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dent of climate and season, and furnishing him with a power of 
producing new varieties. 

Before electro-horticulture can be entertained as a practical 
pr•)Cess it would be necessary ho vever to prove its cost, and 
my experiments of last winter were in part directed towards 
that object. Where i ' available, the electric light 
can be produced at an extreillely moderate cost, comprising car­
bJn electro:ies, and wear and tear of and interest upon apparatus 
and machinery empbyed, which eKperience elsewhere has al­
re:dy shown to amonnt to 6d. per hour for a light of 5000 
candles. The personal current attention requisite in that case 
consists simply in replacing the carbon electro-'!es every six or 
eight hours, which can be done without appreciable expense by 
the under-gardener in charge of the fires of the greenhouses. 

In my case no natural source of power was ava ilable, and a 
steam-engine had to be resorted to . The engine of 6 normal 
horse-power which I employ to work the two electric lights of 
5000 emelle-power each, consumes 56 lbs. of coal per hour (the 
engine being of the ordinary high-pressure ty pe) , which, taken 
at zos. a ton, would amount to 61. or to 3d. per light of 5000 
candles. Hut against this eKpenditure has to be placed the 
saving of fuel effected in suppressing the stoves for heating the 
greenhouses, the a·nount of which I have not been able to ascer­
tain accurately, bnt it may safely be taken at two-thirds of the 
cost of coal for the engine, thus reducing the cost of the fnel per 
light to rd. per hour; the total cost per light of 500D candles 
will thus amount to 6d. +rd.= 7d. per hcntr. 

This calculation would hold good if the electric light and 
enJine power were required during say twelve hours p,r diem, 
but inasmuch as the light is not required during the daytime, 
and the firing of the boiler has nevertheless to be kept up 
in order to supply heat to the greenhouses, it appears that during 
the daytime an amount of motive-power is lost equal to that 
employed during the night. 

In order to utilise this power I have devised means of working 
!he dynamo-machine also during the daytime, and of transmitting 
the electric energy thus pro:luced by means of wire.; to different 
points of the farm, where such operations as chaff-cutting, 
swede-slicing, timber-sawing, and water-pumping have to be 
performed, 

These objects are accomplished by means or small dynamo­
machines pl.tce 1 at the points where power i; required for the-e 
various purposes, and which are in metallic connection with the 
current-generating dynamo-machine near the enJine, The con­
necting wires employed consist each of a naked strand of copper 
wire supported on wooden pole; or .on trees without the use of 
insulatocs, whilst the return-circuit is effected through the park­
railing or wire fencing of the place, which is connected with 
both transmitting and working machines by means of short 
pieces of connecting wire. In order to insu{e the metallic con­
tinuity of the wire fencing, care has to be taken wherever there 
are gates to solder a piece of wire, buried below the gate, to the 
wire fencing on either side. 

As regard; pumping the water, a 3-horse-power steam-engine 
was originally used, working two force-pumps of 
diameter, making thirty-six double stroke3 per minute. The 
same pumps are still employed, being now worked by a dynamo­
machine weighing 4 cwt. When the cisterns at the h )USe, th" 
gardens, and the farm require filling, the pumpo are started by 
simply turning the C·Jmmutator at the engine station, and in like 
manner the mechanical operations of the farm already referred 
t 'J are accomplished by one and the same prime mover. 

It would be difficult in this in •tance to sta te accurately the 
percentage of power actually received at the distant station, but 
in trying the same machines under similar circumstances of 
resistance with the aid of dynamometers, as much as 6o per cent. 
has been realised. 

In conclusion, I have plea nre to state that the working of the 
e:ectric light and transmi>sion of power for the various o_?era­
tions just named are entirely under the char,se of my head­
gardener, Mr. Bnchanan, assisted by the ordinary staff of 
under-gardeners and field-labourers, who probal:>ly before never 
heard of the power of electricity. 

Electric transmis,io:l of power may eventually be applied 
also to thrashing, reaping, and ploughing. The<e objects are at 
the present time accomplished to a large exteat by means of 
portable steam-engines, a class of engine which has attained a 
high degree of perfection; but the electric motor presents the 
great advantage of lightness, its weight per horse-power being only 
2 cwt., whilst the weight of a portable engine with its boiler 

filled with water may be taken at 15 cwt. per horse-power, More· 
over, the portable engine requires a continuous supply or water 
and fud, and involves skilled labour in the fiel<l, whiJ.,t the 
electrical engine receives its food tbruugh the wire (or a light 
rail upon which it may be made to mwe about) from the central 
station, where power can be produced at a cheaper rate of ex­
penditure for fuel and' labour than in the field. The use of 
sec,mdary batterie3 may also be resorted to with advantage to 
store electrical energy when it cannot be utilised. 

ln thu.; acco.npli.,hing the work of a farm from a central­
power stati ·Jn, considerable savings of plant and labour mq be 
effected; the engine-power will be chiefly required for day work, 
and its night work for the purpo, es of electro-horticulture will 
be a secondary utilisation of the est• blishment, invol vin; little 
eKira expense. At the same time the means are provicfed of 
ligh tin_; the ball and shrub be• ies in !he m >St perfect manner, and 
of producing effec·s in landsctpe gard,ni!ig that are strikingly 
beautiful, 

THE ELECTRICAL DISCHARGE, ITS FORMS 
AND ITS FUNCTIONS 1 

II. 
AMONG the various circumstances which combine to determine 

the character of the discharge, one of the most important is 
the size of the negative terminal. And in this respect, as well as 
il1 others, the negative differs fundamentally from the positive. 
If the negat: ve be small, not so much in comparison with the 
positive as in absolute magnitude, and perhaps al o in reference 
to the diameter of the tube, the tube will offer great "resist· 
ance," as it is termed, to the passage of the discharge. On the 
other hand, if the negative be large, the discharge passes with 
comparative ease. ln the first case, even when the discharge 
pasces, stri a:> are formed only with difficulty, if at all; in the 
second they are readily formed. This may ea-ily be shown by 
using a tube with one small and oae large terminal, which can 
be used alrernately as positive and as negative; or by a tube 
having a negative terminal of variable length. 

The £arne dependence of striation upon the size of the nega­
tive may be shown in the case of a tabe with a mgative terminal 
of barely sufficient size. In this case, if the tube be touched by 
the hand (an operation which, as will be hereafter explained, is 
equivalent to enlarging the negative), ' trire will be brought out 
clear and distinct, while without this a' sistance they appear 
only in a confu-ed and irregular manner. 

Other characterdic features of the negative terminal would 
deserve our attention if time permitted . Thu!', the well-known 
phenomena of the so-called "Holtz tube" (or tube divided into 
compartments by diaphragms furnished with narrow pipes 
leading from one compartrt.e ct to the next, and all pointed in 
one direction), show that a small aperture will serve as a nega· 
tive, but not as a po>itive termin"al. This property has been 
generalised by G Jldstein, who, using as a negative terminal a 
cylinder of non-conducting substance pierced with fine holes, 
reproduces all the phenomena appertaining· to an ordinary 
metallic negative. 

And, even apart fro:n the phenomena of vacuum tubes, it 
would not be difficult to adduce instance; showing the import· 
ance of the size of the negative terminal in electrical discharges 
generally. Of these I will now mention only ,the latest. In 
making some modifications of Plante's battery M. de Pozzer has 
found that, if the negative electrode be made of a plate of lead 
of half a millimetre in thickneos, and the positive of one of two­
thirds of a millimetre, but the for.ner double the size of the 
latter, great advantage arises from the greater size of the 
negative. The di<charge from a battery having a negative 
as large as the positive la,ted, on an average of several expen­
ments, for an hour ; while that from a battery, in which the 
size;; of the electrode' were reversed, only half an hour. 
The effect of a battery with electrodes of equal size appears to 
have been inter:nediate to that of the two others. 

From these phenomena, and especia1ly from those of the 
moviqg terminal, as well as from other considerations, it appears 
that the general confi_;uration of the discharge is mainly deter· 
mined at the negative terminal. 

In order, however, to experiment with any hope of progress 
1 A Lecture delivered before the British Association at York on September 

5, r88r, by Will iam Spottiswoode, D.C.L. , LL.D., President of the Royal 
Society. Continued from p. ssr. 
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in our knowledge of the nature and modus operandi of the dis­
charge, we ought to be in a position to modify the discharge, so 
as to compare it under circumstances. The methods 
hitherto usually employed for this object have been an alteration 
in the gas used, an alteration of the pressure, and a diversity of 
figure in the tube or in it; terminals. Of the general character 
of the changes due to such alterations we have already seen 
something. But, beside> these alterations, which are of a struc­
tural or instrumental character, it is also desirable to operate on 
a disch1rge actually in transitu. One of the methods, in fact 
the only one, employed untillaiely is that of the magnet, which 
was used as long ago as the time of Grove, PlUcker, and other 
early experimenters. It is well known that a magnet will dis­
place a movable conductor when carrying a current, according 
to laws established by Ampere. The same is true, in general 
terms, with respect to a discharge traversing an exhausted tube. 

Thu<, in the tube now before you, you will see that when one 
pole of a magnet is pre,ented t.:> the tube, the discharge is 
thrown to one side of the tube; and whe11 the other pole is so 
presented the d\scharge is thl'Own to the other side. These two 
main features, however, very inadequately describe the actions of 
a magnet, which in fact operates separately not only upon each 
stria as a unit, but even upon the various parts of a stria in such 
a way as to deform it a; well as to displace it. But they involve 
the main characteristics of the magnetic action, and must suffice 
on the present occasion to show that in the magnet we have a 
powerful instrument for examiuing the properties and functions 
of the discharge, even (if the term may be permitted) in the 
living specimen. 

The other principal mode of operating on the discharge con­
sists in reducing it to what has.been called the "sensitive state"; 
i.e. to a state in which the position of the luminosity i< affected 
by the approach of a conductor to the tube. For the details of 
an experimental investigation into the phenomena of this state, 
and a discussion of the conclusions that may be drawn therefrom, 
the reader is referred to the Pltilosophical Transactions of 1879 
and r88o. But the following remarks may serve to convey some 
notion of the method and its issues. Sensitiveness is produced 
by breaking the circuit with a short interval of air, or, as it is 
usually described, by interposing an "air·spark " in one branch 
of the circuit, viz. either that leading from the positive, or in 
that leading from the ne,;ative, terminal of the machine to the 
tube, or by otherwise rendering the discharge intermittent. The 
effect of this is to discharge the electricity discontinuously, so 
that from time to time there passes into the tube a comparatively 
large quantity of electricity at a higher tension than would other­
wise be the case. By this means 1he gas in the interi'>r of the 
tube, or perhaps the interior surface of the tube itsdf, becomes 
mom mtarily charged with electricity, thus creating an ele<:tric 
ten<ioo, which may be discharged or "relieved" by a displace­
ment in the electricity on a conductor brought near, or in contact 
with, the tube. This causes or permits a discharge from the 
interior of the tube itself of the electricity of an opposite kind to 
that with which the tube itself is charged. If the air spark is 
on the positive side the charge on the tube is positive, and the 
relief negative, and vice versa. From this it follows, as might 

1

. 

have been expected, that the effect of the relief on the visible 
discharge is different in the two case, . J n each case the part of 
the inner surface of the tube nearest to the conductor acts as a 
quasi terminal. As a general rule, with a positive air-spa"k, the 
relief, being negative, tends to produce a dark space, and thereby 
gives the appearance of a repulsion of the luminous column. 
With a negative air-spark the relief, being positive, tends to pro· 
duce a stria; it thereby cau<es luminosity, and gives an appea·rance 
of attraction of the luminous column. 

The appearance of the luminous column when produced under 
the action of an air-spark is usually amorphous or unstratified, 
although this is not always the case. In the case of a positive 
air-spark the column is more or less constricted and confined to 
the central part of the tube; in the case of a negative air-spark 
it is more diffused, and usually fills the whole diameter of the 
tube. This is doubtless due to a gradual discharge from the 
sides of the tube, and is in accordance with what has been said 
above. 

Under suitable circumstances this relief discharge may be 
made to bring out artificial strire from an amorphous discharge, 
the position of the strire depending upon the character of the air­
spark used. The positions by strire in the one case 
will be occupied by dark spaces in tbe other, and vice versa. 

The facts here adduced, together with many others based upon 

a long series of experiments, all tend to the co·1clusion that, 
whatever the number or form of the strire in a stratified column, 
each stria is to be regarded as a physical unit, and that in each 
unit we have represented all the elements of a complete dis­
charge. The form of each stria is in every determined _by 
that of its ionmediate predecesse>r, reckoned from the negative 
end. This may be verified, among other ways, by observing 
the form of the successive striao when distorted by the influence 
of a magnetic field. The same research has further e.,tablished 
the fact that the negative glow and the haze behind it, which 
terminates in what is usually kn.Jwn as the negative dark space, 
is a stria turnej as it were inside out by the influence, the shape, 
and the character of the negative terminal. From the mode in 
which this stria is connected with the negative terminal it has 
been called tbe "anchored stria." 

The relief effects, may, however, be produced equally well by 
connecting a point on the surface of the tube with the opposite, 
or non-air-spark terminal, instead of with earth. By this means 
we supply a charge of electricity of the name to that 
with which the tube has been charged, and obtam a result of a 
similar character to that of ordinary relief. 

Alongside of the.relief effects above mentioned there is also 
a system of what we have termed "special effect>," which latter 
are converse to the former, each to each. These are produced 
by connectino- a point on the outside of the tube with the air­
spark termin"al itself. The special effect with a positive air­
spark is equivalent to a relief effect with a negative air-spark, 
and vice versa. 

Lastly, all these effects may be produced by mean< of im­
pulsive discharges to the outside of the tube from an i':ldependent 
source of electricity, such as a second Holtz mach111e. And, 
mutatis mutmtdu, the corre-.ponding effect; may be pr.Jduced by 
this method even on a non-sensitive discharge. This completes 
the entire cycle of phenomena due to impulsive action ab extra. 

The character of these effects being known once for all, this 
impulsive action may be used as a test of the nature of a _dis­
charge (i. e. whether po.3itive or negative) passing through a given 
tube. For example, we may experimentally verify in the case 
of a coil di·charge what might have been anticipated on the 
principles now established. Such a discharge is in fact 
intermittent from both ends. There is no reason why either 
terminal should be regarded as the air-spark terminal rather than 
the other. Hence we might expect that the discharge would be 
positive through about one-half of the tube, and negative through 
the remainder, with a neutral zone between them. And such 
proves to be the case. But. more than this, if we attach a small 

to either termin'll of the tube, so as to tone down the 
impulsiveness of the discharge at that end, we can thereby alter 
the proportions of the positive and the negative of the 
diicharge and shift the position of the neutral zone at will. 

The distinctive character which it is thus possible to convey to 
the whole, or to the two parts of one and the same discharge, 
naturally leads us to examine whether it te not possible entirely 
to separate one from the other, and to produce what may be 
called a unipolar discharge. And this in fact may done ; by 
connecting the one terminal of the tube through an a1r-spark to 
one branch of the circuit, and by leaving the other disconnected, 
we may pr .. duce a discharge which, having plunged blindly into 
the tube and findin()' no resuonse from the other end, returns 
upon and finds by way by which it came. The uni· 
polar discharge is essentially intermittent, and therefore sensitive; 
the positive is conical in form and its end ; 
negative i' broad, and, so far as 1t extends, 1t fills the entire 
width of the tube. Lastly, two unipolar discharges of the same 
name can be produced in the same tube ; they repel one another, 
and each returns like a single one. 

From these experiments we CJnclude that the independence of 
the discharge from each terminal i.; so complete that we can at 
will canse di,charges from the two terminals to be equal. in 
intensity but opposite in sign (as in the case of the 
or of any degree of inequality (as in the case of the coil w1th a 
small condenser). Or we can cause the discharge to be from 
one terminal only, the other terminal acting merely receptively 
(as in the case of the air-spark discharge) ; or we can cause the 
di•charge to pass from one terminal only and return to it, the 
other terminal not taking any part in the discharge; or, finally, 
we can make the two terminals pour forth independent dis· 
charges of the same name, each of which passes back through the 
terminal whence it came. 

One of the most important consequences which follows from 
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these considerations is that the discharges at the two terminals 
of the tube are so far independent as to be primarily deter­
mined each by the C}nditions at its own terminal, and only 
in a secondary degree, if at all, by the conditions that exist at 
the opposite terminal. And since the discharges are not neces­
sarily the same at both terminals, the tuhe must contain free 
charges at different times. A tube is therefore not like a con­
ductor, but is an independent electrical system, holding much 
the same position as the air-vessel in a forcing-pump. All the 
electricity that goes into it goes out again, bnt this is true only 
when we consider the whole discharge from the beginning to 
the end, and it may not be true even approximatelyduring a 
small finite time. This independence of the discharges from 
the two terminals in the passage of electricity through rarefied 
gases dissipates the error of seeking analogies in metallic con­
duction; and shows that any obedience to regular laws as to 
change of potential as we proceed along the tube, resistance, 
&c., must arise from the fact that the effects measured are really 
average effects over an interval of time very long compared 
with the duration of the individual discharges. 

The importance which attaches to the negative end of the 
dischar;te has led experimenters to examine whether the features 
appertaining to it could not be still further enlarged. And the 
only thing requisite to carry the experiments to a limit was an 
instrumental method of improving the vacuum to the degree 
required. This was furni,hed by Mr. Crookes' refinements on 
the Sprengel pump. In a series of most remarkable experi­
ments he has shown, as mentione.j above; not only that the 
striated column may be reduced to zero, but that the anchored 
stria itself may be so driven back that the blank space in 
question may be made to occupy the entire length of the tube. 

When an exhaustion "Uch as that described, or an exhaustion 
nearly equal to it, has been reached, a phenomenon, previously 
noticed, but not before made the subject of serious inquit·y, 
presents it elf. Certain parts of the interior surface of the tube 
become luminom with phosphorescent light. The colour of 
this light depends on the nature of the glass, and not in any 
way on the nature of the residual gas within the tube, nor on the 
substance of which the terminal is made. With German glass 
the phosphorescent light is green, with English glass it is blue. 
But the portion of the glass thus rendered luminous depends 
upon the form and position of the negative terminal. This 
phenomenon is supposed to be due to the s.treams of gaseous 
particles shot off from the neighbourhood of the negative ter­
minal during the discharge. Although there is reason to think 
that the; e streams are an accompaniment rather than an integral 
part of the discharge, yet the particles would seem to be them· 
selves charged with electricity, inasmuch as their paths are 
affected by a magnet, just as is a movable conductor carrying a 
current, or a charged body in rapid motion. 

The whole subject of these streams, their power of heating 
metals and other substances, the shadows cast by bodies inter­
posed in their path, and other properties of them, have been so 
well and so fully illustrated by Mr. Crookes both in published 
memoirs and. in a lecture before this Association, that it is un­
necessary for me now to dwell upon the subject in detail. 

Their nature and properties, however, having been thus in 
the main determined, these streams have proved a valuable 
auxiliary in an investigation of what have been called the 
"small time-quantities" involved in the discharge. The dis· 
charge is, as has been already shown,.a complex phenomenon, 
the various parts of which, although not entirely separable, may 
be shown to occupy different periods of time; and the length of 
these periods may be compared" ith one another, and with other 
known electrical phenomena. vVe cannot, it is true, make any 
abso ute determinations of the time occupied in any of them, 
but we may still form a table of relative magnitudes of these 
small time-quantities. And l will now endeavour in a few 
words to give some idea of the nature of these quantities, and 
of the method whereby they have been measured. 

If we take a tube of such high exhaustion as to cause the: 
discharge to become intermittent, or if we u >e a positive air­
spark of sufficient length with a tube of fair exhaustion, phos· 
phorescent light, due to molecular streams, will be seen on the 
inner surface of the glass near the negative terminal. If then 
a patch of tinfoil, connected with earth, be placed on any other 
part of the tube, it will cause negative relief discharges to take 
place from the glass immediately within it, producing phosphor­
escence on the opposite side of the tube. 

If any solid object, such as a piece of wile, should be present 

in the tube below the point of contact, it will cast a shadow on 
the phosphorescence, precisely as in Crookes' experiments with 
the streams from the negative terminal. If there be two points 
of relief contact, the same object will throw two shadows, in 
directions conformable with radiations from each. To these, 
other experiments might be added. 

A determination of the precise directions in which these mole­
cular streams issue from a relieving surface is not a very simple 
problem; and we must here content ourselves with showing that, 
in the case of intermittent discharges at least, the streams do 
not issue normally. If a strip of tinfoil placed along the tube 
be used as a relieving surface, the phosphorescence takes the 
form of a sheet wrapped round the tube; if the strip be 
wrapped round the tub>, the phosphorescence takes the form of 
a sheet laid along the tube. If contact be made with the finger 
over a finite surface, or by a ring of wire laid close upon the 
tube, the phosphorescence takes the form, approximately, of 
the evolute of an ellipse. In all these cases the illumination is 
somewhat irregular ; but the geometrical elements of which the 
phosphorescent figure is composed, and the stripes or striations 
of more intense light, are always formed at right angles to the 
longer dimension of the contact piece. This being so, suppose 
that we place on the tube a strip in such a curve that the normal 
planes to the curve will pass through the tangent at the corre­
sponding point of the image of the curve, i.e. the curve on the 
opposite side of the tube, each point of which is exactly oppo­
site to a point on the tinfoil. In such a case all the striations 
will lie along the curve formed by the locus of the central 
patches of phosphorescence, and the result will be a single 
bright curved line of phosphorescence without any spreading 
out or striated margin. The curve fulfilling thes<> conditions 
will be a helix, whose pitch is half a right angle. Experiment 
confirms the anticipation. 

One more step in the study of these molecular streams is 
necessary for our present purpose, namely, an application to 
them of the same method which we have used with the electrical 
discharges themselves ; viz. we must examine the effect of an 
inductive stream produced ab extra upon a direct stream due to 
the discharge inside the tube. These effects may be described 
generally as the interference of molecular streams. 

If the finger be placed upon a highly exhausted tube through 
which a discharge with a positive air-spark is passing, the phos­
phorescence due to the molecular streams from the neo-ative 
terminal is seen to fade away from the place where the finger 
rests, and from a region lying thence in the direction of the 
positive terminal. The effect is that of a shadow over that part 
of _the tube; and as th!s is produced by any real intervening 
object, but by an actwn from outs1de, we have termed it a 
"virtual shadow." The phenomenon is due to a beating down 
of the streams of molecules coming from the negative terminal, 
by the transverse streams from the side of the tube immediately 
within the part touched. 

The interference of two molecular streams may be further 
illustrated by a variety of experiments, and in particular by 
arranging within the tube a conductor of some recognisable form 
-say skeleton tetrahedron. If the tube be touched at a place 
opposite to this object a shadow of the latter will be formed in 
the relief phosphorescence; but if the tube be touched also at a 
point on which the conductor rests, the shadow will be splayed 
out in a striking manner. This splaying or bulging of the 
shadow is due to the interference of the molecular streams issuing 
from the surface of the conductor, which then acts as a quasi 
negative terminal, with the original relief streams issuing from 
the first point of contact. 

With the help of these properties we are able, by connecting 
a patch of t.infoil on the tube with earth, or with the negative 
terminal itself, or with a second patch elsewhere on the tube, to 
detect the presence or absence of a demand for negative· elec· 
tricity ; to localise the main seat of such demand ; and even to 
compare the electrical condition of different parts of the tube at 
the same time or of the same parts at different times during the 
very passage of the discharge. In this way we approach the 
question of the small time-quantities involved in the discharge. 

And, in the first place, it must be understood that the whole 
duration of one of these intermittent discharges is compri&ed 
within a period of which the most rapidly revolving mirror has 
been incompetent to give any account. It may be in the recol· 
lection of a few of my audience that when the discharge from 
my great induction-coil was exhibited at the Royal Institution 
with tubes on a revolving disk the discharge showed a durational 
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character as long as the coil alone was used ; but as soon as a 
Le,tden jar was introduced, which was in the main equivalent 
to an air-spark in a continuous current, the durational character 
disappeared, and nothing was vbible but a bright line, the width 
of which depended, not upon the duration of the discharge, for 
no velocity of rotation in any way affected it, but only on the 
width of the slit through which the discharge in the tube was 
seen. But, notwithstanding the extreme rapidity with which the 
discharge is effected, our experiments have already shown that 
the spark or discharge is a complicated phenomenon, the various 
parts of which take place in a certain order or sequence of time ; 
and that in virtue of this sequence we have succeeded, at the 
various pressures comprised within our range, in affecting ar,d 
modifying it in transitu, This suggested the idea that, although 
the subject is snrrounded with it might still be 
possible to form some relative estimate, at all events, of the 
time occupied by the various parts of which the whole pheno­
menon is compmed. And in fulfilment of this the following are 
some of the conclusions to which we have been led. 

The time occupied in the passage of electricity of either name 
along the tube is greater than that occupied in its passage along 
an equal length of wire. 

This may be shown by connecting metallically a piece of tin­
foil near the air-spark terminal with another near the distant 
terminal; for it is then seen that the former derives as much 
relief from the latter as if the latter were not on the tube. This 
shows (I) that at the time when the electric disturbance reached 
the nearer piece of tinfoil the more distant piece was unaffected, 
and (2) that the disturbance propagated along the wire reached 
the second piece before the arrival of the same disturbance 
propagated within the tube. 

The negative discharge occupies a period greater than that 
required by the particles composing the molecular streams to 
traverse the length of the tube, but comparable with it. 

Proofs of this proposition are to be found in the phenomena 
of virtual shadows, and in other instances of the interference of 
molecular streams ; but, omitting detailed experiments, the gene­
ral argument on which the above conclusion is based is as follows : 
If two molecular streams, one issuing with positive relief from 
the side of the tube, the other coming from the negative ter­
minal, show signs of interference, it is clear that the former of 
:hese, which certainly started first, mu&t have continued to flow, 
at all event", until the arrival of the latter. 

The time occupied by the passage of electricity of either name 
along the tube is incomparably shorter than that occupied by the 
emission of thCil molecular streams, or (what is the same thing) 
the time occupied by the negative discharge. 

In support of this conclusion we have time only to mention a 
single experiment. If two pieces of tinfoil connected by a wire 
be placed, one near the negative, the other near the positive end 
of a tube through which a negative dhcharge with a rather long 
air-spark is passing, the former will show relief (positive) effects, 
the latter special (negative) effects; but no phosphorescence will 
be caused at the latter, however long the air-spark used. When 
the second patch is lifted off the tube and placed upon another 
through which no current is passing-, phosphorescence is imme­
diately produced. The explanation of this appears to be as 
follows: The negative electricity, bursting into the tube, sum­
mons all the positive which it can draw from the tinfoil. This 
is answered so promptly, that the second patch gives up to the 
first through the medium of the wire all the positive that it can 
yield, or, which is the same thing, draws off frcm the first all 
the negative that it (:an obtain; and th's is done before the 
advancing negative reaches the distant patch. But so rapidly 
does the negative advance, that it reaches the distant patch 
before the molecular streams have had time to flow from the 
latter stream to produce phosphorescence; and it 
reaches It m trme to revoke the supply of positive to the nearer, 
and to draw back the supply of negative which would have come 
to, and with it the molecular streams which would otherwise 
have flowed from, the further patch, When the second patch is 
placed on an mdependent tube, where no such revocation is 
possibi:, phosphorescence appears, showing that the 
revocatiOn '" no mere suppositiOn, but a real phenomenon . 
. From two laws it follows as a consequence that nega­

tive electncity, and therefore also electricity of either name, in 
the tube outruns the molecular streams. 

We may now fairly ask whether the phenomena which we 
have been studying have any counterpart in the larger operations 
of nature which are going on around us, and whether the con-

elusions to which we have been led afford any explanation of 
observed facts? Many natural phenomena doubtless fundamen· 
tally depend upon electricity; how many we hardly yet know. 
But there are two in particular, namely, lightning and the 
aurora, which are unquestionably electrical, and whose corre­
spondence with the srark proper, and with the discharge in 
rarefied gases, respectively has often been noticed. On these I 
venture to offer a few remarks. 

To say that both of these phenomena are dependent on the 
electrical state of the atmosphere is not saying much ; both for 
other reasons, and especially because we do not know upon what 
atmospheric electricity itself depends. But it is clear that it is 
to a knowledge of the distribution of such electricity that we 
mu·t look for a proximate, as well as an approximate, explanation 
of the facts. 

In a thunder-cloud we have an aggregation ot aqueous particles 
small enough to remain, temporarily at least, suspended in the 
air. All of these, it would appear, are similarly electrified, ar.d 
by their mutual repulsion are restrained from fun her coalescence. 
By their presence the ground below the cloud becomes induc­
tively electrified in the opposite sense ; and as soon as the cloud 
by its motion comes within $parking distance, or by an increase 
of its charge attains sufficient tension, a spark discharge takes 
place, which, as we have sem above, is a flash of lightning. A 
similar action may naturally take place between two clouds 
oppositely electrified. The electrical tension required for a 
flash of lightning is of course enormous. It has been calculated 
that in order to produce directly from a battery of the most 
favourable construction a spark of 42 inches, equal to that given 
from my great induction-coil, from 6o,ooo to roo,ooo cells would 
be necessary ; while for a flash of lightning a mile long not less 
than 3, soo,ooo cells would be required. 

In some interesting experiments on water flowing from a small 
orifice in a cistern Lord Rayleigh has found that the. breaking of 
the continuous column into drops is checked by communicatmg 
to it a small charge of electricity; but that it is promoted by a 
large charge. We may imagine with him that something of the 
same kind tal:es place in tbe cloud; and th- t before the fla>h the 
aqueous particles are kept apart by mutual repulsion due to their 
being all highly charged with electricity of the same name ; but 
that after the flash they are left either without charge or with so 
slight a charge as to promote their coalescence and their 
consequent fall in the form of rain, This would be an explana­
tion of the well-known downpour which frequently occurs after 
a flash of lightning. 

There is moreover another form of lightning to which the dis­
charge in our vacuum-tubes offers, to my no more of it, consider­
able analogy, namely, that commonly known as ball Iightnine'· 
The appearance of ball lightning is described as that of a 
luminosity or ball of fire moving generally towards the earth, in 
a direction more or less oblique, and elisa ppearing in most cases 
before reaching the grc und. In some tubes, the exhaustion of 
which is very moderate, say, having a pressure of several milli­
metres of mercury, it happens not only that the blocks of light 
termed entities by Mr. De La Rue are formed, but also that 
these entities travel along the tube from the immediate neigh­
bourhood of the positive terminal to a finite distance in the 
direction of the n<>gative, and then disappear. It would seem 
not unreasonable to sup1 ose that ball lightning is due to condi· 
tions not dissimilar to those of such tubes, namely, to a discharge 
occurring in the upper regions of the air, at an elevation of per­
haps twenty more or less, where the pres>ure is moderate, 
that is to my, greater than that under which an auroral-like dis­
play could take place, and yet less than that which would give 
rise to a true spark or ordinary flash of lightning. And if 
further we effect tbe discharge in the tube by 1 he gradual out­
pouring of electricity from a charged Leyden battery, or other 
condemer, through a suitable resistance, or if we use an indue· 
tion-coil, then the condenser, or coil, will represent the charged 
cloud, or portion of the atmosphere, from which the phenomenon 
proceeds; and the analogy. will perhaps be considered sufficiently 
close to render further observations in proof or disproof of the 
theory desirable. 

Let us now turn to the aurora. Sufficient experiments have 
been made this evening to show that the discharge in rarefied 
gases differs from that in gases at higher rressures; and that the 
difference corresponds exactly to that observed between the 
diffused, gentle, and flickering play of the aurora and the sudden 
crashing spark of a flash of lightning. It is also abundantly 
clear that at an elevation of twenty or thirty miles above the 
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earth's surface the atmospheric rarefaction mus1 be such as to 
convert what would be lightning at a lower !eve into a discharge 
similar in the main to that in a vawum tube. 

Further, it is an ascertained fact thH a difference of electric,ll 
condition in different portions of the atmosphere often prevails. 
We have, therefore, not unfrequently present in regious at 
moderate elevatiom, S'1Y from twenty t o fifty miles, all the con­
ditions neces,ary f<>r the production of an auroral display. 

An-i n 1t only so, but our experiments enable us to determine, 
at all events approximately, some limits of elevation within 
which this phenomenon can occur, and thereby to check the 
very divergent esth1ates of thooe who have it. Esti­
mates of the altitude at which the auroral discharge takes place 
have been m 1de from simultaneous observation's at different 
points, and these have ranged up to fifty or sixty, anrl eve ,l . to 
281 miles. But even the lowest of these appear,; to he Im­
probable. The pressure at which the resistance of air is least is 
a little less than "4 of a millimetre of mercury ; and the c->rre­
sponcling elevation is about thirty-eight miles. A tul;e 
mea,ured by hundred-thousandths of an a tmosphere would 
correspond to an elevation of a little more than eighty-one 
miles. Through a hydr,>ge 1 vacuum at this pressure Mr. De 
La Rue failed to obtain a discharge with I r,ooo cells; c nd he 
add; that " it may he assumed that at this height the discharge 
would be considerably less brilliant than at thirty-eight miles, 
' hould such occur." 

It seems to be a well-ascertained fact that in high latitudes 
there are fewer thunderstorms and more auroras than in lower 
lab tudes. This fact points to the c,mclusion that, after a dis'urb­
ance, the re-distribution of atmospheric electricity is effected by 
one process or by the o!her, according to, or rather in con­
sequence of, the meteorological differences between arctic, 
temperate, and tropical regions. In colder regions, where the 
air i; generally drier, and, consequently, a bette;· msulator than 
in warmer, there is less liability to a c\i;char.,e taking place m 
the lower and denser strata; that i<, there is less liability to 
lightning. Bnt at higher level< the rarefaction may nmpensate 
this, and cause an aura a\ discharge t1 take place i'istead. 

There are other features in which a comparison may be made 
between the auroral light and vacuum discharge '· These dis­
charge;, when free to arrange themsel ves in a mctgnetic field, 
follow the lines of force; the auroral streamers appear to run 
pa,·allel to the dipping need le. The colour of such discharges 
varies with the exhaustion; that of the aurora varies, like that of 
an air-vacuum, fro ;n red almost to white; and in the al.sence of 
independent observatiom to the contrary, we may_ fairly a ttribute 
the variety of tint in the aurora partly to a dn,er>Hy of elevatiOn, 
and, comequently, of rarefaction in the region where it takes 
phce, but partly also perhaps t o the electrical conditions present 
anteri,)r to the passage of the di·ochnrge. 

These and other features of the phenomenon of the aurora, as 
well as the kindred subjects of ear th currents, the disturbances 
of the magnetic needle, and the connection of the whole with 
solar radiati,)n as a predisposing cause, have been brought to­
gether under one theoretic view by Prof. to wh.om I 
am indebted for much of what I have here on the subJect. 

Having thus gone throngh, so far as circumstanc :s permitted, 
the experimental and inductive parts of my subject, it might 
have been very pleasant to have cast aside for a few moments 
the links which connect strict induction with maybe termed 
the fixed poinb of ascertained fact; and, restrained only by the 
more elastic bonds of scientific imagination, to hwe indulged in 
speculations about things still lying on the borders of 'cience 
and of dreamland. But I must leave each of you to follow out 
this vein of after your own fashion; and, C)nfinin; 
myself to a single remark, I will simply the 
in which my own thoughts on the present subject are nchned to 
turn. The remark is this : If in the search for a solution of the 
mystery of electricity there be one element. more deserving our 
attention rather than another, it is that of time. We have utilised 
this element in our experiments with the revolving mirror; and 
we have touched upon its more subtle influences in our conclu­
sions about the small time quantities in rel ation to the discharge. 

All operations of nature take place in time. lt is in the time­
sequence of phases, often apparently simultaneous, but in reality 
successive, that we may hope to strike the origin of many coon­
plicated phenomena. Time is the ocean beneath wh'Jse waves 
and whose currents the secret fountains of truth are to be sought. 
Time is the ocean whose mighty stream encircles our life. T1me 
is the ocean whose "countless smiles" gave birth to Venus and 

the Nereids and all the infinite forms of beauty and of bright­
ness which play around our youth Time is the ocean from 
whence sprang also the steeds of Neptune, typical of the stl·ength 
of our mo,·e mature years. Time is the ocean in whose loving 
arms we fall asleep, when the sun sinks low on the horizon, and 
the shades of night are creeping over the heavens, and all things 
tell us that our course is run. 

BIOLOGY AS AN ACADEMICAL STUDY 1 

II. 
IT may hel p to the understanding of whot I mean by a sound 

method of biological teaching if I give a brief outline of the 
course of study I hope to pursue with my students this session. 
It is h ardly necessary for me to state that this course is derived 
froon Prof. Huxley's by a natural proce>S of descent with 
modification. 

I n the firs t place there will be some four or five lecture ; on a 
common flowering phnt, giving an account of its ordinary 
structure as seen by the nahed eye, of its microscopic structure, 
of its physioJ,gy, and of the process of its deve! ,)pment. After 
each lecture the students will exo.mine for themselves the plant 
described, learning not only to dissect it in the ordinary way, 
but to make preparations for the microscope. By this means 
they will be I amiliarised with the use of the microscope, the 
employment of stainin;(' fluids, and other reagents used in the 
investigation of structure, and with the chief processes of 
manipulation. As the laboratory will he o;Jen for nine hours a 
week, so a ' to give three hours for working out what has been 
described in each hour's lecture, it is to be expected that a 
student of average intelligence will, by the time this part of the 
course is over, have a very fair notion of what a fl owering 
plant is, of the pwces,es by which its life is carried on, and of 
the manner in which it originates. 

The next few lectures, and the corresponding p ortion of the 
pract ical course, will be occupied with a similar treatment of an 
animal : the one selected, as on the whole the most convenient 
and the most instructive. being the common sea crayfish of our 
markets. In the examination of this organism, the students 
will learn something of the art of dissection, and will further 
ap ?lY the knowledge of micmscopic structure which the study of 
the phnt has given them, to the far more difficult problems of 
animal histolc>gy. The study of the crayfi sh, and the comparison 
of it, point by point, with the plant, should give a clear concep­
tion of the main points of difference and of likeness bet'-' cen the 
more highly organised animals and plants-- between anin,als and 
plants as they are generally known to us. 

In deal ing with these types, in the lectures it will be my aim 
always to proceed from the known to the unknown; to begin 
with points which every one who has seen a fl owering plant or a 
crayfish mu-t have noticed, gradually leading up to such points 
of structure as require minute observation to verify them, and 
above all never to give a definition or a general statement 
without first supplying the facts from which it is legitimately 
deducible. 

Next, I propose to take a number of types selected on the one 
hand from the lowest plants, on the other from the lowest 
animals: to show how these uniCellular organisms agree in 
structure and in the nature of their physiol,>gical processes with 
the individual cells of which the bodies of the higher plants and 
animals are made u p, and to point out how, in de·tlin; with 
these lowest members of the t wo kingdoms of organic nature, 
the b oundary line between the two kingdoms tenus to disappear, 
ancl it becomes very difficult, sometimes even impossible, to say 
what is a plant an:l what an animal. The study of these lowly 
forms will a lso lead to the question of the ol'igin of life, ani it 
will be necessary to say something of the attempts which have 
been made to establish the doctrine of spontaneous generation, 
and to discu;s their value. 

The comideration of a few other animal and vegetable types, 
especially such as, although multicellular, exhibit none of the 
complex tissues found in the higher animals and plants, will 
bring the introductory part of the course to a close-the part 
whicil deals with the general facts and principles of biology. In 
it the student should learn how animals and plants agree with 
and differ from each other, and from inorganic bodies ; what are 
the relations of animals anct plants to one another, and to 

1 Inaugural Lecture delivered in University 2.' ISB.x} by 
T . Jeffery Parker, B.Sc., Lond., Professor of B1ology m the Umverstty of 
Otajio. Continued from p. 546. 
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