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PREFACE

I nave in the present work put in a connected and a
more complete form results, some of which have been

published in the following Papers :

“De la Gendralite des Phenoménes Moleculaires produits
par I'Electricité sur la matiére Inorganique et sur la
matiere Vivante. (Travauxr du Congrés International
de Physique. Paris, 1900.)

“On the Similarity of Effect of Electrical Stimulus on In-
organic and Living Substances.” (Report, Bradford
Meeting British Association, 1900.— Electrician.)

‘ Response  of Inorganie Matter to Stimulus.’ (I*‘ridaw'
Evening Discourse, Royal Institution, May 1901.)

* Un Eleetrie Response of Inorganic Substances. Preliminary
Notice." (Royal Society, June 1901.)

‘On Electric Response of Ordinary Plants under Me-
chanical Stimulus.” (Jowrnal Linnean Society, 1902.)

‘Sur la Réponse Electrique dans les Métaux, les Tissus
Animaux et Végétaux.” (Société de Physique, Paris,
1902.)

‘On the Electro-Motive Wave accompanying Mechanical
Disturbance in Metals in contact with Electrolyte.’
(Proceedings Royal Society, vol. 70.)

“ On the Strain Theory of Vision and of Photographie Action.’
(Jowrnal Royal Photographic Society, vol. xxvi.)
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RESPONSE

I¥ THE

LIVING AND NON-LIVING

CHAPTER 1
THE MECHANICAL RESPONSE OF LIVING SUBSTANCES

Mechanieal response —Different kinds of stimuli—Myograph—Character-
istics of response-curve: period, amplitude, form — Modification of
response-curves,

O~E of the most striking effects of external disturbance
on certain types of living substance is a visible change
of form. Thus, a pilece of muscle when pinched con-
tracts. The external disturbance which produced this
change is called the stimulus. The body which is thus
capable of responding is said to be irritable or excit-
able. A stimulus thus produces a state of excitability
which may sometimes be expressed by change of form.
Mechanical response to different kinds of stimuli.—
This reaction under stimulus 1s seen even in the lowest
organisms ; in some of the amceboid rhizopods, for
instance.  These lumpy protoplasmic bodies, usually
elongated while creeping, if mechanically jarred, con-
tract into a spherical form. If, instead of mechanical
B



2 RESPONSE IN THE LIVING AND NON-LIVING

disturbance, we apply salt solution, they again contract,
in the same way as before. Similar effects are produced
by sudden illumination, or by rise of temperature, or by
electric shock. A living substance may thus be put
into an excitatory state by either mechanical, chemical,
thermal, electrical, or light stimulus. Not only does
the point stimulated show the eflect of stimulus, but
that effect may sometimes be conducted even to a con-
siderable distance. This power of condueting stimulus,
though common to all living substances, is present in
very different degrees. While in some forms of animal
tissue irritation spreads, at a very slow rate, only to
points in close neighbourhood, in other forms, as for
example in nerves, conduction is very rapid and reaches
far.

The visible mode of response by change of form may
perhaps be best studied in a piece of muscle. When
this is pinched, or an electrical shock is sent through it,
it becomes shorter and broader. A responsive twitch
is thus produced. The excitatory state then dis-
appears, and the muscle is seen to relax into its
normal form.

Mechanical lever recorder.—In the case of contrac-
tion of muscle, the effect 1s very quick, the twitch
takes place in too short a time for detailed observation
by ordinary means. A myographic apparatus is there-
fore used, by means of which the changes in the muscle
are self-recorded. Thus we obtain a history of its
change and recovery from the change. The muscle is
connected to one end of a writing lever. When the
muscle contracts, the tracing point is pulled up in one
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direction, say to the right. The extent of this pull
depends on the amount of contraction. A band of
paper or a revolving drum-surface moves at a uniform
speed at right angles to the direction of motion of the
writing lever., When the muscle recovers from the
stimulus, it relaxes into its original form, and the writing
point traces the recovery as 1t

moves now to the left, regaining
its first position. A curve is thus
described, the rising portion of ;
which is due to contraction, and
the falling portion to relaxation
or recovery. The ordinate of the
curve represents the intensity of
response, and the abscissa the time i et e n e
{ﬁg 1}_ Reconner

2 ed The muscle M with the attached
Characteristics of the response- " . cecurely held at one

curve: (1) Period, (2) Amplitude, 1% the other end being con-
(3) Form.—Just as a wave of sound

Under the action of stimu-
lns the contracting muscle

is characterised by its (1) period, Hiesing st is thomts

over the travelling recording

(2) amplitude, and (3) form, 0 Gurface . When the mus:
' . cle recovers from conbrac-
may these response-curves be dis- tion, the tracingpointreturns
. P to its original position. See
tinguished from each other. As on P the record of muscle
- 3 curve.
regards the period, there is an
enormous variation, corresponding to the functional
activity of the muscle. For instance, in tortoise it may
be as high as a second, whereas in the wing-muscles of
many insects it is as small as 4} part of a second.
*It is probable that a continuous graduated scale might,
as suggested by Hermann, be drawn up in the animal
kingdom, from the excessively rapid contraction of

R 2
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insects to those of tortoises and hibernating dormice.’ !
Differences in form and amplitude of curve are well
illustrated by wvarious muscles of the tortoise. The
eurve for the muscle of the neck, used for rapid with-
drawal of the head on approach of danger, is quite
different from that of the pectoral muscle of the same
animal, used for its sluggish movements.

Again, progressive changes in the same muscle are
well seen in the modifications of form which consecutive
muscle-curves gradually undergo. In a dying muscle,
for example, the amplitude of succeeding curves is con-
tinuously diminished, and the curves themselves are
elongated. Numerous illustrations will be seen later, of
the effect, in changing the form of the curve, of the
increased excitation or depression produced by various
agencies. .

Thus these response records give us a means of
studying the effect of stimulus, and the modification of
response, under varying external conditions,-advantage
being taken of the mechanical contraction produced in
the tissue by the stimulus. But there are other kinds
of tissue where the excitation produced by stimulus is
not exhibited in a visible form. In order to study these
we have to use an altogether independent method, the
method of electric response.

' Biedermann, Electro-physiology, p. 59.
|
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CHAPTER 1II
ELECTRIC RESPONSE

Conditions for obtaining electric response— Method of injury —Current of
injury—Injured end, cuproid : uninjured, zincoid—Current of response
in nerve from more excited to less excited—Difficulties of present nomen-
clature—Electrie recorder—Two types of response, positive and negative
—Universal applicability of eleetric mode of response—Electricresponse
a measure of physiological activity—Electrie response in plants,

UxnLike muscle, a length of nerve, when mechanically
or electrically excited, does not undergo any visible
change. That it is thrown into an excitatory state, and
that it conducts the excitatory disturbance, is shown
however by the contraction produced in an attached
piece of muscle, which serves as an indicator.

But the excitatory effect produced in the nerve by
stimulus can also be detected by an electrical method.
If an isolated piece of nerve be taken and two contacts
be made on its surface by means of non-polarisable
electrodes at A and B, connection being made with a
galvanometer, no current will be observed, as both A
and B are in the same physico-chemical condition.
The two points, that is to say, are 1so-electric.

If now the nerve be excited by stimulus, similar
disturbances will be evoked at both A and B. If]
further, these disturbances, reaching A and B almost
simultaneously, cause any electrical change, then,
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similar changes taking place at both points, and there
being thus no relative difference between the two, the
galvanometer will still indicate no current. This null-
effect is due to the balancing action of B as against A.
(See fig. 2, a.) )
Conditions for obtaining electric response.—If then
we wish to detect the response by means of the galvano-
meter, one means of doing so will lie in the abolition of
this balance, which may be accomplished by making
one of the two points, say B, more or less permanently

Fis. 2.—Erecrnic Metaonr oF DETEcTING NERVE REsronse

(e} Iso-electric contacts; no earrent in the galvanometer,
() The end B injured ; current of injury from B te A: stimulation gives rise to
an action current from A to B.

{r) Non-polarisable electrode.
irresponsive. In that case, stimulus will cause greater
electrical disturbance at the more responsive point,
say A, and this will be shown by the galvanometer as a
current of response. To make B less responsive we
may injure it by means of a cross-sectional cut, a burn,

or the action of strong chemical reagents.

Current of injury.—We shall revert to the subject of
electric response; meanwhile it is necessary to say a few
words regarding the electric disturbance caused by the injury
itself. Since the physico-chemical conditions of the uninjured
A and the injured B are now no longer the same, it follows
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that their electric conditions have also become different.
They are no longer iso-electric. There is thus a more or less
permanent or resting difference of electric potential between
them. A eurrent—the current of injury—is found to flow
i the merve, from the injured to the uminjured, and in the
galvanometer, through the electrolytic contacts from the
uninjured to the injured. As long as there is no further dis-
turbance this current of injury remains approximately con-
stant, and is therefore sometimes known as ‘the current of
rest’ (fig. 2, b).

A piece of living tissue, unequally injured at the two ends,
is thus seen to act like a voltaic element, comparable to a
copper and zine couple. As some confusion has arisen, on the
question of whether the injured end is like the zine or copper
in such a combination, it will perhaps be well to enter upon
this subject in detail.

If we take two rods, of zine and copper respectively, in
metallic contact, and further, if the points A and B are con-
nected by a strip of eloth s moistened with salt solution, it
will be seen that we have a complete voltaic element. A
current will now flow from B to A in the metal (fig. 3, @) and
from A to B through the electrolyte s. Or instead of connect-
ing A and B by a single strip of cloth s, we may connect them by
two strips s s°, leading to non-polarisable electrodes E E’, The
current will then be found just the same as before, i.e. from
B to A in the metallic part, and from A through s s’ to B, the
wire W being interposed, as it were, in the electrolytic part of the
cireuit. If now a galvanometer be interposed at 0, the current
will flow from B to A through the galvanometer, i.e. from right
to left. DBut if we interpose the galvanometer in the electro-
lytic part of the cireuit, that is to say, at w, the same current
will appear to flow in the opposite direction. In fig. 8, ¢, the
galvanometer is so interposed, and in this case it is to be
noticed that when the current in the galvanometer flows from
left to right, the metal connected to the left is zinc.

Compare fig. 3, d, where A B is a piece of nerve of which
the B end is injured. The current in the galvanometer
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through the non-polarisable electrode is from left to right.
The uninjured end is therefore comparable to the zine in a
voltaie cell (is zincoid), the injured being copper-like or
cuproid.'

If the electrical condition of, say, zine in the voltaic couple
(fig. 3, ¢) undergo any change (and I shall show later that
this can be caused by molecular disturbance), then the exist-

1ing difference of potential between A and B will also undergo

variation. If for example the electrical condition of A
approach that of B, the potential difference will undergo a

Fia. 8.—Diacrax sHowixé THE COREESPONDENCE RETWEEN 1xJurEp (B) axp
UNINJURED (A) conTacTs I8 NERVE, a%p Cv axp Zx ¥ o Vorrarc ELEMESRT

Comparison of (¢) and (d) will show that the injured end of B in (d) corresponds
with the Cu in (c).
diminution, and the current hitherto flowing in the ecireuit
will, as a consequence, display a diminution, or negative
variation.

Action current.—We have seen that a current of
injury—sometimes known as ¢ current of rest '—flows
in a nerve from the injured to the uninjured, and that
the injured B 1s then less exeitable than the uninjured
A. If now the nerve be excited, there being a greater

' In some physiological text-books much wrong inference has been
made, based on the supposition that the injured end is zine-like.
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effect produced at A, the existing diflerence of
potential may thus be reduced, with a consequent
diminution of the current of injury. During stimula-
tion, therefore, a nerve exhibits a negative variation.
We may express this in a different way by saying
that a *current of action’ was produced in response
to stimulus, and acted in an opposite direction to
the current of injury (fig. 2, 4). The action current
in the nerve is from the relatively more excited to the
relatively less excited.

Difficulties of present nomenclature.—We shall deal
later with a method by which a responsive current of action
18 obtained without any antecedent current of injury. * Nega-
tive variation * has then no meaning. Or, again, a current of
injury may sometimes undergo a change of direction (see note,
p. 12). In view of these considerations it is necessary to
have at our disposal other forms of expression by which the
direction of the current of response can still be designated.
Keeping in touch with the old phraseology, we might then
call a current ‘negative’ that flowed from the more excited
to the less excited. Or, bearing in mind the fact that an
uninjured contact acts as the zinc in a voltaic couple, we
might call it ‘zincoid,” and the injured contact *cuproid.’
Stimulation of the uninjured end, approximating it to the
condition of the injured, might then be said to induce a
cuproid change.

The electric change produced in a normal nerve by stimu-
lation may therefore be expressed by saying that there has been
a negative variation, or that there was a current of action
from the more excited to the less excited, or that stimulation
has produced a cuproid change.

The excitation, or molecular disturbance, produced
by a stimulus has thus a concomitant electrical expres-
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sion.  As- the excitatory state disappears with the
return of the excitable tissue to its original condition,
the current of action will gradually disappear.! The
movement of the galvanometer needle during excita-
tion of the tissue thus indicates a molecular upset by
the stimulus; and the gradual creeping back of the
galvanometer deflection exhibits a molecular recovery.

This transitory electrical variation constitutes the
‘ response, and its intensity varies according to that of
the stimulus,

- Electric recorder.—We have thus a method of
obtaining curves of response electrically. After all,
it 1s not essentially very different from the mechanical
method. In this case we use a magnetic lever (fig. 4, a),
the needle of the galvanometer. which is deflected
by the electromagnetic pull of the current, generated
under the action of stimulus, just as the mechanical
lever was deflected by the mechanical pull of the
muscle contracting under stimulus.

The accompanying diagram (fig. 4, ) shows how,

' ¢ The exciting cause is able to produce a particular molecular rearrange-
ment in the nerve ; this constitutes the state of excitation and is accompanied
by local electrical changes ss an ascertained physical concomitant.’

¢ The excitatory state evoked by stimulus manifestz itself in nerve fibres
by E.L changes, and as far as our present knowledge goes by these only.
The coneeption of such an exeitable living tissue as nerve implies that of
a molecular state which is in stable equilibrium. This equilibrium can be
readily upset by an external ageney, the stimulus, but the term * stable ”
expresses the fact that a change in any direction must be succeeded by one
of opposite character, this being the return of the living structure to its
previous state, Thus the electrical manifestation of the excitatory state is
one whose duration depends upon the time during which the external agent
is able to upset and retain in a new poise the living equilibrium, and if this
is extremely brief, then the recoil of the tissue canses such manifestation to
be itzelf of very short duration.’— Tevt-book of Physiology, ed. by Schiifer,
ii. 453,
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under the action of stimulus, the current of rest
undergoes a transitory diminution, and how on the
cessation of stimulus there is gradual recovery of the
tissue, as exhibited in the return of the galvanometer
needle to its original position.

Two types of

response — positive o
and negative, — It /;i!.w’_‘_{ adl
may here be added [

that though stimu-
lus in general pro-

duces a diminution (&)

of current of rest, B D
or a negative varia-

tion (e.g. muscles o— ©

and nerves), yet, i «— Current o roee

2 — 3 Current of action
certain cases, there
. » Fio., 4—Erecrric RECORDER
1 1 1Nc¢reas or T
Ao 5 (@) M muscle; A uninjured, B injured ends. EE’

1t1v rariati non-polarising electrodes connecting A and
pnmtne variation. B with galvanometer G. Stimulos produces

TE e @ 3 & *negative variation ' of corvent of rest. Index
Thisis seeninthe re connected with galvanometer needle records
i : . curve on travelling paper (in practice, moving
E:l)ﬁ]]&ﬁ ﬂf the retina galvanometer spot of light traces corve on
L . photographic plate). Rising part of curve

to llf—flit ﬂga'lni a shows effect of stimulus; 5ﬁﬂﬂudiﬁg part,

. 1 # .1 FeCOveTryY.
t1s8ue WwWhichh TOI- (4) O is the zero position of the galvanometer ;
. injury produoces a deflection A B; stimnlus
mally gives a nega- diminishes this deflection to C; €D is the
- - - TEEOvery.
tive variation may
undergo molecular changes, after which it gives a positive
rariation. Thus Dr. Waller finds that whereas fresh
nerve always gives negative variation, stale nerve some-
times gives positive ; and that retina, which when
fresh gives positive, when stale, exhibits negative

variation.
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The following is a tabular statement of the two
types of response :

I. Negative variation.—Action current from more
excited to less excited—cuproid change in the excited—
e.g. fresh muscle and nerve, stale retina.

IL. Positive variation.—Action current from less
excited to more excited—zincoid change in the excited
—e.g. stale nerve, fresh retina.!

From this it will be seen that it is the fact of the
electrical response of living substances to stimulus that
is of essential importance, the sign plus or minus being
a minor consideration.

Universal applicability of the electrical mode of
response.— L'his mode of obtaining electrical response is
applicable to all living tissues, and in cases like that of
muscle, where mechanical response is also available, it
1s found that the electrical and mechanical records are

practically identieal. -
~ The two response-curves seen in the accompanying
diagram (fig. 5), and taken from the same muscle by the
two methods simultaneously, clearly exhibit this. Thus
we see that electrical response can not only take the
place of the mechanical record, but has the further

' I ghall here mention briefly one complication that might arise from
regarding the current of injury as the current of reference, and designating
the response current either positive or negative in relation to it. If this
eurrent of injury remained always invariable in direction—that iz to say,
from the injured to the uninjured—there would be no source of uncertainty.
But it is often found, for example in the retina, that the eurrent of injury
undergoes a reversal, or is reversed from the beginning. That is to say,
the direction iz now from the uninjured to the injured, instead of the
opposite.  Confusion is thus very apt to arise. No such misunderstanding
can however oceur if we call the current of response towards the more
excited positive, and towards the less excited negative.
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advantage of being applicable in cases where the latter
cannot be used.

Electrical response: A measure of physiological
activity.— These electrical changes are regarded as
physiological, or characteristic of living tissue, for any
conditions which enhance physiological activity also,
pari passu, increase their intensity. Again, when the
tissue is killed by poison, electrical response disappears,
the tissue passing into an irre-
sponsive condition. Angesthetics, M
like chloroform, gradually di-
minish, and finally altogether
abolish, electrical response.

From these observed facts—
that living tissue gives response
while a tissue that has been
killed does not—it is concluded
that the phenomenon of re-

spolise 18 I}Eﬂllliﬂ.l' to lh’iﬂg OI Fi6. 5.—Smmvrraxeovs Reconp
: e 1M . oF THE MrcHaxican (M) axp
oAnlsms. e onse pheno- (M)

Bt I'h resp € pue (E) Erectricarn REsPoNsEs oF

mena that we have beenstudying ™= }MES'-"'-E or Frog. (WaL-
: i LER.

are therefore considered as due
to some unknown, super-physical ¢ vital* force and are
thus relegated to a region beyond physical inquiry.

L ¢ The Electrical Sign of Life . . . Anisolated muscle gives sign of life
by contracting when stimulated. . . . An ordinary nerve, normally con-
nected with its terminal organs, gives sign of life by means of muscle,
which by direct or reflex Im‘rh is et in motion when the merve trunk is
stimulated. DBut such nerve separated from its natural termini, isolated
from the rest of the organism, gives no =ign of life when excited, either in
the shape of chemical or of thermic changes, and it is only by means of an
electrical change that we can ascertain whether or no it is alive . . . The
most general and most delicate sign of life isthen the electrical response.’—
Waller, in Brain, pp. 3 and 4, Spring 1900,
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It may, however, be that this limitation is not justi-
fied, and surely, at least until we have explored the
whole range of physical action, it cannot be asserted
definitely that a particular class of phenomena is by its
very nature outside that category.

Electric response in plants,—DBut before we proceed
to the inquiry as to whether these responses are or are
not due to some physical property of matter, and are to
be met with even in inorganic substances, it will perhaps
be advisable to see whether they are not paralleled by
phenomena in the transitional world of plants. We
shall thus pass from a study of response in highly com-
plex animal tissues to those given under simpler vital
conditions. )

Electric response has been found by Munak, Burdon-
Sanderson, and others to occur in sensitive plants. But
it would be interesting to know whether these responses
were confined to plants which exhibit such remarkable
mechanical movements, and whether they could not
also be obtained from ordinary plants where visible
movements are completely absent. In this connection,
Kunkel observed electrical changes in association with
the injury or flexion of stems of ordinary plants.! My
own attempt, however, was directed, not towards the
obtaining of a mere qualitative response, but rather to
the determination of whether throughout the whole
range of response phenomena a parallelism between
animal and vegetable could be detected. That is to

' Kunkel thought the electric disturbance to be due to movement of
water through the tissue. Tt will be shown that this explanation is in-
adequate.
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say, I desired to know, with regard to plants, what was
the relation between intensity of stimulus and the cor-
responding response; what were the effects of super-
position of stimuli; whether fatigue was present, and
in what manner it influenced response ; what were
the eflects of extremes of temperature on the response ;
and, lastly, if chemical reagents could exercise any in-
fluence in the modification of plant response, as stimu-
lating, anesthetic, and poisonous drugs have been found
to do with nerve and muscle.

If it could be proved that the electric response
served as a faithful index of the physiological activity
of plants, it would then be possible successfully to
attack many problems in plant physiology, the solution
of which at present offers many experimental difficul-
ties.

With animal tissues, experiments have to be carried
on under many great and unavoidable difficulties. The
isolated tissue, for example, is subject to unknown
changes inseparable from the rapid approach of death.
Plants, however, offer a great advantage in this respect,
for they maintain their vitality unimpaired during a
very great length of time,

In animal tissues, again, the vital conditions them-
selves are highly complex. Those essential factors
which modify response can, therefore, be better deter-
mined under the simpler conditions which obtain in
vegetable life.

In the succeeding chapters it will be shown that the
response phenomena are exhibited not only by plants
but by inorganic substances as well, and that the
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responses are modified by various conditions in exactly
the same manner as those of animal tissues. In order
to show how striking are these similarities, I shall for
comparison place side by side the responses of animal
tissues and those I have obtained with plants and
inorganie substances. For the electric response in
animal tissues, I shall take the latest and most complete
examples from the records made by Dr. Waller.

But before we can obtain satisfactory and eonelusive
results regarding plant response, many experimental
difficulties will have to be surmounted. T shall now
deseribe how this has been accomplished.'

! My assistant Mr. J. Bull has rendered me very efficient help in these
experiments,
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CHAPTER III

ELECTRIC RESPONSE IN PLANTS—METHOD OF

NEGATIVE YVARIATION

Negative variation—Response recorder—Photographic recorder—(Compen-
sator—Means of graduating intensity of stimulus—Spring-tapper and
torsional vibrator—Intensity of stimulus dependent on damplitude of
vibration—Effectiveness of stimulus dependent on rapidity also.

I smavny first proceed to show that an electric response

is evoked in plants under stimulation.'

In experiments for the exhibition of electric response
it is preferable to use a non-electrical form of stimulus,
for there is then a certainty that the observed response
is entirely due to reaction from stimulus, and not, as
might be the case with electric stimulus, to mere escape
of stimulating current through the tissue. For this
reason, the mechanical form of stimulation is the most
suitable.

I find that all parts of the living plant give electric
response to a greater or less extent. Some, however,
give stronger response than others. In favourable
cases, we may have an E.M. variation as high as -1 volt.

' A preliminary account of Electric Response in Plants was given at
the end of my paper on ¢ Electric Response of Inorganic Substances * read
before the Royal Society on June 6, 1901 ; also at the Friday Evening
Dizcourse, Royal Institution, May 10, 1801. A more complete account iz
given in my paper on ‘Electric Response in Ordinary Plants under
Mechanical Stimulus * read before the Linnean Society March 20, 1902.

I thank the Royal Society and the Linmean Society for permission to
reproduce some of my diagrams published in their Proceedings.—J. C. B.

C
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It must however be remembered that the response, being
a function of physiological activity of the plant, is liable
to undergo changes at different seasons of the year.
Each plant has its particular season of maximum
responsiveness.  The leaf-stalk of horse-chestnut, for
example, exhibits fairly strong response in gpring and
summer, but on the approach of autumn it undergoes
diminution. I give here a list of specimens which will
be found to exhibit fairly good response :

Root.—Carrot (Daucus Carota), radish (Raphanus
sativus).

Stem.-—Geranium ( Pelargonium), vine ( Vitis vinifera).

Leaf-stalk,—Horse-chestnut (. Fseulus Hippocas-
tanum), turnip (Brassica Napus), cauliflower (Brassica
oleracea), celery (Apium graveolens), Eucharis lily
(Eucharis amazonica),

Flower-stalk,—Arum lily (Richardia africana).

Fruit.—Egg-plant (Selanum Melongena).

Negative variation.—Taking the leaf-stalk of turnip
we kill an area on its surface, say B, by the application
of a few drops of strong potash, the area at A being
left uninjured. A current is now observed to flow, in
the stalk, from the injured B to the uninjured A, as
was found to be the case in the animal tissue. The
potential difference depends on the condition of the
plant, and the season m which it may have been
gathered. In the experiment here described (fig. 6, a)
its value was *13 volt.

A sharp tap was now given to the stalk, and
a sudden diminution, or negative variation, of cur-
rent occurred, the resting potential difference heing
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decreased by ‘026 volt. A second and stronger tap
produced a second response, causing a greater diminu-
tion of P.D. by ‘047 volt (fig. 6, #). The accompanying
figure is a photographic record of another set of response-
curves (fig. 7). The first three responses are for a given
intensity of stimulus, and the next six in response to
stimulus nearly twice as strong. P

It will be noticed that fatigue is
exhibited mn these responses. Other

b il

Cirrent of fujury
il

B
*+—— Charrent o dngiary
Sl

m— acflion current

Fia. 6.—(a) Exreriiext ror EXAIBITING Eircrnic Respoxse 1N Praxrs
eY Merson or Necarive Variarion. (b) Responses 1y Luar-sTALK
oF Torxie 1o STivvrr or Two Svocessive Tars, THE SECOND BEING
BTRONGER.

A and B contacts are about 2 em. apart, B being injured. Plant is stimulated
by & tap between A and B. Stimulus acts on both A and B, but owing to
injury of B, effect at A is stronger and a negative variation due to differen-
tial action occurs,

experiments will be described in the next chapter which
show conclusively that the response was not due to any
accidental circumstance but was a direct result of
stimulation. But I shall first discuss the experimental
arrangements and method of obtaining these graphic
records.

Response recorder.—The galvanometer used is a
sensitive dead-beat I’Arsonval. The period of complete
swing of the coil under experimental conditions is about
11 seconds. A current of 10 ampere produces a

¢ 2
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deflection of 1 mm. at a distance of 1 metre. For a
quick and accurate method of obtaining the records, I
devised the following form of response recorder. The
curves are obtained directly, by tracing the excursion of
the galvanometer spot of light on a revolving drum
(fig. 8). The drum, on which is wrapped the paper for
receiving the record, is driven by clockwork. Different
speeds of revolution can be given to it by adjustment of

Fia. 7.—Reconp oF Resroxses N Praxt (LEaP-8TALKE oF CAULIFLOWER)
BY MEeTson oF NEGATIVE VARIATION

The first three records are for stimuolus intensity 1; the next six are for in
tenaity twice as sbrong; the sueccessive responses exhibit fatigne. The
vertical line to the left represents ‘1 volt. The record 15 to be read from
right to laft.

the clock-governor, or by changing the size of the driving-
wheel. The galvanometer spot is thrown down on
the drum by the inclined mirror M. The galvanometer
deflection takes place at right angles to the motion of the
paper. A stylographic pen attached to a carrier rests on
the writing surface. The carrier slides over arod parallel
to the drum. As has been said before, the galvano-
meter deflection takes place parallel to the drum, and
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as long as the plant rests unstimulated, the pen, remain-
ing coincident with the stationary galvanometer spot
on the revolving paper, describes a straight line. If, on
stimulation, we trace the resulting excursion of the spot
of light, by moving the carrier which holds the pen, the
rising portion of the response-curve will be obtained.
The galvanometer spot will then return more or less
gradually to its original position, and that part of the
curve which is traced during the proeess constitutes the
recovery. The

ordinate in these

i

curves  repre- %=
sents the E.M.
variation, and
the abscissa the
time.

We can cali-

brate the value

of the deflection
]J:,r Elp]}].}'illri;{‘ i Fi6. 8.—Resroxse RECORDER
known E.M.F. to the circuit from a compensator, and
noting the deflection which results. The speed of the
cloek is previously adjusted so that the recording surface
movesexactly through, say, one inch a minute. Of course
this speed can be inereased to suit the particular experi-
ment, and in some it is as high as six inches a minute.
In this simple manner very accurate records may be
made. It has the additional advantage that one is able at
once to see whether the specimen is suitable for the pur-
pose of investigation., A large number of records might
be taken by this means in a comparatively short time,
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Photographic recorder.—Ur the records may be
made photographically. A clockwork arrangement
moves a photographic plate at a known uniform rate,
and a curveis traced on the plate by the moving spot of
light. All the records that will be given are accurate
reproductions of those obtained by one of these two
methods.  Photographic records are reproduced in
white against a black background.

Compensator,—As the responses are on variation of
current of injury, and as the current of injury may be
strong, and throw the
spot of light beyond
the recording surface,
a potentiometer ba-
lancing arrangement

may be used (fig. 9),
by which the P.D.due

Fig. 9.—TEE CoMPENSATOR to i“j nrv iE exactl y
A B is a stretched wire with added resistances R ..
and B. B isa storage cell. When the key ttflll’l]_]&llﬂ&t&[l . E}J
K is turned to the right one scale division= 1 1
‘001 volt, when turned to the left one scale variations roilneed
division="01 volt. P is the plant. I Ve

by stimulus are then
taken in the usual manner. This compensating arrange-
ment is also helpful, as has been said before, for
calibrating the E.M. value of the deflection.

Means of graduating the intensity of stimulus,—One of
the necessities in connection with gquantitative measure-
ments is to be certain that the intensity of successive
stimuli 1s (1) constant, or (2) capable of gradual increase
by known amounts. No two taps given by the hand
can be made exactly alike. I have therefore devised
the two following methods of stimulation, which have
been found to act satisfactorily.
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The spring-tapper.—This consists (fiz. 10) of the
spring proper (8), the attached rod (r) carrying at its
end the tapping-head (1). A projecting rod—the lifter
(L)—passes through s r. It 1s provided with a screw-
thread, by means of which its length, projecting down-
wards, is regulated. This fact, as we shall see, is made
to determine the height of the stroke. (c)is a cogwheel.
As one of the spokes of the cogwheel is rotated past
(L), the spring is lifted and released, and (1) delivers a
sharp tap. The height of the lift, and therefore the
intensity of the stroke, is measured by means of a

15

_5 __.ﬂ_%;

C
e

Fro. 10.—THE SPRING-TAPPER

graduated scale,. We can increase the intensity of
the stroke through a wide range (1) by increasing the
projecting length of the lifter, and (2) by shortening
the length of spring by a sliding catch. We may
aive 1solated single taps or superpose a series in rapid
succession according as the wheel is rotated slow or
fast. The only disadvantage of the tapping method of
stimulation is that in long-continued experiment the
point struck is liable to be injured. The vibrational
mode of stimulation to be presently deseribed labours
under no such disadvantage.



24 RESPONSE IN THE LIVING AND NON-LIVING

The electric tapper.—Instead of the simple mechanical
tapper, an electromagnetic tapper may be used.

Vibrational stimulus.—I find that torsional vibration
aflords another very eflective method of stimulation
(fig. 11). The plant-stalk may be fixed in a vice (v), the
free ends being held in tubes (c ¢), provided with three
clamping jaws. A rapid torsional vibration! may now
be imparted to the stalk by means of the handle (n).
The amplitude of wvibration, which determines the
mtensity of stimulus, can be accurately measured by

@ b/

Fia. 11.—TaE Tonrstoxarn VIBRATOR

Plant P is securely held by a vice V. The two ends are clamped by holders
CC'. By means of handles H H', torsional vibration may be imparted to
either the end A or end B of the plant. The end view (&) shows how the
amplitnde of vibration is predetermined by means of movable stops 8 8.

the graduated circle. The amplitude of vibration may
be predetermined by means of the shiding stops (s &).
Intensity of stimulus dependent on amplitude of
vibration.—I shall now describe an experiment which
shows that torsional vibration 1s as eflective as stimula-
tion by taps, and that its stimulating intensity increases,
length of stalk being constant, with amplitude of

! By this is meant a rapid to-and-fro or complete vibration. In order
that successive responses should be uniform it is essential that there should
be no resultant twist, i.e. the plant at the end of vibration should be in
exactly the same condition as at the beginning.
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vibration. It is of course obvious that if the length
of the specimen be doubled, the vibration, in order
to produce the same effect, must be through twice the
angle. I took a leaf-stalk of turnip and fixed it in the
torsional vibrator. T then took record of responses to
two successive taps, the intensity of one being nearly
double that of the other. Having done this, I applied
to the same stalk two successive torsional vibrations of
45” and 67° respectively. These successive responses

5 b & o
H 1 .
"‘"'_""-'.;
-f- ' F '\.n--...n.n...l. =
i A (=]
L
$)3 J
ol s
B
I‘l'
I3
5
o Fra. 12.—BEsroxsE 1IN Praxt 1o MecHazmican, Tar ok VIBRATION
The end B is injured. A tap was given between A and B and this
gave the response-curve a. A stronger tap gave the response b.
By means of the handle H, o torsional vibration of 45° was now
=] imparted, this gave the responge o,  Vibration through 67° gave d.

to taps and torsional vibrations are given in fig. 12,
and from them it will be seen that these two modes
of stimulation may be used indifferently, with equal
effect. The vibrational method has the advantage over
tapping, that, while with the latter the stimulus is
somewhat localised, with vibration the tissue subjected
to stimulus i1s uniformly stimulated throughout its
length.

Effectiveness of stimulus dependent on rapidity also.
In order that successive stimuli may be equally eflective
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another point has to be borne in mind. In all cases of
stimulation of living tissue it is found that the effective-
ness of a stimulus to arouse response depends on the
rapidity of the onset of the disturbance. It is thus
found that the stimulus of the * break ™ induction shoek,
on a muscle for example, is more eflective, by reason
of its greater rapidity, than the
“make’ shock. So also with the
torsional vibrations of plants, I find
response depending on the quickness
with which the vibration is effected.
@« b ¢ d 1 give below records of successive
# L] L) L] - -
Fre. 18—Isrnesne: Stimuli, given by vibrations through
0F SUDDEXNESS ON : ; g =
e Evsroney op the same amplitude, but delivered
G with increasing rapidity (fig. 13).
The curves a, b, ¢, d, are : : T .
responses to vibra- Thus if we wish to maintain the

tions of the same : 4 : 2
amplitude, 80% In E‘ﬂbftl?ﬂ lllt-Bl'lElt}' of stimulus con-

a the vibration was

very slow; in b it gtant we must meet two conditions:

wis less slow ) it was

rapid in ¢, and very (1) The amplitude of vibration must
rapid in d.

be kept the same. This is done by
means of the graduated circle. (2) The vibration period
must be kept the same. With a little practice, this
requirement is easily fulfilled.

The uniformity of stimulation which is thus attained
solves the great difficulty of obtaining reliable guan-
titative values, by whose means alone can rigorous
demonstration of the phenomena we are studying
become possible.
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CHAPTER IV
ELECTRIC RESPONSE IN PLANTS—BEOCK METHOD

Method of block—Advantages of block method—FPlant response a physio-
logical phenomenon—Abolition of response by anmstheties and poisons
—Abolition of response when plant is killed by hot water.

I sHALL now proceed to describe another and inde-
pendent method which I devised for obtaining plant
response. It has the advantage of offering us a com-
plementary means of verifying the results found by the
method of negative variation. As it is also, in itself,
for reasons which will be shown later, a more perfect
mode of inquiry, it enables us to investigate problems
which would otherwise have been difficult to attempt.
When electrolytic contacts are made on the un-
injured surfaces of the stalk at A and B, the two points,
being practically similar in every way, are iso-electric,
and little or no current will flow in the galvanometer,
If now the whole stalk be uniformly stimulated, and
if both ends A and B be equally excited at the same
moment, it is clear that there will still be no responsive
current, owing to balancing action at the two ends.
This difficulty as regards the obtaining of response was
overcome in the method of negative variation, where
the excitability of one end was depressed by chemical
reagents or injury, or abolished by excessive tempera-
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ture. On stimulating the stalk there was produced a
oreater excitation at A than at B, and a current of
action was then observed to flow in the stalk from the
more excited A to the less excited B (fig. 6).

But we can cause this differential action to become
evident by another means. For example, if we produce
a block, by clamping at € between A and B (fig. 14, a),
so that the disturbance

) (k)
A made at A by tapping or
T vibrationis prevented from
|

I. | reaching B, we shall then
LH #
_¢i;?:ig>— have A thrown into a rela-
B . .
tively greater excitatory
A v stimnlated—> condition than B. Tt will
Current of vesponse twhen
B4 sHimlatedies Y now be found that a cur-
Fre. 14.—Tne Merson or Brock rent of action flows in the

() The plaut is clamped at C, between A otqlle from A to B, that 18

(B) Hen omses oblained by alternately T g
s.t.llmll;al-mg the twoeends. Stimulation to &&}, frnm the EKBI[-Ed

:’f‘;‘; ﬁﬁﬁﬁdﬂ‘:ﬁﬂrﬂmf"““; B to the less excited. When
the B end 1s stimulated,
there will be a reverse current (fig. 14, b). "

We have in this method a great advantage over

Crrent af vesponge when (

that of negative variation, for we can always verify any
set of results by making corroborative reversal experi-
ments.

By the method of injury again, one end is made
initially abnormal, i.e. different from the condition
which it maintains when intact. Further, inevitable
changes will proceed unequally at the injured and
uninjured ends, and the conditions of the experiment
may thus undergo unknown variations. But by the
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block method which has just been described, there is
no injury, the plant is normal throughout, and any
physiological change (which in plants will be exceedingly

small during the time of the experi-
ment) will affect it as a whole.
Plant response a physiological or
vital response.—I now proceed to a
demonstration of the fact that what-
ever be the mechanism by which
they are brought about, these plant
responses are physiological in their
character. As the investigations
deseribed in the next few chapters
will show, they furnish an accurate
index of physiological activity. For
it will be found that, other things
being equal, whatever tends to exalt
or depress the vitality of the plant
tends also to increase or diminish
its electric response. These E.M.
effects are well marked, and attain
considerable value, rising sometimes,
as has been said before, to as much
as ‘1 volt or more. They are pro-
portional to the intensity of stimulus.
It need hardly be added that
special precautions are taken to
avoid shifting of contacts. Variation

Fic. 15.—HEesroxse I

Praxr (FroM  THE
STIMULATED A To Ux-
STIMULATED B) com-
FLETELY IMMERSED
UNDER WATER

The leaf-stalk is clamped

securely in the middle
with the cork C, inside
the tube T, which is
filled with water, the
plant being completely
immersed. Mostened
threads in conmection
with the two non-polar-
isable electrodes are
led to the side tubes
tt. One end of the
stalk is held in ebonite
forceps and vibrated.
A currentof response is
fonnd to flow in the
stalk from the excited
A to the umnexcited B,
and outside, through
the liguid, from B to A.
A portion of this cur.
rent, flowing through
the side tubes {{', pro-
duces deflection in the
salvanometer.

of contact, however, could not in any case account for
repeated transient responses to repeated stimuli, when

contact 18 made on 1so-electric surfaces.

Nor could it



30 RESPONSE IN THE LIVING AND NON-LIVING

in any way explain the reversible nature of these
responses, when A and B are stimulated alternately.
These responses are obtained in the plants even when
completely immersed in water, as in the experimental
arrangement (fie. 15). It will be seen that in this
case, where there could be no possibility of shifting of
contact, or variation of surface, there is still the usual
current of response.

I shall describe here a few crucial experiments only,
in proof of the physiological character of electric
response. The test applied by physiologists, in order
to discriminate as to the physiological nature of re-
sponse, consists in finding out whether the response is
diminished or abolished by the action of anssthetics,
poisons, and excessively high temperature, which are
known to depress or destroy vitality.

I shall therefore apply these same tests to plant
responses,

Effect of an®sthetics and poisons,—Ordinary anes-
theties, like chloroform, and poisons, like mercuric
chloride, are known to produce a profound depression
or abolish all signs of response in the living tissue.
For the purpose of experiment, I took two groups of
stalks, with leaves attached, exactly similar to each
other in every respect. In order that the leaf-stalks
might absorb chloroform I dipped their cut ends in
chloroform-water, a certain amount of which they
absorbed, the process being helped by the transpira-
tion from the leaves. The second group of stalks was
placed simply in water, in order to serve for control
experiment. The narcotic action of chloroform, finally
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culminating in death, soon became visually evident.
The leaves began to droop, a peculiar death-discoloura-
tion began to spread from the mid rib along the
venation of the leaves. Another peculiarity was also
observed. The aphides feeding on the leaves died even
before the appearance of the discoloured patches,
whereas on the leaves of the stalks placed in water
these little creatures maintained their accustomed acti-
vity, nor did any discolouration occur. In order to
study the effect of poison, another set was placed in
water containing a small quantity of mereuric chloride.
The leaves here underwent the same change of appear-
ance, and the aphides met with the same untimely fate,
as in the case of those subjected to the action of
chloroform. There was hardly any visible change in
the appearance of the stalks themselves, which were to
all outer seeming as living as ever, indications of death
being apparent only on the leaf surfaces. T give below
the results of several sets of experiments, from which it
would appear that whereas there was strong normal
response in the group of stalks kept in water, there was
practically a total abolition of all response in those
angesthetised or poisoned.

Experiments on the effect of anasthetics and poisons.
A batch of ten leaf-stalks of plane-tree was placed with
the cut ends in water, and leaves in air; an equal
number was immersed in chloroform-water; a third batch
was placed in 5 per cent. solution of mercuric chloride,

Similarly a batch of three horse-chestnut leaf-stalks
was put in water, another batch in chloroform-water,
and a third batch in mercuric chloride solution,
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I. LEAF-5TALE OF PLANE-TREE

The stimulus applied was a single vibration of 90°,

A. After 24 hours in water | B. After 24 hours in = C. After 24 hours in mer-
chloroform-water [ eurie ehloride

[All leaves standing up [Leaves began to |[Leaves began to droop
and fresh — np’lﬁdes droop in 1 hourand in 4 hours. Deep dis-

alive] bent overin 3 hours colouration along the
—aphides dead | veins,  Aphides dead]
Electric responsc Electric responss Electric reaponze
(D Bidne .+ ] sl dn (1):...20  dn.
(oY BF . o (2)...... 25,
:_3{.,....26 s o O (8% 25
(4)...... 15 ) I LI (4})......0 .
i) A e U T THE R R 25
(6)......28 ,, [8)iss 16 , (6] B
ol 8-, i (i) e 0 -
(6097 e (R L % .
(9).....29 |, (el @)...... 95 .
12 I 1T 4 (10)...... b (10)....x P
= | - e
Mean response 236 Mean 1 Mean 15

II. Leav-arark OF IoRSE-CHESTRUT

(1)......15 dns. AL TR 5 dn. 3 (1) ......0 dn.

(oY e T | (i

B 000 o R !I Y
Mean 14 Mean *3 | Mean 0

These results conelusively prove the physiological
nature of the response.

I shall in a succeeding chapter give a continuous
series of response-curves showing how, owing to pro-
gressive death from the action of poison, the responses
undergo steady diminution till they are completely
abolished.

Effect of high temperature.—It 1s well known that
plants are killed when subjected to high temperatures.
I took a stalk, and, using the block method, with torsional
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vibration as the stimulus, obtained strong responses at
both ends A and B. I then immersed the same stalk for
a short time in hot water at about 65° C., and again
stimulated it as before. But at neither A nor B could
any response now be evoked. As all the external con-
ditions were the same in the first and second parts of
this experiment, the only difference being that in one
the stalk was alive and in the other killed, we have
here further and conclusive proof of the physiological
character of electric response in plants.

The same facts may be demonstrated in a still more
striking manner by first obtaining two similar but
opposite responses in a fresh stalk, at A and B, and then
killing one half, say B, by immersing only that half of
the stalk in hot water. The stalk is replaced in the
apparatus, and it is now found that whereas the A half
oives strong response, the end B gives none.

In the experiments on negative variation, it was
tacitly assumed that the variation is due to a differential
action, stimulus producing a greater excitation at the
uninjured than at the injured end. The block method
enables us to test the correctness of this assumption.
The B end of the stalk is injured or killed by a few drops
of strong potash, the other end being uninjured. There
is a clamp between A and B. The end A is stimulated
and a strong response is obtained. The end B is now
stimulated, and there is little or no response. The
block is now removed and the plant stimulated through-
out its length, Though the stimulus now acts on both
ends, yet, owing to the irresponsive condition of B, there
is a resultant response, which from its direction is found

D
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CHAPTER V

PLANT RESPONSE—ON THE EFFECTS OF SINGLE STIMULUS
AND OF SUPERFOSED STIMULI

Effect of single stimulus— Superposition of stimuli — Additive effect—
Staircase effect—Fatigne—No fatigue when suflicient interval between
stimuli—Apparent fatigne when stimulation frequency is increased—
Fatigue under continuous stimulation.

Effect of single stimulus.—In a muscle a single
stimulus gives rise to a single twitch which may be re-
corded either mechanically or electrically. If there 1s
no fatigue, the successive responses to uniform stimuli
are exactly similar. Muscle when strongly stimulated
often exhibits fatigue, and successive responses therefore
become feebler and feebler. In nerves, however, there
1s practically no fatigune and successive records are
alike. Similarly, in plants, we shall find some exhibit-
ing marked fatigue and others very little.

Superposition of stimuli,—If instead of a single stimu-
lus a suecession of stimuli be superposed, it happens that
a second shock is received before recovery from the
first has taken place. Individual effects will then be-
come more or less fused. When the frequency is suffi-
ciently increased, the intermittent effects are fused, and
we find an almost unbroken curve. When for example
the muscle attains its maximum contraction (corre-
sponding to the frequency and strength of stimuli) it

D2
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1s thrown into a state of complete fetanus, in which it
appears to be held rigid. If the rapidity be not sufh-
cient for this, we have the jagged curve of incomplete
tetanus. If there is not much fatigue, the upper part

VAWM

Fi6. 16.—Uxiroryn Resroxses (Rapisu)

of the tetanic curve is approximately horizontal, but

in cases where fatigue sets in quickly, the fact is shown

by the rapid decline of the curve. With regard to all

these points we find strict parallels in plant response.

. In cases where there is

= (b) no faticue, the successive

responses are identical (fig.

16). With superposition

of stimuli we have fusion

Fi. 17.—Fustox or Ersrer or of effects, analogous to the

!‘T.-I:I:.I:.:....::-ILI.-;HT],HT.I: rL::trt[” tetanus of muscle (he. 17).

And lastly, the influence

of fatigue in plants is to produce a modification of

response-curve exactly similar to that of muscle (see

below). One effect of superposition of stimuli mav be
mentioned here, |
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Additive effect.—It is found in animal responses that
there 1s a minimum intensity of stimulus, below which
no response can be evoked. But even a sub-minimal

: stimulus will, though singly
ineflective, become effective
by the summation of seve-
ral. In plants, too, we
obtain a similar eflect, i.e.

e the summation of single
csom ! ineffective stimuli produces
Fie. 18.—Avprrive Errecr effective response (fig. 18).

{er) A single stimulns of 3% vibration - .
produced litile or no effect, but the Staircase effect.—Animal

same stimulus when rapidly super. : : e
posed thirty times, produced the t1Ssues sometimes exhibit
large effect (&), (Leaf-stalk of turnip.) :

what 18 known as the
“ staircase effect,” that is to say, the heights of successive
responses are gradually increased, though the stimuli
are maintained constant. This is exhibited typically
by cardiac muscle, though it is not unknown even in
nerve. The cause is obscure, but 1t
seems to depend on the condition
of the tissue. It appears as if the
molecular sluggishness of tissue were
in these cases only gradually removed
under stimulation, and the 1nereased
eflects were due to ncreased mole-
cular mobility. Whatever be the

explanation, I have sometimes ob-

Fia. 19.—* STAIRCASE

served the same staircase effect in  “prpor’ o Prast

plants (fig. 19).

Fatigue.—It is assumed that in living substances
like muscle, fatigue is caused by the break down or
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dissimilation of tissue by stimulus. And till this waste
18 repaired by the process of building-up or assimilation,
the functional activity of the tissue will remain below
par. There may also be an accumulation of the
products of dissimilation—*the fatigne stuffs’—and
these latter may act as poisons or chemical depressants.

In an animal it is supposed that the nutritive blood
supply performs the two-fold task of bringing material
for assimilation and removing the fatigue products,
thus causing the disappearance of fatigne. This ex-
planation, however, is shown to be insufficient by the
fact that an excised bloodless muscle recovers from
fatigue after a short period of rest. It is obvious that
here the fatigue has been removed by means other than
that of renewed assimilation and removal of fatigue
products by the circulating blood. It may therefore
be instructive to study certain phases of fatigue
exhibited under simpler conditions in vegetable tissue,
where the constructive processes are in abeyance, and
there 1s no active circulation for the removal of fatigue
produets.

It has been said before that the E.M. variation caused
by stimulus 18 the concomitant of a disturbance of the
molecules of the responsive tissues from their normal
equilibrium, and that the curve of recovery exhibits
the restoration of the tissue to equilibrium.

No fatigue when sufficient interval between successive
stimuli—We may thus gather from a study of the
response-curve some indication of the molecular distor-
tion experienced by the excited tissue. Let us first
take the case of an experiment whose record is given
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in fig, 20, @. It will be seen from that curve that one
minute after the application of stimulus there 1s a
complete recovery of the tissue; the molecular con-
dition is exactly the same at the end of recovery as
in the beginning of stimulation. The second and sue-
ceeding response-curves therefore are exactly similar
to the first, provided a sufficient interval has been
allowed in each case for complete recovery. There is, in
such a ease, no diminution I intensity of response,
that 1s to say, uo
fatigue.

We have an exactly
parallel case inmuscles.
¢ In musele with normal
circulation and nitrition

f.n‘rn:}'.r’ .g'.';- .r.l'!'"f.r‘.frrl,.'.ﬁ' i f-nf‘r'r—

vl between each Jf.ll"-{{lf' of (a) () (¢)
: 72 . ,"f Frz. 20.—Recorp spowixG DIMINUTION oOF
,Qf‘j_””[_h i whieh  the Resronse waes Surriciest Tiae 18 xor
Arrowen For Foon ReEcoveny

hewght of tiwitch does not

In (a) stimuli were applied at intervals of one

rh:“”'”il?ﬂ eren 'ff;‘.- ()= minute; in () L]Jt'_iilh‘.l".'ﬂln were reduced to

J / half a minnte; this canged a diminution of
trciotee s oyl 1.0 y response. In () the original rhythm is re-
racted  excitati fy QT . stored, and the response 15 found o be en

H”lnl'llt'-!fifl&f"-ff ll'ff‘j'r-'{’ﬂ,j'_‘i_l 1 hanced. [(Badish.)

Apparent fatigue when stimulation frequency in-
creased.—If the rhythm of stimulation frequency be
now changed, and made quicker, certain remarkable
modifications will appear in the response-curves. In
fig. 20, the first part shows the responses at one minute
interval, by which time the individual recovery was
complete.

The rhythm was now changed to intervals of half

! Biedermann, Liectro-physiology, p. B6.
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a minute, instead of one, while the stimuli were
maintained at the same intensity as before. It will be
noticed (fig. 20, ) that these responses appear much
feebler than the first set, in spite of the equality of
stimulus, An inspection of the figure may perhaps
throw some light on the subject. It will be seen that
when greater frequency of stimulation was introduced,
the tissue had not yet had time to effect complete
recovery from previous strain. The molecular swing

towards equilibrium had not yet
1 abated, when the new stimulus, with
its opposing impulse, was received.
There is thus a diminution of height
in the resultant response. The origi-

k l\ nal rhythm of one minute was now
restored, and the succeeding curves

J (fig. 20, ¢) at once show increased
B Amamaue IN response. An analogous instance may

Vibration of 80° at inter- b€ cited in the case of muscle re-
vals of half a minute. . .
sponse, where ‘the height of twitch
diminishes more rapidly in proportion as the excitation
interval is shorter.”!

From what has just been said 1t would appear
that one of the causes of diminution of response, or
fatigue, is the residual strain. This is clearly seen
m fig. 21, in a record which I obtained with celery-
stalc. It will be noticed there that, owing to the
imperfect molecular recovery during the time allowed,
the succeeding heights of the responses have under-
gone a continuous diminution. Fig. 22 gives a

I Biedermann, loc. ett.
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photographic record of fatigue in the leaf-stalk of
cauliflower.

[t 1s evident that residual strain, other things being
equal, will be greater if the stimuli have
been excessive. This 1s well seen 1
fig. 23, where the set of first three
curves A 18 for stimulus intensity of 45°
vibration,and the second set B, with ans-
augmented response, for stimulus in-

tensity of 907 vibration. On reverting
: q - ; ; e i Fic. 22. — Farnave
In ¢ to stimunlus mtensity ot 47, the 1t LEAF-STALE OF

- : i CADLIFLOWER
responses are seen to have under- SR
Stimulns: 80°% vibration

gone a great diminution as compared . istervals of one
with the first set A. Here is seen
marked fatigue, the result of overstrain from excessive
stimulation.

If this fatigue be really due to residual strain effect,
then, as strain disappears with time, we may expect the

p 90" £
o 45 7
45 \{U\ 45
Qo
C o

A B

Fi1a. 23.—Errect ofF OvERsTRAIN IN PropucinG Fatiave

Successive stimuli applied at intervals of one minute. The intensity of

stimulus in C i the same as that of A, but respomse is feebler owing to

previous over-stimulation, Fatigue is to a great extent removed after

fifteen minutes' rest, and the responses in I} are stronger T]Lfl.il thoze in C.

The vertical line between arrows represents '05 volt. (Turnip leal-stalk.)
responses to regain their former height after a period
of rest. In order to verify this, therefore, I renewed the

stimulation (at intensity 45°) after fifteen minutes. It
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will at once be seen from record p how far the fatigue
had been removed.

One peculiarity that will be noticed in these curves
1s that, owing to the presence of comparatively little
residual strain, the first response of each set is rela-
tively large. The succeeding responses are approximately
equal where the residual strains are similar. The first
response of A shows this because it had had long
previous rest. The first of B shows it because we are
there passing for the first
time to increased stimula-
tion. The first of ¢ does
not show it, because there
i1s now a strong residual

strain. D again shows it

0z because the strain has been
removed by fifteen minutes’
rest.

L ds Fatigue under continuous

Fra. 24.—Rarip Famieve vsper Cox- stimulation.—The effect of
TINUOUS STIMULATION 1% (@) MuscLe;  fatioue 18 exhibited 1In
(b) 1x Lear-sTaLk o CELERY =

marked degree when a
tissue is subjected to continuous stimulation. In cases
where there is marked fatigue, as for instance in certain
muscles, the top of the tetanic eurve undergoes rapid
decline. A similar effect is obtained also with plants

(fig. 24).

The effect of rest in producing molecular recovery,
and hence in the removal of fatigue, is well illustrated
in the following set of photographic records (fig. 25).
The first shows the curve obtained with a fresh plant.
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The eflect 18 seen to be very |:11‘}_r1'. Two minutes were
allowed for recovery, and then stimulation was repeated
during another two minutes. The response in this case
is seen to be decidedly smaller. A third case 18 some-
what similar to the second. A period of rest of

five minutes was now allowed, and the curve obtained

Frc. 25.— Errect or ConTiNvous Viepation (THrRoucH 50°) 1y Carror

In the firet three records, two minntes® stimuolation is followed by two minutes’
recovery. The last record was taken after the specimen had a rest of five
minutes. The response, owing to removal of fatigue by rest, is stronger.

subsequently, owing to partial removal of residual
strain, is found to exhibit greater response.

The results thus arrived at, under the simple
conditions of vegetable life, free as they are from all
possible complications and uncertainties, may perhaps
throw some light on the obscure phenomena of fatigue

1 animal tigsues.



44 RESPONSE IN THE LIVING AND NON-LIVING

CHAPTER VI

PLANT RESPONSE

ON DIPHASIC VARIATION

Diphasic variation—Positive after-effect and positive response—
Radial E.M. variation.

WueN a plant is stimulated at any point, a mole-
cular disturbance—the excitatory wave—is propagated
outwards from the point of its initiation.

Diphasic wvariation.—This wave of molecular dis-
turbance 1s attended by a wave of electrical disturb-
ance. (Usually speaking, the electrical relation between
disturbed and less disturbed is that of copper to zinc.)
It takes some time for a disturbance to travel from
one point to another, and its intensity may undergo
a dimminution as 1t recedes further from its point of
origin. Suppose a disturbance originated at ©; 1f two
points are taken near each other, as A and B, the
disturbance will reach them almost at the same time,
and with the same intensity. The electric disturbance
will be the same in both. The effect produced at A
and B will balance each other and there will be no
resultant current.

By killing or otherwise reducing the sensibility of B
as is done in the method of injury, there is no response
at B, and we obtain the unbalanced response, due to
disturbance at A ; the same eflect is obtained by putting
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a clamp between A and B, so that the disturbance may
not reach B.  But we may get response even without
injury or block. If we have the contacts at A and B,
and if we give a tap nearer A than B (fig. 26, «), then
we have (1) the disturbance reaching A earlier than
B. (2) The disturbance reaching A is much stronger
than at B. The disturbance at B may be so comparatively
feeble as to be neglgible.

It will thus be seen that we might obtain responses
even without injury or block, in cases where the
disturbance is enfeebled in reaching a distant point.
In such a case on giving a tap near A a responsive
current would be produced in one direction, and in
the opposite direction when the tap 18 given near B
(fig. 26, b). Theoretically, then, we might find a
neutral point between A and B, so that, on originating
the disturbance there, the waves of disturbance would
reach A and B at the same instant and with the same
intensity. If, further, the rate of recovery be the same
for both points, then the electric disturbances produced
at A and B will continue to balance each other, and
the galvanometer will show no current. On taking a
cylindrical root of radish I have sometimes succeeded
in finding a neutral point, which, being disturbed, did
not give rise to any resultant current. But disturbing
a point to the right or to the left gave rise to opposite
currents.

It is, however, difficult to obtain an absolutely
cylindrical specimen, as it always tapers in one direction.
The conductivity towards the tip of the root is not
exactly the same as that in the ascending direction. Tt



46 RESPONSE IN THE LIVING AND NON-LIVING

is therefore difficult to fix an absolutely neutral point,
but a point may be found which approaches this very
nearly, and on stimulating the stalk near this, a very
interesting diphasic variation has been observed. In
aspecimen of cauliflower-stalk, (1) stimulus was applied
very much nearer A than B (the feeble disturbance
reaching B was negligible). The resulting response
was upward and the recovery took place in about sixty
seconds.

(@) A
oL

ANB

(6)
7 S

Vv

L

Fie. 26.-=Drarnasic Vanrarios

(2) Stimulus was next applied near B. The resulting
response was now downward (fig. 26, 4).

(8) The stimulus was now applied near the approxi-
mately neutral point N. In this case, owing to a slight
difference in the rates of propagation in the two direc-
tions, a very interesting diphasic variation was pro-
duced (fig. 26, ¢). From the record it will be seen
that the disturbance arrived earlier at A than at B.
This produced an upward response. But during the
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subsidence of the disturbance at A, the wave reached B.
The effect of this was to produce a current in the
opposite direction. This apparently hastened the
recovery of A (from 60 seconds to 12 seconds). The
excitation of A now disappeared, and the second phase
of response, that due to excitation of B, was fully
displayed.

Positive after-effect.—If we regard the response due
to excitation of A as negative, the later effect on B would
appear as a subsequent positive variation.

In the response of nerve, for example, where con-
tacts are made at two surfaces, injured and uninjured,
there is sometimes observed, first a negative variation,
and then a positive after-effect. This may sometimes
at least be due to the proximal uninjured contact first
giving the usual negative variation, and the more
distant contact of injury giving rise, later, to the
opposite, that is to say, apparently positive, response.
There is always a chance of an after-effect due to
this cause, unless (1) the injured end be completely
killed and rendered quite irresponsive, or (2) there
be an eflective block between A and B, so that the dis-
turbance due to stimulus can only act on one, and not
on the other.

I have found cases where, even when there was
a perfeet block, a positive after-effect occurred. Tt
would thus appear that if molecular distortion from
stimulus give rise to a negative variation, then during
the process of molecular recovery there may be over-
shooting of the equilibrium position, which may be
exhibited as a positive variation.
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Positive variation,—The responses given by muscle
or nerve are, normally speaking, negative. But that of
retina is positive. The sign of response, however, is apt
to be reversed if there be any molecular modification
of the tissue from changes of external circumstances.
Thus it is often found that nerve in a stale condition
oives positive, Instead of the normal negative variation,
and stale retina often gives negative, instead of the
usual positive.

Curiously enough, I have on many occasions found
exactly parallel mstances 1 the response of plants.

4 o

NAAAA {iH

J

Fia. 27.—Amxopvan PosiTive Resproxses 18 Stane Leav-stang oF Torzip
CONVERTED INTO NORMAL NEGATIVE TUNDER BTRONG STIMULATION

The relative intensities of stimnli in the two cases are in the ratio of 1 : 7.

Plants when fresh, as stated, give negative responses
as a rule. But when somewhat faded they sometimes
oive rise to positive response. Again, just as in the
modified nerve the abnormal positive response gives
place to the normal negative under strong and long-
continued stimulation, so also in the modified plant
the abnormal positive response passes into negative

! For general purposes it is immaterial whether the responses are re-
corded up or down. For convenience of inspection they are in general
recorded up. DButin cases where it is necessary to discriminate the sign
of response, positive response will be recorded up, and negative down.
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(fie. 27) under strong stimulation. I was able in some
cases to trace this process of :L"]‘.'Hlllél] reversal, }._'-.'
continuously increasing the intensity of stimulus. It
was then found that as the stimulus was increased, the
positive at a certain point underwent a reversal into
the normal t]l';':!['lx't- response *._.!'Ij_?'. 28).

The [ll:ml thus I:"n'c-.-: a reversed response under

abnormal conditions of staleness. I have sometimes

IFi, 98, —<Anxopaan Posirive PasaiNg INTo Nonval NEGATIVE IN o STl
SrECIMEY 0OF LEAF-3TALKE 0F CAULIFLOWER

Stimnlus was gradually inereased from 1 to 10, by means of spring-tapper. When
the stimulos intensity was 10, th response became revergod mbo normal
negative, (Parts of 8§ and % arve ont of the plate.

found similar reversal of response when the plant is
subjected to the abnormal conditions of excessively
high or low temperature.

Radial E.M. variation.— YV e have seen that a current
of response Hows ill I:|11' ]Jl.‘lll‘l from [l!l' ]'E‘]it'[i‘n'l'["'-.' mnonre
to the relatively less exeited. A theoretically important
experiment is the following: A thick stem of plant
stalk was taken and a hole bored so as to make one
contact with the interior of the tissue, the other being
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on the surface. After a while the current of injury was
found to disappear. On exciting the stem by taps or
torsional vibration, a responsive current was observed
which flowed inwards from
the more disturbed outer
surface to the shielded core
inside (fig. 29). Hence it 18
seen that when a wave of
disturbance is propagated
Fio. 20— Ruorsr EM. Vamurow  MONg the plant, there 1s a
concomitant wave of radial
E.M. variation. The swaying of a tree by the wind
would thus appear to give rise to a radial EM,F.
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CHAPTER VII

I'LANT RESPONSE—ON THUE RELATION BETWEEN STIMULUS
AND RESPONSE

Inereased response with inereasing stimulus—Apparent diminution of
response with excessively strong stimulus.

As already said, in the living tissue, molecular dis-
turbance induced by stimulus is accompanied by an
electric disturbanece, which gradually disappears with
the return of the disturbed molecules to their position
of equilibrimin, The greater the molecular distortion
produced by the stimulus, the greater is the electric
variation produced. The electric response is thus an
outward expression of a molecular disturbance produced
by an external agency, the stimulus.

Curve of relation between stimulus and response.---
In the curve showing the relation between stimulus and
response in nerve and muscle, it is found that the
molecular effect as exhibited either by contraction or
2. M. variation in muscle, or simply by EM. variation
in nerve, 1s at first slight. In the second part, there is
a rapidly increasing eflect with increased stimulus.
Finally, a tendency shows itself to approach a limit
of response. Thus we find the curve at first slightly
convex, then straight and ascending, and lastly, concave
to the absecissa (fig. 30).

In muscle the limit of response is reached much
sooner than in nerve. As will be seen, the range
of variation of stimulus in these curves is not very

E 2
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vreat.  When the stimulus is carried beyond moderate
limits, the response, owing to fatigue or other causes

¥

may sometimes undergo an actual diminution,
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Fra., 30.—0ConvEs SHOWING THE RELATION NETWEEN THE INTENSITY OF
STIMULTUS AXD REsSroxsE

Abseissm indicate increasing intensity of stimnlus. Ordinates indicate magni-
tude of response.  (Waller.

[ have obtained very interesting results, with
reference to the relation between stimulus and response,
when experimenting with plants,
These results are sugwestive of
various types of response met
with in animal tissues.

1. In order to obtain the

simplest type of effects, not com-

plicated by secondary phenomena,
Taps of inereasing strength  ONe has to choose specimens which
1:2:8:4 producing — . ot %
creased response in leaf-  eXhibit little faticue. Having pro-
stallk of turmp. ; .
cured these, [ undertook two series
of experiments. Inthe first (1) the stimulus was applied
by means of the spring-tapper, and in the second (5) by
torsional vibration.
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L
Ll

(4) The first stimulus was given by a fall of the
lever through /4, the second throuch 2 A, and so on.
The response-curves 1']&':11'1}' show i!‘]"l’E‘.‘i‘hi]]:ﬂ eflect

with increased stimulus (fig. 31).

Fia, 32.—IncreEsasEp BEsroxsE wITH INcREA=ING VIBRATIONAL STIMULI
(CAULIFLOWER-STALK)
=timul .I.Illll.i' i atb iatervals of three minutes. Verbical line ="1 volk.

(5) 1. The vibrational stimulus was increased from

2:5° to 5° to 7-5° to 10° to 12-5° in amplitude. I will

].__II!' [:].H{-]“-.'L'l:!_ how :l]l' '[1|L{:||.~='i[\' ot I'-.'-|J[:II]‘-l' 1{'IH!'~'~ Ly

'{lEi[J]'HEU'h a it (he, 32).

TABLE sHOWING THE IxcrEAsgp BE.M. Variarioxn
PRODLCED BY |"'|'t BEASING =STIMULTS

Angle of Vibration F.M.F.
= (dd volt
5 ‘07 5
10 1)
1% 100

] 2:5° 106
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2. The next figure shows how little variation is pro-
duced with low value of stimulus, but with increasing
stimulus  the response undergoes a rapid increase,
after which it tends to approach a limit (fig. 33, «).

3. As an extreme instance of the case just cited,
[ have often come across a curious phenomenon,
During the gradual increase of the stimulus from a low
value there would be apparently no response. But

“
fa) \ [\ /h)
?t&&ﬁl 1SRN

= o

45" 50

[ L=

ano® a0°

> w

- 10 20

Fra. 33.—Resroxses 1o INcREASING STIMULT PRODUCED BY [NCREASING
AxoLeE oF VIERATION

(a) Record with a specimen of fresh radish. Stimuli applied at intervals of two
minuies. The record is taken for one minnte.

(6] Record for stale radish. There is 8 reversed response for the feeble atimun-
lus of 5% vibration.

when a critical value was reached a maximum response
would suddenly occur, and would not be exceeded when
the stimulus was further increased. Here we have
a parallel to what 1s known in animal physiology as the
“all or none’ principle. With the cardiac muscle, for
example, there is a certain minimal intensity which
is effective in producing response, but further increase
of stimulus produces no increase in response.

4. From an inspection of the records of responses
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which are given, it will be seen that the slope of a
curve which shows the relation of stimulus to response
will at first be slight, the curve will then ascend rapidly,
and at high values of stimulus tend to become horizontal.
The curve as a whole becomes, first slightly convex
to the abscissa, then straight and ascending, and lastly
concave. A far more pronounced convexity in the first
part 1s shown in some cases, especially when the
specimen 1s stale. This is due to the fact that under
these circumstances response is apt to begin with an
actual reversal of sign, the plant under feebler than
a certain critical intensity of stimulus giving positive,
instead of the normal negative, response (fig. 33, b).

Diminution of response with excessively strong
stimulus.—It 1s found that in animal tissues there is
sometimes an actual diminution of response with ex-
cessive increase of stimulus. Thus Waller finds, in
working with retina, that as the intensity of light
stimulus is gradually increased, the response at first
increases, and then sometimes undergoes a diminution.
This phenomenon is unfortunately complicated by
fatigue, itself regarded as obscure. It is therefore
difficult to say whether the diminution of response is
due to fatigue or to some reversing action of an
excessively strong stimulus.

From fig. 33, 4, above, it is seen that there was an
actual reversal of response in the lower portion of the
curve. It is therefore not improbable that there may
be more than one point of reversal.

In physical phenomena we are, however, acquainted
with numerous instances of reversals. For example,
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a common eflect of magnetisation is to produce an
elongation of an iron rod. But Bidwell finds that as
the magnetising force 1s pushed to an extreme, at a
certain point elongation ceases and is succeeded, with
further increase of magnetising force, by an actual con-
traction. Again a photographic plate, when exposed
continuously to light, gives at first a negative image.
Still longer exposure produces a positive. Then again
we have a negative. There is thus produced a series of
recurrent reversals. In photographic prints of flashes
of lightning, two kinds of images are observed, one, the
positive—when the lightning discharge is moderately
intense—and the other, negative, the so-called dark
lightning '—due to the reversal action of an intensely
strong discharge.

In studying the changes of conductivity produced in
metallic particles by the stimulus of Hertzian radiation,
I have often noticed that whereas feeble radiation pro-
duces one effect, strong radiation produces the opposite.
Again, under the continuous action of electric radiation,
I have frequently found recurrent reversals.'

Diminution of response under strong stimulus traced
to fatigue.—DBut there are instances in plant response
where the diminution effect can be definitely traced
to faticue. The records of these cases are extremely
suggestive as to the manner in which the diminu-
tion 1s brought about. The accompanying figures
(fig. 34) give records of responses to increasing stimulus,
They were made with specimens of cauliflower-stalks, one
of which (a) showed little fatigue, while in the other ()

' See ‘ On Electric Touch,’ Proe. Roy. Sve. Aug. 1900,
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faticue was present. It will be seen that the curves

obtained by joining the apices of the successive single
responses are very similar.

In one case there is no fatigue, the recovery from

each stimulus being complete. Every response in the
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Fic. 34.—HBEespoxses 10 1NcReasiNe Stivvnus oprsaiNep withd Two Bpeci-
MENS OF STALE oF CAULIFLOWER

In (a) fatigne is absent, in () it is present.

series therefore starts from a position of perfect equi-

librium, and the height of the single responses increases

with inereasing stimulation. But in the second case,
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the strain is not completely removed after any single
stimulation of the series. That recovery is partial is
seen by the gradual shifting of the base line upwards.
In the former case the base line is horizontal and re-
presents a condition of complete equilibrium. Now,
however, the base line, or line of modified equilibrium, 1s
tilted upwards. Thus even in this case if we measure
the heights of successive responses from the line of
absolute equilibrium, they will be found to increase with
mcreasing stimulus.  Ordinarily, however, we make no
allowance for the shifting of the base line, measuring
response rather from the place of its previous recovery,
or from the point of modified equilibrium. Judged in
this way, the responses undergo an apparent diminution.
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CHAPTER VIII
PLANT RESPONSE—ON THE INFLUENCE OF TEMPERATURE

Effect of very low temperature—Influence of high temperature —Determi-
nation of death-point—Inereased response as alfter-effect of temperature
variation—Death of plant and abolition of response by the action of
steam.

For every plant there is a range of temperature most
favourable to its vital activity. Above this optimum, the
vital activity diminishes, till a maximum is reached,
when it ceases altogether, and if this point be maintained
for a long time the plant is apt to be killed. Similarly,
the vital activity is diminished if the temperature be
lowered below the optimum, and again. at a minimum
point it ceases, while below this minimum the plant may
be killed. We may regard these maximum and minimum
temperatures as the death-points. Some plants can
resist these extremes better than others. Length of
exposure, 1t should however be remembered, is also a
determining factor in the question as to whether or not
the plant shall survive unfavourable conditions of tem-
perature ~ Thus we have hardy plants, and plants
that are aflected by excessive variations of temperature.
Within_ the characteristic power of the species, there
may be, again, a certain amount of individual difference.

These facts being known, I was anxious to deter-
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mine whether the undonbted changes induced by tem-
perature in the vital activity of plants would affect
electrical response.

Effect of very low temperature. -As regards the
influznce of very low temperature, I had opportunities
of stndying ths question on the sudden appearance
of frost. In the previous week, when the tempera-
ture was about 10° C., T had obtained strong electric
response in radishes whose value vavied from -05 to
‘1 volt. Buttwo or three days later, as the effect of the
frost, I found electric response to have practically
disappeared. A few radishes were, however, found
somewhat resistant, but the electric response had, even
in these cases, fallen from the average value of 075 V.
under normal temperature to ‘003 V. after the frost.
That is to say, the average sensitiveness had been
reduced to about ;™. On warming the frost-bitten
radish to 20° C. there was an appreciable revival, as
shown by increase in response. In specimens where
the effect of frost had been very great, i.e. in those
which showed little or no electric response, warming
did not restore responsiveness. From this it would
appear that frost killed some, which could not he
subsequently revived, whereas others were only re-
duced to a condition of torpidity, from which there
was revival on warming,

I now tried the effect of artificial lowering of tem-
perature on various plants. A plant which is very
easily affected by cold is a certain species of Eucharis
lily. 1 first obtained responses with the leaf-stalk
of this lily at the ordinary temperature of the room
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(17° C.). I then placed it for fifteen minutes in a cooling
chamber, temperature —2° (., for only ten minuates,
after which, on trying to obtain response, it was found to
have practically disappeared. I now warmed the plant
by immersing it for awhile in water at 20° (., and this
produced a r!_-“:lvival hﬂf % Rt
the response (fig. 35). "‘ - W
[f the plant be sub-
jected to low tempera-
ture for too long a
time. there 1s then no
subsequent revival,

[ obtained a simi-
lar marked diminution
of response with the

flower-stalk of Arum

lily, on lowering the
temperature to zZero.
My next attempt
was to compare the
sensibility of different 1

plants to the effect of | /\ ]

l{]“‘ETE[]_ t{:]l’ll}{fl.:ﬁtll I‘ES- I“IG- :j"j.— D[:'I".:'{..:'l"luﬂ nE 1{1‘:3]:"“:\‘3"‘. Ix
Evciaris BY Loweridg oF TEMPERATURE

For this purpose I () Normal response at17°C.
z (b)) The response almost disappears when plant ia
chose three specumnens: subjected to —2° C. for fifteen minutes.

(1) Eucharis lily ; (2) (c) Revival of response on warming to 20° C.

Ivy; and (3) Holly. I took their normal response
at 17°C., and found that, generally speaking, they
attained a fairly constant value after the third or
fourth response. After taking these records of normal

response, I placed the specimens in an ice-chamber,
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temperature 0° C., for twenty-four hours, and afterwards
took their records once more at the ordinary tempera-
ture of the room. From these it will be seen that
while the responsiveness of Eucharis lily, known to be
susceptible to the eflect of cold, had entirely disappeared,
that of the hardier plants, Holly and Ivy, showed very
little change (fig. 36).

Another very curious eflect that T have noticed is
that when a plant approaches its death-point by reason
of excessively high or low temperature, not only is its
general responsiveness diminished almost to zero, but
even the slight response occasionally becomes reversed.

24
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Fia. 36.—Arrer-erprecr oF Corp ox Ivy, Horry, axp Evcharis Livy

a. The normal response ; b, Response after subjection to freezing temperature for
twenty-fonr houars,

Influence of high temperature, and determination of
death-point.—I next tried to find out whether a rise of
temperature produced a depression of response, and
whether the response disappeared at a maximum tem-
perature—the temperature of death-point. For this
purpose I took a batch of six radishes and obtained
from them responses at gradually increasing tempera-
tures. These specimens were obtained late in the
season, and their electric responsiveness was much
lower than those obtained earlier. The plant, previously
kept for five minutes in water at a definite temperature
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(say 17° C.), was mounted in the vibration apparatus and
responses observed. The plant was then dismounted,
and replaced in the water-bath at a higher temperature
(say 30° (.) again, for five minutes. A second set of
responses was now taken. In this way observations
were made with each specimen till the temperature at
which response almost or altogether ceased was reached.
I give below a table of results obtained with six speci-
mens of radish, from which it would appear that response
begins to be abolished in these cases at temperatures
varying from 53° to 55° C.

Tarre sumowiNe Ervecr of HicH TEMPERATURE IX
ABoLIsHING ILESPONSE

Temperatare 1::;11:Jnl{llﬁiniﬂﬁ?r?‘3?;anm Temperature {iqm:;:iﬁtinﬁ;w;:;uum
[ it S 70 dns. (17° C...... 80 dns.
{1) IE\S“ ifnraaas 'I' 7% I (4} -tﬁﬁl? L g ﬂ L
;‘) _r]-?n ” |||||| -lﬁﬂ ’? 5 {]-TD ,, llllll 4ﬂ j,‘
() 1530000 s (5) igpe ). g
3 [ oY | PR 6o
@) s g " LT =1 i S

Electric heating.—The experiments just described
were, however, rather troublesome, inasmuch as, in
order to produce each wvariation of temperature, the
specimen had to be taken out of the apparatus, warmed,
and remounted. I therefore introduced a modification
by which this difficulty was obviated. The specimen
was now enclosed in a glass chamber (fig. 37), which
also contained a spiral of German-silver wire, through
which electric currents could be sent, for the purpose
of heating the chamber, By varying the intensity of
the current, the temperature could be regulated at will.
The specimen chosen for experiment was the leaf-stalk
of celery. It was kept at each given temperature for
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ten minutes, and two records were taken during that
time. It was then raised by 10° (., and the same process

N7
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Fia. 37.—THE Griss CHAMBER CONTAINING THE PLANT

Amplitude of vibration which determines the intensity of stimulus is measured
y the graduated circle seen to the right. Temperature is regulated by the
electric hl.'L’l.’[-i:lu_:',r coil B, For experiments on action of amest mt.in::'., Vaponr

of chloroform is blown in through the zide tube.

was repeated. 1t will be noticed from the record
(fig. 38) that in this particular case, as the temperature
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Fic. 38.—ErrEcT oF TEMPERATURE ox Resroxse
The response was abolished at the hot-water temperature of 55¢ C.

rose from 20° C. to 30° C., there was a marked diminu-
tion of response. At the same time, in this case at
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least, recovery was quicker. At 20° C., for example,
the response was 21 dns., and the recovery was not com-
plete in the course of a minute. At 30° C., however,
the response had been reduced to 7'5 divisions, but
there was almost complete recovery in twelve seconds.
As the temperature was gradually increased, a con-
tinuous decrease of response occurred. This diminution
of response with increased temperature appears to be
universal, but the quickening of recovery may be true
of individual cases only,

TABLE sHOWING DIMINUTION oF RESPONSE WITH INCREASING

TEMPRRATURE
(‘01 Volt =35 divisions)
Temperature Responze Temperature Response
] SN | BRI na 4
R i BB 4

- § B R 55

In radishes response disappeared completely at
55° C, but with celery, heated in the manner described,
I could not obtain its entire abolition at 60° C. or even
higher. A noticeable circumstance, however, was the
prolongation of the period of recovery at these high
temperatures. I soon understood the reason of this
apparent anomaly. The method adopted in the present
case was that of dry heating, whereas the previous ex-
periments had been carried on by the use of hot water.
It is well known that one can stand a temperature of
1007 C. without ill effects in the hot-air chamber of a
Turkish bath, while immersion in water at 100° C., would
be fatal.

In order to find out whether subjection to hot water

would kill the celery-stalk, I took it out and placed it
b1
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for five minutes in water at 55" (,
from the record taken afterwards, effectively killed the
plant (fig. 38, w).

Increased sensitiveness as after-effect of temperature
variation.—A very curious eflect of temperature varia-
tion is the marked increase of sensitiveness which often

This, as will be seen

19°C

30 C

20 C

25'C J

= Temperature
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Fro, 39.—Errrcr or Bsixe axn Fanmxe TeEMpERaTURE o8 THE RESPONSE
oF Scorenm Kane

appears as its after-effect. I noticed this first in a series
of observations where records were taken during the
rise of temperature and continued while the tempera-
ture was falling (fie. 39). The temperature was
adjusted by electric beating. It was found that the
responses were markedly enhanced during cooling, as
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while warming (see table). Temperature variation thus

seems to have a -1i]|1|il;|1i||}_? eflect on response, h_ﬁ.'

i1|1-1‘1-;1~:i1|_u' molecular lllnh-ll-li}' in some way. The second

Fic, 40.—Recorps or BeEsroxses v BEvcHanes Liiny porine Rise axp
Farn oF TEMPERATURE

Stimulus constant, applied at mtervals e minnte,  The temperatnure of

plant-chamber gradually rose on starfing current in the heating coil 1 on
breaking current, the temperature fell gradually, Temperature correspond
ing to ench record 18 given below

Temperature nsing : (1) 205, (2) 205, (3) 22, (4) 34 i) 8d%, (G) GHZ, (T) 65
Temperature falling ; (8) G607, (9) 51%, (10) 45%, (11) 407, (13) 88

record (fig. 40) shows the variation of response 1}

Fucharis lily (1) during the rise, and (2) during the fall
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of temperature. Fig. 41 gives a curve of variation
of response during the rise and fall of temperature.
Point of temperature maximum,—We have seen
how, in cases of lowered temperature, response is
abolished earlier in plants like Eucharis, which are
affected by cold, than in the hardier plants such as
Holly and Ivy. Plants again are unequally affected as
regards the upper range. In the case of Scotch kale,
for instance, response disappears after ten minutes of
water temperature of about 55° C., but with Eucharis
fairly marked response can still be obtained after such

A
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F1a. 41.—Curve sHOWING VairiaTioN oF REsPoxsE 1IN EUCHARIS WITH THE
Rise axp Fann or TEMPERATURE

immersion and does not disappear till 1t has been sub-
jected for ten minutes to hot water, at a temperature
of 65° C. or even higher. The reason of this great
power of resistance to heat is probably found in the
fact that the Eucharis is a tropical plant, and is grown,
in this country, in hot-houses where a comparatively
high temperature is maintained.

The effect of steam,—I next wished to obtain a
continuous record by which the effects of suddenly
increased temperatures, culminating in the death of the
plant, might be made evident. For this purpose I
mounted the plant in the glass chamber, into which steam
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could be introduced. I had chosen a specimen which
vave regular response. On the introduction of steam,
with the consequent sudden inecrease of temperature,
there was a transitory augmentation of excitability.
But this quickly disappeared, and in five minutes the
plant was eflectively killed, as will be seen graphically
lustrated in the record (fig. 42).

Fia. 42. —Errecr or StEadm N Kinpine Besroxse

The two records to the left exhibit normal response at 177 C. Sudden warming
by steam produced at first an increase of response, but five minutes' expo-
gure to steam killed the |l|:l|:'. [earrot) and :|.|!||l]'i:-]|vl.] l]lt' res N Ee.

Vibrational stimulus of 30° applied at intervalz of one minute; vertical
lime="] ‘.'-\.I-.[.

[t will thus be seen that those modifications of vital
activity which are produced in plants by temperature
variation can be very accurately gaunged by electric
response. Indeed it may be said that there is no other
method by which the moment of cessation of vitality

can be so satisfactorily distinguished. Ordinarily, we



70 RESPONSE IN THE LIVING AND NONLIVING

are able to judge that a plant has died, only after
various indirect effects of death. such as withering, have
begun to appear. But in the electrie response we have
an immediate indication of the arrest of vitality, and we
are thereby enabled to determine the death-point, which
it is impossible to do by any other means,

It may be mentioned here that the explanation
suggested by Kunkel, of the response heing due to
movement of water in the plant, is inadequate. Far
in that case we should expect a definite stimulation to
be under all conditions followed by a definite elec-
tric response, whose intensity and sign should remain
invariable. But we find, instead, the response to he
profoundly modified by any influence which affects the
vitality of the plant. For instance, the response is at
its maximum at an optimum temperature, a rise of a
few degrees producing a profound depression; the
response disappears at the maximum and minimum
temperatures, and is revived when brought back to
the optimum. Angesthetics and poisons abolish the
response.  Again, we have the response undergoing an
actual reversal when the tissue is stale. All these
facts show that mere movement of water could not be
the effective cause of plant response.
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CHAPTER IX
PLANT RESPONSE—EFFECT OF AN.ESTHETICS AND POISONS

Effect of anmstheties, a test of vital eharacter of response—Effect of ehloro-
form—Effect of chloral—Eflect of formalin—Method in which re-
sponse is unaffected by variation of resistance—Advantage of block
method—Effect of dose.

THE most important test by which vital phenomena are
distingnished is the influence on response of narcoties
and poisons. For example, a nerve when narcotised
by chloroform exhibits a diminishing response as the
action of the anmsthetic proceeds. (See below, fig. 43.)
Similarly, various poisons have the effect of permanently
abolishing all response. Thus a mnerve is killed by
strong alkalis and strong acids. 1 have already shown
how plants which previously gave strong response did
not, after application of an anwmsthetic or poison,
give any response at all. In these cases it was the last
stage only that could be observed. But it appeared
important to be able to trace the growing effect of
angesthetisation or poisoning throughout the process.
There were, however, two conditions which it at first
appeared difficult to meet. First it was necessary to
find a specimen which would normally exhibit no
faticue, and give rise for a long time to a uniform series
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of response. The immediate changes made in the
response, in consequence of the application of chemical
reagents, could then be demonstrated in a striking
manner. And with a little trouble, specimens can be
secured in which perfect regularity of response is found.
The record given in fig. 16, obtained with a specimen
of radish, shows how possible it is to secure plants in
which response is absolutely regular. I subjected this
to uniform stimulation at intervals of one minute, dur-
ing half an hour, without detecting the least variation

Before T After

Fic. 43.—Errecr or CarorororM oX NErvE Respoxse (WanLer)

in the responses. But it is of course easier to find
others in which the responses as a whole may be taken
as regular, though there may be slight rhythmic
fluctuations. And even in these cases the eflect of
reagents is too marked and sudden to escape notice.
For the obtaining of constant and strong response I
found the best materials to be carrot and radish, selected
individuals from which gave most satisfactory results.
The carrots were at their best in August and September,
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after which their sensitiveness rapidly declined. Later,
being obliged to seek for other specimens, I came upon
radish, which gave good results in the early part of
November ; but the setting-in of the frost had a pre-
judicial eflect on its responsiveness. Less perfect than
these, but still serviceable, are the leaf-stalks of turnip
and cauliflower. In these the successive responses as a
whole may be regarded as regular, though a curious
alternation is sometimes noticed., which, however, has a
regularity of its own.

My second misgiving was as to whether the action
of reagents would be sufficiently rapid to display itself
within the time limit of a photographic record. This
would of course depend in turn upon the rapidity with
which the tissues of the plant could absorb the reagent
and be affected by it. It was a surprise to me to find
that, with good specimens, the effect was manifested in
the course of so short a time as a minute or so.

Effect of chloroform.—In studying the effect of
chemical reagents in plants, the method is precisely
similar to that employed with nerve; that is to say,
where vapour of chloroform is used, it is blown into
the plant chamber. In cases of liquid reagents, they
are applied on the points of contact A and B and their
close meighbourhood. The mode of experiment was
(1) to obtain a series of normal responses to uniform
stimuli, applied at regunlar intervals of time, say
one minute, the record being taken the while on a
photographic plate. (2) Without interrupting this
procedure, the anmsthetic agent, vapour of chloroform,
was blown into the closed chamber containing the plant.
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Effects of chloral and formalin.—I give below (f1gs.
45, 46) two sets of records, onme for the reagent
chloral and the other for formalin. The reagents
were :a;;[r]im] in the form of a solution on the tissue af
the two ]L':lt[ill;;' CONLACES, and the I'Irllii:jiznlh surface,
The ]’]I_‘l.".]ll?".il' fluctuation in the normal response shown
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minute of the application of chloral, 1z also extremely
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Response unaffected by variation of resistance.—In
order to |'r|'itll:_" Q111 1'!E'F]I'[}' ‘.]I:‘ ]I]:Ii:‘i [l]lt‘llirhll'lnh | have
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Fia. 46.—Action oF Formarix (RapisH)

dificultv. To determine the influence of a reagent in

modifvine the exeitability of the tissue, we r't-|}' upon

its effect in exalting or depressing the responsive .M.
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variation. We read this effect by means of galvano-
metric deflections.  And if the resistance of the cirenit
remained constant, then an increase of galvanometer
deflection would accurately indicate a heightened or
depressed E.M. response, due to greater or less excita-
bility of tissue caused by the reagent. But, by the
introduction of the chemical reagent, the resistance of
the tissue may undergo change, and owing to this
cause, modification of response as read by the galvano-
meter may be produced without any E.M. variation.
The observed variation of response may thus be partly
owing to some unknown change of resistance, as well as
to that of the .M. variation in response to stimulus.

We may however discriminate as to how much of
the observed change is due to variation of resistance by
comparing the deflections produced in the galvanometer
by the action of a definite small E.M.F. before and after
the introduction of the reagent. If the deflections be
the same in both cases, we know that the resistance has
not varied. If there have been any change, the
variation of deflection will show the amount, and we
can make allowance accordingly.

I have however adopted another method, by which
all necessity of correction is obviated, and the galvano-
metric deflections simply give 1. M. variations, unaffected
by any change in the resistance of the tissue. This is
done by interposing a very large and constant resistance
in the external circuit and thereby making other
resistances mnegligible.  An example will make this
point clear. Taking a carrot as the vegetable tissue,
[ found its resistance plus the resistance of the non-
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polarisable electrode equal to 20,000 ohms. The
introduction of a chemical reagent reduced it to
19,000 ohms. The resistance of the galvanometer is
equal to 1,000 ohms. The high external resistance was
1,000,000 ohms. The variation of resistance produced
in the circuit would therefore be 1,000 in (1,000,000 +
19,000+ 1,000) or one part in 1,020. Therefore the
variation of galvanometrie deflection due to change of
resistance would be less than one part in a thousand
(ef. fig. 49).

The advantage of the block method.—In these in-
vestigations 1 have used the block method, instead of
that of negative variation, and I may here draw
attention to the advantages which it offers. In the
method of negative variation, one contact being
injured, the chemical reagents act on injured and
uninjured unequally, and it is conceivable that by this
unequal action the resting difference of potential may
be altered. But the intensity of response in the method
of injury depends on this resting difference. It is thus
hypothetically possible that on the method of negative
variation there might be changes in the responses
cansed by variation of the resting diflerence, and not
necessarily due to the stimulating or depressing effect
of the reagent on the tissue.

But by the block method the two contacts are
made with uninjured surfaces, and the effect of reagents
on both is similar. Thus no advantage is given to one
contact over the other. The changes now detected in
response are therefore due to no adventitious circum-
stance, but to the reagent itself. If further verification
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he desired as to the effect of the reagent, we can
obtain it by alternate stimulation of the A and B ends.
Both ends will then show the given change. 1 oive
below a record of responses given by two ends of leaf-
stalk of turnip, stimulated alternately in the manner
described. The stalk used was shightly conieal, and
owing to this difference between the A and B ends the
responses given by one end were slightly different from
those given by the other, though the stimuli were

j\b_r\_/\w

Before | After
Fia. 47.—Anonitiox oF Besroxse AT soTE A axo B Exps By THE AcTioN
or NaOH
Stimuli of 807 vibration were applied at intervals of one minute to A and B

alternately, H-E'.*H]_!l[]]i:i.{f Was c:nmplelﬂl}' abolished L'n-'-‘l.'l'lt_'l.'—fﬂl'tr minutes after
application of Na(H.

equal. A few drops of 10 per cent. solution of NaOH
was applied to both the ends. It will be seen how
quickly this reagent abolished the response of both
ends (fig. 47).

Effect of dose.—It 1s sometimes found that while a
reagent acts as a poison when given in large quantities,
it may act as a stimulant in small doses. Of the two
following records fig. 48 shows the slight stimulating
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e two vertical lines are galvanometer deflections due to -1 volt, before and
after the application of reagent. Tt will be noticed that the total resi
remalns nnchangad.
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eflect of very dilute KOH, and fig. 49 exhibits nearly
complete abolition of response by the action of the same
reagent when given in stronger doses.

So we see that, judged by the final criterion of the
effect produced by anmsthetics and poisons, the plant
response fulfils the test of vital phenomenon. In
previous chapters we have found that in the matter
of response by negative variation, of the presence or
absence of fatigue, of the relation between stimulus and
response, of modification of response by high and low
temperatures, and even in the matter of occasional
abnormal variations such as positive response in a
modified tissue, they were strictly correspondent to
similar phenomena in animal tissues. The remaining
test, of the influence of chemical reagents, having now
been applied, a complete parallelism may be held to
have been established between plant response on the
one hand, and that of animal tissue on the other,
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CHAPTER X
RESPONSE IN METALS

Is response found in inorganie substances *—Experiment on tin, block
method—Anomalies of existing terminology—Response by method of
depression—HResponse by method of exaltation.

WE have now seen that the electrical sign of life is not
confined to animals, but is also found in plants. And
we have seen how electrical response serves as an index
to the vital activity of the plant, how with the arrest of
this vital activity electrical response is also arrested
temporarily, as in the case amongst others of anges-
thetic action, and permanently, for instance under the
action of poisons. Thus living tissnes—both animal
and vegetable—may pass from a responsive to an irre-
sponsive condition, from which latter there may or may
not be subsequent revival.

Hitherto, as already said, electrical response in
animals has been regarded as a purely physiological
phenomenon. We have proved by various tests that
response in plants is of the same character. And we
have seen that by physiological phenomena are gene-
rally understood those of which no physical explana-
tion can be offered, they being supposed to be due to
the play of some unknown vital force existing in living
substances and giving rise to electric response to stimu-
lation as one of its manifestations.
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Is response found in inorganic substances? '—It is
now for us, however, to examine into the alleged super-
physical character of these phenomena by stimulating
inorganic substances and discovering whether they do
or do not give rise to the same electrical mode of re-
sponse which was supposed to be the special character-
istic of living substances. We shall wse the same apparatus
and the same mode of stimulation as those employed in
obtaining plant response, merely substituting, for the stalk
of a plant, a metallic wire, say * tin” (fig. 50). Any other
metal could be used instead of tin.

Experiment on tin, block method.—Let us then take
a piece of tin wire® from which all strains have been
previously removed by annealing, and hold it elamped
in the middle at ¢. If the strains have been success-
fully removed A and B will be found iso-electric,
and no current will pass through the galvanometer.
If A and B are not exactly similar, there will be a
slight current. But this will not materially aflect the
results to be deseribed presently, the slight existing
current merely adding itself aloebraically to the current
of response.

If we now stimulate the end A by taps, or better

' Following another line of inguiry I obtained responsze to electrie
stimulus in inorganic substances using the method of conductivity
variation (see ‘ De la Généralité des Phénoménes Moléculaires Produits
par U'Electricité sur la Matiére Inorganique et sur la Matiére Vivante,
Travauwr du Congrés International de Physique, Pares, 15900 ; and also * On
Similarities of Effect of Eleetrie Stimulus on Inorganic and Living
Substances, British Association 1900, See Electrician). To bring out
the parallelism in all details between the inorganic and living response, 1
have in the following chapters uzed the method of electro-motive variation
employed by physiologists.

* By “tin’ is meant an alloy of tin and lead used as electric fuse.
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still by torsional vibration, a transitory ¢current of
action * will be found to flow in the wire from B to A,
from the unstimulated to the stimulated, and in the
galvanometer from the stimulated to the unstimulated.
Stimulation of B will give rise to a current in an opposite
direction.

Experiment to exhibit the balancing effect.—If the
wire has been carefully annealed, the molecular condi-
tion of its different portions is found to be approximately
the same. If such a wire be held at the ¢balancing

() (b} ]
Iﬁn
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Fia. 8).—ErectiRic Resrovse 1N MurTans

(@) Method of block ; (&) Equoal and opposite responses when the ends A and

B are stimulated; the dotted portions of the curves show recovery:

(c) Balancing effect when both the ends are stimulated simultaneously,
point * (which is at or near the middle) by the clamp,
and a quick vibration, say, of 90” be given to A, an up-
ward deflection will be produced ; if a vibration of 90°
be given to B, there will he an equal downward deflec-
tion. If now both the ends A and B are vibrated simul-
taneously, the responsive .M. variation at the two ends
will continuously balance each other and the galvano-
meter spot will remain quiescent (fig. 50, A, B, R). This
balance will be still maintained when the block is
removed and the wire is vibrated as a whole. It is to
be remembered that with the length of wire constant,

G 2
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the intensity of stimulus increases with the amplitude of
vibration. Again, keeping the amplitude constant, the
intensity of stimulus is increased by shortening the wire.
Hence it will be seen that if the clamp be shifted from
the balancing point towards A, simultaneous vibration
of A and B through 90° will now give a resultant upward
deflection, showing that the A response is now relatively
stronger. Thus keeping the rest of the circuit untouched,
merely moving the clamp from the left, past the balane-
ing point to the right, we get either a positive, or zero,
or negative, resultant eflect.

In tin the current of response is from the less to the
more excited point. In the retina also, we found the
current of action flowing from the less stimulated to the
more stimulated, and as that i1s known as a positive
response, we shall consider the normal response of tin to
be in like manner positive.

Just as the response of retina or nerve, under certain
molecular conditions, undergoes reversal, the positive
being then converted into negative, and negative into
positive, so it will be shown that the response in metal-
lic wires under certain conditions is found to undergo
reversal.

Anomalies of present terminology.— When there is no
current of injury, a particular current of response can hardly
be called a negative, or positive, variation. Such nomencla-
ture is purely arbitrary, and leads, as will be shown, to mueh
confusion. A more definite terminology, free from misunder-
standing, would be, as already said, to regard the eurrent to-
wards the more stimulated as positive, and that towards the
less stimulated, in tissue or wire, as negative.

The stimulated end of tin, say the end A, thus becomes
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zincoid, i.e, the current through the electrolyte (non-polaris-
able electrodes with interposed galvanometer) is from A to B,
and through the wire, from the less stimulated B to the more
stimulated A. Conversely, when B is stimulated, the action
current flows round the civenit in an opposite direction. This
positive is the most usual form of response, but there are cases
where the response is negative.

In order to show that normally speaking a stimulated wire
becomes zincoid, and also to show once more the anomalies
into which we may fall by adopting no more definite termino-
logy than that of negative varia-
tion, I have devised the following
experiment (fig. 51). Let us take
a bar, one half of which is zine and
the other half copper, clamped in

the middle, so that a disturbance ~— - re
produced at one end may not reach Normal Current — <+——

the other; the two ends are con- = Fic.51. —Cusrexr or Respoxse
nected to a galvanometer through T ™*¢ EMoubreD; b
: Hence when Cu stimulated: ac-
non-polarisable electrodes. The tion current =, normal E.)L.F.

y . 3 diminished (-85 —009) V,
GlY I'Bnt thl G'l.lgh th'EI 'E!l'E!thl ﬂ‘lyte When #n stimulated : action cnre-

(non-polarisable electrodes and in- E?,:LEE'E_;;”;’T:,‘EIHJ M
terposed galvanometer) will then

flow from left to right. We must remember that metals
under stimulation generally become, in an electrical sense,
more zine-like. On vibrating the copper end (inasmuch
as copper would then become more zine-like) the differ-
ence of potential between =zine and copper ought to be
diminished, and the current flowing in the cireunit would
therefore be lessened. But vibration of the zin¢ end ought to
merease the potential difference, and there ought to be then
an increase of enrrent during stimulation of zine.

In the particular experiment of fig. 51, the E.M.F. between
the zine and copper ends was found to be ‘85 volt. This
was balanced by a potentiometer arrangement, so that the
galvanometer spot came to zero. On vibrating the zinc
wire, a deflection of 33 dns. was obtained, in a direction which
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showed an increase of EM.F.  On stopping the vibration, the
spot of light came back to zero. On now vibrating the copper
wire, a deflection of 23 dns. was obtained in an opposite
direction, showing a diminution of EM.F. This transi-
tory responsive variation disappeared on the cessation of
disturbance.

By disturbing the balance of the potentiometer, the
galvanometer deflection due to a known increase of E.MLF,
was found from which the absolute .M. variation caused by
disturbance of copper or zine was determined.

It was thus found that stimulation of zine had increased.
the P.D. by fifteen parts in 1,000, whereas stimulation of
copper had decreased it by eleven parts in 1,000. According
to the old terminology, the response due to stimulation of
zine would have been regarded as positive variation, that of
copper negative. The responses however are not essentially
opposite in character, the action current in the bar being in
both cases towards the jnore excited. IFor this reason it
would be preferable, as already said, to employ the terms
positive and negative in the sense I have suggested, i.e.
positive, when the current in the acted substance is towards
the more excited, and negative, when towards the less excited.
The method of block is, as I have already shown, the most
perfect for the study of these responses.

In the experiment fig. 50, if the block is abolished
and the wire is struck in the middle, a wave of mole-
cular disturbance will reach A and B. The mechanical
and the attendant electrical disturbance will at these
points reach a maximum and then gradually subside.
The resultant effect in the galvanometer will be due to
E.~E, when E, and g, are the electrical variations pro-
duced at A and B by the stimulus. The electric changes
at A and B will continuously balance each other, and the
resultant effect on the galvanometer will be zero : (a) if
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the exciting disturbance reaches A and B at the same
time and with the same intensity ; (#) if the molecular
condition is similar at the two points; and (¢) if the
rate of rise and subsidence of excitation is the same at
the two points. In order that a resultant effect may he
exhibited in the galvanometer, matters have to be so
arranged that the disturbance may reach one point, say
A, and not B, and vice versa. This was accomplished by
means of a clamp, in the method of block. Again a
resultant differential action may be obtained even when
the disturbance reaches both A and B, if the electrical
excitability of one point is exalted or depressed by
physical or chemical means. We shall in Chap. XVI
study in detail the eflect of chemical reagents in pro-
ducing the enhancement or depression of excitability.
There are thus two other means of obtaining a resultant
eflect—(2) by the method of relative depression, (3) by
the method of relative exaltation.

Electric response by method of depression.—We may
thus by reducing or abolishing the excitability of one
end by means of suitable chemical reagents (so-called
method of injury) obtain response in metals without a
block. The entire length of the wire may then be
stimulated and a resultant response will be produced,
owing to the difference between the excitability of the
two ends. A piece of tin wire is taken, and one normal
contact 1s made at A (strip of cloth moistened with
water, or very dilute salt solution). The excitability
of B is depressed by a few drops of strong potash or
oxalic acid. By the application of the latter there will
be a small P.D. between A and B; this will simply
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produce a displacement of zero. By means of a
potentiometer the galvanomieter spot may be brought
back to the original position. The shifting of the
zero will not affect the general result. The effect of
mechanical stimulus is to produce a transient electro-
motive response, which will be superposed algebraically
on the existing P.ID. The deflection will take place
from the modified zero to which the spot returns during
recovery. On now stimulating the wire as a whole by,
say. torsional vibration, the current of response will be

| ]
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FiG. 52.—Resroxse py MerHop oF Depnessiox (WritHovr Brock)

When the wire is stimulated as a whole the eurrent of response is towards the
more excitable,

In (a) A is a normal contact, B has been depressed by oxalic acid ; current of

response is towards the more excitable A.

In (b) the same wire is used, only A is depressed by oxalic acid and a normal
contact is made at  fresh point B', a little to the left of B in (o). Current

of response is now from A towards the more excitable B'.
found towards the more excitable, i.e. from B to A

(fig. 52, a).

A corroborative reversal experiment may next be
made on the same piece of wire. The normal contaet,
through water or salt solution, is now made at B,
a little to the left of B. The execitability of A is now
depressed by oxalic acid. On stimulation of the whole
wire, the eurrent of response will now be found to flow
in an opposite direction—i.e. from A to B'—but still
from the relatively less to the relatively more excitable
(fig. 52, b).
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From these experiments it will be seen how in one
identical piece of wire the responsive current flows now
in one direction and then

in the other, in absolute @

conformity with theoretical y y

considerations. 1-4& e BEI
Method of exaltation.—A\ Fro. 63.—Mermon 0w

EXALTATION
still more striking corrobora- The contact B is made more excitable

tion of these results mMay,  Thecementol cameateis o,
however, be obtained by the s s
converse process of relative exaltation of the respon-
siveness of one contact. This may be accomplished
by touching one contact, say B, with a reagent which
like Na,CO, exalts the electric excitability. On stimu-
lation of the wire, the current of response 1s towards the
more excitable B (fig. 53).

[ give four records (fig. 54) which will clearly
exhibit the responses as obtained by the methods of
relative depression or exaltation. In (a) B is touched
with the excitant Na,CO,, a permanent current flows
from A to B, response to stimulus is in the same direc-
tion as the permanent current (positive variation).
In (4) B is touched with a trace of the depressant
oxalic acid, the permanent current is in the same
direction as before, but the current of response is in
the opposite direction (negative variation). In (¢) B
18 touched with dilute KHO, the response is exhibited
by a positive variation. In (d) B is touched with strong
KHO, the response is now exhibited by a negative
rariation.  The last two results, apparently anomalous,
are due to the fact, which will be demonstrated later,
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that KHO in minute quantities is an excitant, while in
large quantities it is a depressant.

We have thus seen that we may obtain response
(1) by block method, (2) by the method of mjury, or
relative depression of responsiveness of one contact.

ra) (&) fe) (d)

Fia. 54

() Rszgonsu when B is treated with

ium carbonate—An apparent
positive variation.

(k) Responge when B is treated with

Ferma- | Cuarrent
nent of
Current Response

B irostod with HD:- P il oxalic acid.—An apparent negative
: variabion.
L = 2 {¢) Response when B is treated with
B treated with ox- very dilute potash.—Iositive varia-
alic acid . : =k -~ tiomn.
Iy (d) Response when B is treated with
= 3?:’::‘1 p;t::jéll.lmr}l e =S| strong potash.—MNegative variation.
' B treated with | The response is up when B is more ex-
atromg potash . == ha citable, and down when A is more
- : excitable.
Cuorrent of response is always towands  Lines thog ------ indieate deflection due
the more excitable point. to permanent eurrent.

and (3) by the method of relative exaltation of
responsiveness of one contact. In all these cases alike
we obtain a consistent action ecurrent, which in tin
is normally positive, or towards the relatively more
excited.
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CHAPTER XI

INORGANIC RESPONSE—MODIFIED APPARATUS TO EXHIBIT
RESPONSE IN METALS

Conditions of obtaining quantitative measurements—Modification of the
block method —Vibration cell— Application of stimulus—Graduation of
the intensity of stimulus—Considerations showing that electric response
is due to molecular disturbance—Test experiment—Molecular voltaic
cell,

WE have already seen that metals respond to sti-
mulus by E.M. variation, just as do animal and
vegetable tissues. We have yet to see whether the
similarity extends to this point only, or goes still
further, whether the response-curves of living and in
organic are alike, and whether the inorganie response-
curve is modified, as living response was found to be,
by the influence of external agencies. If so, are the
modifications similar? What are the effects of super-
position of stimuli ? Is there fatigue? If there be, in
what way does it aflect the curves? And lastly, is the
response of metals exalted or depressed by the action
of chemical reagents ?

Conditions of obtaining quantitative measurements.—
In order to carry out these investigations, it is necessary
to remove all sources of uncertainty, and obtain quanti-
tative measurements. Many difficulties at first presented
themselves in the course of this attempt, but they were
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completely removed by the adoption of the following
experimental modification. In the simple arrangement
for qualitative demonstration of response in metals
previously described, sucecessive experiments will not
oive results which are strietly comparable (1) unless
the resistance of the cireuit be maintained constant.
This would necessitate the adoption of some plan for
keeping the electrolytic contacts at A and B absolutely
invariable. There should then be no chance of any
shifting or variation of contact. (2) There must also
be some means of applying successive stimuli of equal
intensity. (3) And for certain further experiments
it will be necessary to have some way of gradually
increasing or decreasing the stimuli in a definite
manner,

Modification of the block method.—BY consideration
of the following experimental modifications of the block
method (fig. 59), it will be found easy to construct
a perfected form of apparatus, in which all these con-
ditions are fully met. The essentials to be kept in
mind were the introduetion of a complete block midway
in the wire, so that the disturbanece of one half should
be prevented from reaching the other, and the making
of a perfect electrolytic contact for the electrodes
leading to the galvanometer.

Starting from the simple arrangement previously de-
scribed where a straight wire is clﬂ.m]rmd in the middle
(fig. 55, a), we next arrive at (b). Here the wire
A Bis placed in a U tube and elamped in the middle
by a tightly fitting cork. Melted paraffin wax is poured
to-a certain depth in the bend of the tube. The two
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limbs of the tube are now filled with water, till the
ends A and B are completely immersed. Connection
is made with the non-polarisable electrodes by the
side tubes. Vibration may be imparted to either A or
B by means of ebonite clip holders seen at the upper
ends A B of the wire,

e

Fis. 65.—Buvccessive Moprrications oF THE Brock METHOD FROM THE
LATG e ' (i AP :
‘ BrrareaT Wine ' (a) 1o * CErn Fonm '’ (¢

When A is excited, current of response in the wire is from less excited B to
more excited A, Note that though the current of response 18 constant in
direction, the galvanometer deflection in (&) will be opposite to that in (5).

It will be seen that the two limbs of the tube filled
with water serve the purpose of the strip of moistened
cloth used in the last experiment to make electric
connections with the leading-out electrodes—with the

advantage that we have here no chance of any shifting
of contact or variation of surface, the contact between
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the wire and the surrounding liquid being perfect and
invariable.

On now vibrating the end A of the tin wire by means
of the ebonite clip holder, a current will be found to
flow from B to A through the wire—that is to say,
towards the excited—and from A to B in the galvano-
meter.

The next modification (¢) is to transfer the galvano-
meter from the electrolytic to the metallic part of the
circuit, that is to say, it is interposed in a gap made by
cutting the wire A B, the upper part of the circuit being
directly comnnected by the electrolyte. Vibration of A
will now give rise to a current of response which flows
in the metallic part of the circuit with the interposed
galvanometer from B to A. We see that though the
direction of the current in this is the same as in
the last case, yet the galvanometer deflection is now
reversed, for the evident reason that we have it inter-
posed in the metallic and not in the electrolytic part of
the cireuit.

The next arrangement () consists simply of the
preceding placed upside down. Here A and B are held
parallel to each other in an electrolytic bath (water).
Mechanical vibration may now be applied to A without
affecting B, and vice versa.

The actual apparatus, of which this 1s a diagram-
matic representation, is seen in (e).

Two pieces, from the same specimen of wire, are
clamped separately at their lower ends by means of
ebonite screws, in an L-shaped piece of ebonite. The
wires are fixed at their upper ends to two electrodes—
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leading to the galvanometer—and kept moderately and
uniformly stretched by spiral springs. The handle, by
which a torsional vibration is imparted to the wire,
may be slipped over either electrode. The amplitude
of vibration 1s measured by means of a graduated
cirele.

It will be seen from these arrangements :

(1) That the cell depicted in (¢) is essentially the
same as that in (a).

(2) That the wires in the cell being immersed to a
definite depth in the electrolyte there is always a
perfect and invariable contact between the wire and
the electrolyte. The difficulty as regards variation of
contact 1s thus eliminated.

(3) That as the wires A and B are clamped separately
below, we may impart a sudden molecular disturbance
to either A or B by giving
a quick to-and-fro (tor-
stonal) vibration round the
vertical wire, as axis, by
means of the handle. As
the wire A 18 separate from
B, disturbance of one will
not affect the other. : Vibra-

tion of A [H'u:h!['w acurrent

in one direction. vibration
of B 1 the O] =1te direc- Fig. 56.—Equan axp Orrosire Re-
L 1 SPONSES EXHIBITED BY A Asxp B
L1101, 'hus we II:H.'[* Ieans

of verifying every experiment by obtaining corroborative
and reversed effects. When the two wires have been

brought to exactly the same molecular condition by the
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processes of annealing or stretching, the effects obtained
on subjecting A or B to any given stimulus are always
equal (fig. 56).

Usually I interpose an external resistance varying
from one to five megohms according to the sensitive-
ness of the wire. The resistance of the electrolyte in
the cell is thus relatively small, and the galvanometer
deflections are proportional to the E.M. variations. It
is always advisable to have a high external resistance,
as by this means one is not only able to keep the
deflections within the scale, but one is not troubled by
slight accidental disturbances.

Graduation of intensity of stimulus.—If now a rapid
torsional vibration be given to A or B, an E.M. variation
will be induced. If the
amplitude of wibration be
kept constant, successive
responses — in  substances
which, like tin, show no
fatigue—will be found to
be absolutely identical. But
as ‘the amplitude of vibra-

Fio. 57.—Tor View or me Vmra-  tion’ 1s Increased, response

T SR will also become enhaneced
The amplitude of vibration is deter- 2 -

ined by means of movable stops , &
?1‘?, fixed to the edge of the gra- (5@& Chﬂ'}}' XN )

dnated circle G. The index arm . e

I plays between the stops. (The ﬂmphtuﬂe of wibration
womd  ind , connected with .

B ond the second circle are not 15 measured by means of the

showi . " =

St graduated circle (fig. 57). A

projecting index, in connection with the vibration-head,
plays between fixed and sliding stops (8 and 8), one
at the zero point of the scale, and the other movable.
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The amplitnde of a given vibration can thus be pre-
determined by the adjustment of the sliding stop. In
this way we can obtain either uniform or definitely
graduated stimuli.

Considerations showing that electric response is due
to molecular disturbance.—The electromotive variation
varies with the substance. With superposition of
stimuli, a relatively high value is obtained in tin,
amounting sometimes to nearly half a volt, whereas
in silver the electromotive variation is only about 01 of
this value. The intensity of the response, however,
does not depend on the chemical activity of the sub-
stance, for the electromotive variation in the relatively
chemically inactive tin is greater than that of zine.
Again, the sign of response, positive or negative, is
sometimes modified by the molecular condition of the
wire (see Chap. XII).

As regards the electrolyte, dilute NaCl solution,
dilute solution of bichromate of potash &e. are normal
in their action, that is to say, the electric response in
such electrolytes is practically the same as with water,
Ordinarily 1 use tap-water as the electrolyte. Zine
wires m ZnSO, solution give responses similar in
character to those given by, for example, Pt or Sn in
water.

Test experiment.—It may be urged that the E.M.
effect is due in some way (1) to the friction of the
vibrating wire against the liquid; or (2) to some
unknown surface action, at the point in the wire of
the contact of liquid and air surfaces. This second
objection has already been completely met in experi-

i



98 RESPONSE IN THE LIVING AND NON-LIVING

mental modification, fig. 55, b, where the wire was
shown to give response when kept completely immersed
in water, variation of surface being thus entirely
eliminated.

Both these questions may, however, be subjected to
a definite and final test. When the wire to be acted on
is clamped below, and vibration is imparted to it, a
strong molecular disturbance is produced. If now it be
carefully released from the clamp, and the wire rotated
backwards and forwards, there could be little molecular
distur] yanee, but the liquid frietion and surface variation,
if any, would remain. The effect of any slight disturb-
ance outstanding owing to shaking of the wire would
be relatively very small.

We can thus determine the eflfect of liquid friction
and surface action by repeating an experiment with and
without clamping. In a tin wire cell, with interposed
external resistance equal to one million ohms, the wire
A was subjected to a series of vibrations throngh 180°,
and a deflection of 210 divisions was obtained. A
corresponding negative deflection resulted on vibrating
the wire B. Now A was released from the elamp,
so that it could be rotated backwards and forwards in
the water by means of the handle. On wvibrating the
wire A no measurable deflection was produced, thus
showing that neither water friction nor surface variation
had anything to do with the electric action. The
vibration of the still clamped B gave rise to the normal
strong deflection,

As all the rest of the circuit was kept absolutely the
same 1n the two different sets of experiments, these
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results conclusively prove that the responsive electro-
motive varlation is solely due to the molecular
disturbance produced by mechanical vibration in the
acted wire.

A new and theoretically interesting molecular voltaic
cell may thus be made, in which the two elements con-
sist of the same metal. Molecular disturbance is in this
case the main source of energy. A cell once made may
be kept in working order for some time by pouring in
a little vaseline to prevent evaporation of the liquid.

It will be shown further, in succeeding chapters, by
numerous instances, that any conditions which increase
molecular mobility will also increase intensity of response,
and conversely that any conditions having the reverse
effect will depress response.

H 2
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CHAPTER XII

INORGANIC RESPONSE—METHODS OF ENSURING CONSISTENT
RESULTS

Preparation of wire—Effect of single stimulus.

I suaLL now proceed to describe in detail the response-
curves obtained with metals. The E.M. variations
resulting from stimulus range, as has been said, from
4 volt to 01 of that value, according to the metal
employed. And as these are molecular phenomena, the
effect will also depend on the molecular condition of
the wire.

Preparation of wire.—In order to have our results
thoroughly consistent, it is necessary to bring the wire
itself into a mnormal condition for experiment. The
very fact of mounting it in the cell strains it, and
the after-effect of this strain may cause irregularities in
the response.

For the purpose of bringing the wire to this normal
state, one or all of the following devices may be used
with advantage. (1) The wires obtained are usually
wound on spools. Tt is, therefore, advisable to straighten
any given length, before mounting, by holding it
stretched, and rubbing it up and down with a piece of
cloth.  On washing with water, they are now ready for
mounting in the cell.
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The cell is usually filled with tap-water, and
1 111-;'i;m1 of rest after m;tl»cinf_g' up, eenerally speaking,
improves the sensitiveness. These expedients are
ordinarily sufficient, but it ocecasionally happens that
the wire has cot into an abnormal condition.
[n this case it will be found helpful (5) to have
recourse to the process of annealing. For if re-
sponse be a molecular phenomenon, then anything that

increases molecular mohbihity will also Increase its

Before

A TEer
| ATter

Fio., 58, —ErrEcT oF ANNEALING ON INCREASING THE RESPONSE OF BOTH A AND
B Wires (Tix)

Stimuli (vibration of 1607) applied at intervals of one minute.
intensity. Hence we may expect annealing to enhance
responsiveness. This inference will be seen verified in
the record given in fig. 58. In the case under con-
sideration, the convenient method employed was by
pouring hot water into the cell, and allowing it to stand
and cool slowly. The first three pairs of responses
were taken by stimulating A and B alternately, on
mounting in the cell, which was filled with water.

Hot water was then substituted. and the cell was



102 KESPONSE IN THE LIVING AND NON-LIVING

allowed to cool down to its original temperature. The
six following pairs of responses were then taken.
That this beneficial eflect of annealing was not due
to any accidental circumstance will be seen from the
fact that both wires have their sensitiveness equally
enhanced.

(4) In addition to this mode of annealing, both
wires may be short-cirenited and vibrated for a time.
Lastly (5) slight stretching in situ will also sometimes
be found beneficial. For this purpose I have a screw
arrangement.

By one or all of these methods, with a little practice,
it is always possible to bring the wires to a normal con-
dition. The responses subsequently obtained become
extraordinarily consistent. There is therefore no reason
why perfect results should not be arrived at.

Effect of single stimulus,—The accompanying ficure
(fig. 59) glves a series, each of which is the response-
curve for a single stimulus of uni-
form intensity, the amplitude of
vibration being kept constant. The
perfect regularity of responses will

be noticed in this ficure. The wire

after a long period of rest may be in
Fio. 59.—Usmrorn Re-  an abnormal condition, but after a
spoNsEs 1§ Tiv . : . :

short period of stimulation the re-
sponses become extremely regular, as may be noticed
in this figure. Tin is, usnally speaking, almost inde-
fatigable, and I have often obtained several hundreds
of successive responses showing practically no faticue.

In the figure it will be noticed that the rising portion
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of the curve is somewhat steep, and the recovery
convex to the abscissa, the fall being relatively rapid
in its first, and less rapid in its later, parts. As the
electric variation is the concomitant effect of mole-
cular disturbance—a temporary upset of the molecular
equilibrium—on the cessation of the external stimulus,
the excitatory state, and its expression in electric

variation, disappear with the return of the molecules
to their condition of equilibrium. This process 1is
seen clearly in the curve of recovery.

Different metals exhibit different periods of recovery,
and this again is modified by any influence which affects
the molecular condition.

That the excitatory state persists for a time even on
the cessation of stimulus can be independently shown
by keeping the galvanometer circnit open during the
application of stimulus, and completing it at various
short intervals after the cessation, when a persisting
electrical eflect, diminishing rapidly with time, will be
apparent. The rate of recovery immediately on the
cessation of stimulus is rather rapid, but traces of strain
persist for a short time.
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CHAPTER XIII

INORGANIC RESPONSE—MOLECULAR MOBILITY :
ITS INFLUENCE ON RESPONRE
Effects of molecular inertin—Irolongation of period of recovery by over-
strain—Molecular model—Reduction of molecular sluggishness attended
by quickened recovery and heightened response—Effect of temperature

—Modification of latent period and period of recovery by theaction of
chemical reagents—Diphasic variation.

WEe have seen that the stimulation of matter causes
- an electric wvariation, and that the acted substance
oradually recovers from the eflfect of stimulus. We
shall next study how the form of response-curves is
modified by various agencies. |
In order to study these effects we must use, in
practice, a highly sensitive galvanometer as the recorder
of E.M. variations. This necessitates the use of an
instrument with a comparatively long period of swing
of needle, or of suspended coil (as in a D’Arsonval).
Owing to inertia of the recording galvanometer, however,
there is a lag produced in the records of E.M. changes.
But this can be distinguished from the eflect of the mole-
cular inertia of the substance itself by comparing two
successive records taken with the same instrument, in
one of which the latter effect is relatively absent, and
in the other present. We wish, for example, to find out
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whether the E.M. effect of mechanical stimulus is in-
stantaneous, or, again, whether the effect disappears
immediately. We first take a galvanometer record of
the sudden introduction and cessation of an E.M.F. on
the circuit containing the vibration-cell (fig. 60, a).
We then take a record of the E.M. effect produced by
a stimulus caused by a single torsional vibration. In
order to make the conditions of the two experiments
as similar as possible, the disturbing EM.F., from
a potentiometer, 1s pre-
viously adjusted to give a
deflection nearly equal to
that caused by stimulus.

o
-

h

| L 1 ———p

5" 29" ag” &60"
Fiz. 60

{a) Arrangement for applying a short-lived E.M.F.
(h) Difference in the periods of recovery: (1) from instantaneous E.M.T.;
and (2) that cansed by mechanical stimulus.

The torsional vibration was accomplished in a quarter
of a second, and the contact with the potentiometer
circuit was also made for.the same length of time.

The record was then taken as follows. The record-
ing drum had a fast speed of six inches in a minute,
one of the small subdivisions representing a second.
The battery contact in the main potentiometer circuit
was made for a quarter of a second as just mentioned
and a record taken of the effect of a short-lived EM.F,
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on the ecircuit containing the cell. (2) A record was
next taken of the E.M. variation produced in the cell
by a single stimulus. [t will be seen on comparison of
the two records that the maximum effect took place
relatively later in the case of mechanical stimulus, and
that whereas the galvanometer recovery in the former
case took place in 11 seconds, the recovery in the
latter was not complete till after 60 seconds (fig. 60, 5).
This shows that it takes some time for the effect of
stimulus to attain its maximum, and that the eflect does
not disappear till after the lapse of a certain interval,
The time of recovery from strain depends on the
intensity of stimulus. It takes a longer time to
recover from a stronger stimulus. But, other things
being equal, successive recovery periods from sue-
cessive stimulations of equal intensity are, generally
speaking, the same.

We may now study the influence of any change in
external conditions by observing the modifications it
produces in the normal curve.

o d0T 45~ o0 _H M

Fra, 61.—FPnrovoxcarion oF PErion oF RECOVERY AFTER OVERSTRADSN
Becovery is complete in 60" when the stimulus is doe to 20° vibration. Buat

with ﬁtrﬂllgﬂ‘r stimulus of 407 vibration, the pericd of recovery is prolonged
to 90",

Prolongation of period of recovery by overstrain.—
The pair of records given in fig. 61 shows how
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recovery is delayed, as the effect of overstrain. Curve
(@) 1s for a single stimulus due to a vibration of
amplitude 20°, and curve (b) for a stimulus of 40°
amplitude of vibration. It will be noticed how rela-
tively prolonged is the recovery in the latter case.
Molecular Model.—We have seen that the electric
response is an outward expression of the molecular
disturbance  produced
by the action of the
stimulus.  The rising
part of the response-
curve thus exhibits the
effect of molecular upset,
and the falling part, or
recovery, the restoration
to equilibrium. The me-
chanical model (fig. 62)

will help us to visualise

A

many complex response
phenomena. The mo-

lecular model econsists

e

Fra. 62.—Moonen snowlse THE Errect oF Fricriox

of a torsional pendulumm—a wire with a dependent
sphere. By the stimulus of a blow there is produced
a torsional vibration
The writing lever attached to the pendulum records

a response followed by recovery.
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the response-curves. The form of these curves, sti-
mulus remaining constant, will be modified by friction ;
the less the friction, the greater 1s the mobility. The
friction may be varied by more or less raising a vessel
of sand touching the pendulum. By varying the
friction the following curves were obtained.

(@) When there is little friction we get an after-
oscillation, to which we have the corresponding pheno-
menon in the retinal after-oscillation (compare fig. 105).

(b and ¢) If the friction is increased, there is a
damping of oscillation. In (¢) we get recovery-curves
similar to those found in nerve, muscle, plant, and
metal.

() If the friction is still further increased the maxi-
mum 1s reached much later, as will be seen in the
mereasing slant of the rising part of the curve; the
height of response is diminished and the period of
recovery very much prolonged by partial molecular
arrest. The curve (d) is very similar to the ‘ molecular
arrest ~ curve obtained by small dose of chemical reagents
which act as ¢ poison’ on living tissue or on metals
(compare fig. 93, a).

(¢) When the molecular mobility is further decreased
there is no recovery (compare fig. 93, 6).

Still further increase of friction completely arrests
the molecular pendulum, and there is no response.

From what has been said, it will be seen that if in
any way the friction is diminished or mobility increased
the response will be enhanced. This is well exemplified
in the heightened response after annealing (fig. 58) and
after preliminary vibration (figs. 81, 82).
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Possibly connected with this may be the increased
responses exhibited by the action of stimulants (figs. 89,
90).

Reduction of molecular sluggishness attended (1)
by quickened recovery.—Sometimes, after a cell has
been resting for too long a period, especially on cold
days, the wire gets into a sluggish condition, and the
period of recovery is thereby prolonged. DBut successive
vibrations gradually remove this inertness, and recovery
is then hastened. This is shown in the accompanying
curves, fig. 63, where (a) exhibits only very partial

0 20 30 S0 " so Seconds

Fia. 63

() Slow recovery of a wire in a sloggish condition.
(B Quickenad recovery in the same wire after a few vibrations.

recovery even after the expiration of 60 seconds,
whereas when a few vibrations had been given recovery
was entirely completed mm 47 seconds (b). There was
here little change in the height of response.

Or (2) by heightened response.—The removal of
slugeishness by vibration, resulting in increased mole-
cular mobility, 18 in other instances attended by in-
crease in the height of response, as will be seen from
the two sets of records which follow (fig. G4). Cold,
due to prevailing frosty weather, had made the wires in
the cell somewhat lethargic. The records in (a) were
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the first taken on the day of the experiment. The ampli-
tudes of vibration were 45° 90° and 135°. In(b) are
agiven the records of the next series, which are in every
case oreater than those of (a). This shows that pre-
vious vibration, by conferring increased mobility, had
heightened the response. In this case, removal of mole-
cular sluggishness is attended by greater mtensity of re-
sponse, without much change in the period of recovery.
In connection with this it must be remembered that

‘@ / o (6) ] A

-
\\‘ -:"‘h-..._
\ ] P |
: "‘--..______ K — ——
[ — | [
o 15" 30" 45" 60" O Is" 30" as5" e&0"

Fra. 64
() Three sets of responses for 45°, 907, and 185° vibration in a sluggish wire.
i i o i s
oreater strain consequent on heightened response has a
general tendency to a prolongation of the period of
recovery.

It is thus seen that when the wire is in a sluggish
condition, successive vibrations confer increased mole-
cular mobility, which finds expression in quickened re-
covery or heightened response.

Effect of temperature.—Similar considerations lead
us to expect that a moderate rise of temperature will be
conducive to increase of response. This Is exhibited
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the next series of records. The wire at the low tem-
perature of 5° C. happened to be in a sluggish condition,
and the responses to vibrations of 45° to 90° in amplitude
were feeble. Tepid water at 30° C. was now substituted
for the cold water in the cell, and the responses under-

(b)
7:.
2 c
45 f ’J
90
feT ./
90" 45’
4.5 )/
5c¢C 30°C _ 90°C

Fic. G5.—Resroxses oF A4 WIinE 1o AMPLITUDES ofF VieBaTion 452 ixp 90°

(@) Responses when the wire was in a sluggish condition at temperature of 5° C.
%) Enhanced response at 30° C.
() Diminution of response at 90° C,

went a remarkable enhancement. But the excessive
molecular disturbance caused by the high temperature of
907 C. produced a great diminution of response (fig. 65).

Diphasic variation.—It has already been said that if
two points A and B are in the same physico-chemical
condition, then a given stimulus will give rise to similar
excitatory electric eflects at the two points. It the
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calvanometer deflectionis ¢ up * when A alone is excited,
the excitation of B will give rise to a downward
deflection. When the two points are simultaneously
excited the electric variation at the two points will
continuously balance each other. Under such conditions
there will be no resultant deflection.  Butif the intensity
of stimulation of one point is relatively stronger, then
the balance will be disturbed, and a resultant deflection
produced whose sign and magnitude can be found
independently by the algebraical summation of the
individual effects of A and B.

Tt has also been shown that a balancing point for
the block, which is approximately near the middle of
the wire, may be found so that the vibrations of A and
B through the same amplitude produce equal and
opposite deflection. Simultaneous vibration of both will
give no resultant eurrent ; when the block is abolished
and the wire 1s vibrated as a whole, there will still be no
resultant, inasmuch as similar excitations are produced
at A and B,

After obtaining the balance, if we apply an exciting
reagent like Na,CO, at one point, and a depressing reagent
like KBr at the other, the responses will now become un-
equal, the more excitable pomnt giving a stronger deflec-
tion. We can, however, make the two deflections equal
by increasing the amplitude of vibration of the less
sensitive point. The two deflections may thus be ren-
dered equal and opposite, but the time relations—the
latent period, the time rate for attaining the maximum
excitation and recovery from that eflect—will no longer .
be the same in the two cases. There would therefore
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be no continuous balance, and we obtain instead a very
interesting diphasic record. I give below an exact re-
production of the response-curves of A and B recorded
on a fast-moving drum. It will be remembered that
one point was touched with Na,CO; and the other with

A

(8¢ )
Fro. G6.—Dirnasic VARIATION

@) Records of A and B obtained separately. R’ is the resultant by algebraical
summation. (b) Diphasic record obtained by simultansous stimulation of
A and B.

KBr. By suitably increasing the amplitude of vibration

of the less sensitive, the two deflections were rendered

approximately equal. The records of A and B were at

first taken separately (fig. 66,a). It will be noticed that

the maximum deflection of A was attained relatively
|
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much earlier than that of B. The resultant curve r’
was obtained by summation.

After taking the records of A and B separately, a
record of resultant effect R due to simultaneous vibra-
tion of A and B was next taken. It gave the curious
two-phased response — positive effect followed by
negative after-vibration, practically similar to the re-
sultant curve ®' (fig. GG, b).

The positive portion of the curve is due to A effect
and the negative to B. If by any means, say by
either increasing the amplitude of vibration of A or
increasing its sensitiveness, the response of A 1s very
greatly enhanced, then the positive effect would be
predominant and the negative effect would become
inconspicuous. When the two constituent responses
are of the same order of magnitude, we shall have a
positive response followed by a negative after-vibration ;
the first twitch will belong to the one which responds
earlier. If the response of A is very much reduced,
then the positive effect will be reduced to a mere
twitch and the negative effect will become predominant.

[ give aseries of records, fig. 67, in which these three
prineipal types are well exhibited, the two contacts
having been rendered unequally excitable by solutions
of the two reagents KBr and Na,CO,. A and B were
vibrated simultaneously and records taken. (a) First,
the relative response of B (downward) is increased by
increasing its amplitude of vibration. The amplitude
of vibration of A was throughout maintained constant.
The negative or downward response is now very con-
spicuous, there being only a mere preliminary indication
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of the irti‘*-lli‘l.'l‘ effect.  (6) The :nmp[itml.- of vibration
of B 18 now ﬁ[i}_-'h”"r reduced. and we obtamn the lii|1]|$l~'~[|'
effect. (¢) The intensity of vibration of B ig diminished
st1ll further, and the lH'I'_".‘II‘I".'{‘ effect 18 seen reduced to
a shight downward after-vibration, the ]:n.-'ailix'e* up-curve

being now very prominent (fig. 67).

i (RN |

Fra. 67.—Neoarive, Ienasio, axp PosiTive Resvnraxt Respoxse

Continuous transformation from negative to positive
[ have shown the three phases of transformation, the
intensity of one of the constituent responses being
varied ||}' alterine the §|||[-1|:-a'llj..‘ of disturbance.

[n the following record (fie. 68) I succeeded in
obtaining a continuous transformation from positive to
negative phase by a continuous change in the relative
sensitiveness of the two contacts.

[ found that traces of after-effect due to the applica-
tion of Na,CO; remain for a time. If the reagent is
Erl'w\'inlh‘]‘i' :I]JI]lii'il 0 an area .-md 1]|1' traces of the

[
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carbonate then washed off, the increased sensitiveness
conferred disappears gradually. Again, if we apply
Na, (O, solution to a fresh point, the sensitiveness
oradually increases. There is another further interesting
point to be noticed : the beginning of response is earlier
when the application of Na,CO is fresh.

We have thus a wire held at one end, and suceessive
uniform vibrations at intervals of one minute imparted

v

Fi. GE.—Contisvovrs TRANSFORMATION FROM NEGATIVE To PosiTivE
THREOUGH ISTERMEDIATE DirHasic Besroxse

Thick dots represent the times of application of suecessive stimuli.

to the wire as a whole, by means of a vibration head
on the other end.

Owing to the after-eflect of previous application
of Na,CO; the sensitiveness of B is at the beginning
great, hence the three resultant responses at the be-
ginning are negative or downward. .

Dilute solution of Na,('0, is next applied to A. The
response of A (up) begins earlier and continues to grow
stronger and stronger. Hence, after this application,
the response shows a preliminary positive twitch of A
followed by negative deflection of B. The positive grows
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CHAPTER XIV
INDRGANIC RESPOXEE—TFATIGUE, STAIRCASE, ANXD MODIFIED
RESPONSE

Fatigue in metals—I"atigue under continuous stimulation—Staircase effect

—Reversed responses due to molecular modification in nerve and

metal, and their transformation into normal after eontinuous stimula-
tion—Increaszed response after continnous stimulation.

Fatigue.—In some metals, as in muscle and i plant,
we find instances of that progressive diminution of
response which 18 known as faticue (fie. GY). The
accompanying record shows this in platinum (fig. 70).
[t has been said that tin is
practically indefaticable. We
must,

lowever. remeniber hat

this 1s a LllLE:r«IiUtl of {11';_"1'1'1'

A;'L

LMIUJ\'L'L'I.%L&M«.'@.L-.-

Fira. 6. —FATiGUE 1IN MUsSCLE Pra, Tk

VATIGUE 1IN
(WALLER) Prarixoey

only. Nothing is absolutely indefatigable. The exhi-
bition of fatigue {ll']ll']!'i['-i on various conditions, Even
in tin, then, I obtained the characteristie fatigue-curve

with a specimen which had been in continuous use for
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many days (fig. 71).  While discussing the subject of
fatioue in plants, I have adduced considerations whicl
showed that the residual
eflect of strain was one
of the mamn causes for
the ]J]'mhlt'ﬁrm of faticue.
This 1'11!11'1[1Hiut! !'t't'i“l"p'l.“-i
independent support from
the records obtained with
metals.

In this connection the

important fact is that the
\':II'IUFII"- l"..']fli'.'l[ JE';U.’i;{llr Fic. T1.—Farcue sHowx By Tix
- i ;i e WINE WHICH HAD BEEN CONTINU-
i'”l‘l'h- E‘:‘f]l!ilﬂl'll 111 ]l".'li]:_" OESLY STIMULATED FOR SEVERAL
Iraxs
.‘*t'.lil‘-:T.'ilfllf'E".'-C. are t'.‘{:tl:"[ll".' I'é-
produced in metals, where there can be question neither
of I':11ij_='|u*-lrl‘+ et ]n‘u:]llc-ihg‘ I'.'Hij_rlle' effects. nor of those

construetive processes by which they might be removed.
We have seen, both in muscles and in plants, that if
suflicient tine for {!n]]]];ll'H' recovery be allowed between
each 1::15!' of stimuli, the ||1"If_f|L1.- of successive responses
are the same. and there is no apparent fatigue (see
page 39). But the height of response diminishes as
the execitation interval is shortened. We {ind the same
thing in metals. Below is given a record taken with
tin |1'|I-_-', i 2). TIH'HII}_‘[]{JII1 the E‘."\.']Jli‘r'hllt'til' the .'HH]JHLHLII'
of wvibration was maintained constant, but in (a) the
interval between consecutive stimuli was 1', while in (#)

this was reduced to 307. A diminution of height
immediately occurs.  On restormg the original rhythm

as 1n (¢), the responses revert to their first large value.,
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Thus we see that when the wire has not completely
recovered, 1ts responses, owing to residual strain, under-
oo diminution. Height of response is thus decreased
by incomplete recovery. If then sufficient time be not
allowed for perfect recovery, we can understand how,
under certain eircumstances, the residual strain would
progressively increase with repetition of stimulus, and

thus there would be a progressive diminution of height

(i) l,l’-_l [eh

Fra. T72.—Drovsurion oF RESPOXSE DUE TO SHORTENING THE Perion o)
REcovenRy

The stimulus is maintained constant. In (#) the mterval between two sne
cessive stimuli 18 llI||":ILiI.'Ll|.I!'1 i () ik 18 half a mimute, and m (e) 1t 18 :"l;_['.'l.Ell
one I:'|'i'|'|:11_|,-. .|‘.|!1' I|'-~'|!--|'-1I--1I i'|| -ir,JI i-- r‘|-|-||',4-|' []m!l i'|'| |"i',]||l|_' [t} o 1.

of response or l}lli.u'llt-. .ll'Ll*_f:iill. we saw in the last
chapter that increase of strain necessitates a longer
period of recovery. Thus the longer a wire is stimu-
lated, the more and more overstrained it becomes, and
it therefore requires a gradual prolongation of the in-
terval between the successive stimuli, if recovery is to
be complete. This interval, however, being maintained
constant, the recovery periods virtually undergo a

oradual reduction, and successive recoveries become
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more and more incomplete. These considerations may
be found to afford an insight into the progressive diminu-
tion of response in fatigned substances,

Fatigue under continuous stimulation.—Fatigue is
perhaps best shown under continuous stimulation.  For
example, in muscles, when fresh and not fatigued, the
top of the tetanic curve is horizontal, or may even be
ascending, but with long-continued stimulation the
curve declines. The rapidity
of this decline depends on the
nature of the musele and its
previous condition.

In metals I have found (a) 3
exactly parallel instances.  1In By

tiil, =0 ]IH].E" Ii.ﬂh]e Lo fﬂtif_"'“{‘. (¢ The top of response-curve un-
der continunons stimulation in

the top of the curve 1s hori- tin is horizontal or ascending

: : as in figure. (B In platinmm

zontal or ascending ; or it may there is rapid decline owing to
: : fatigne.

exhibit a slight decline. But
the record with platinum shows the rapid decline due
to fatigue (fig. 73).

Taking any of these instances, say that in which
fatigue is most prominent, it is found that short period
of rest restores the original intensity of response. This
affords additional proof of the fact that fatigue is due to
overstrain, and that this strain, with its sign of attendant
fatigue, disappears with time.

Staircase effect.—We shall now discuss an eflect
which appears to be the direct opposite of fatigue.
This is the curious phenomenon known to physiologists
as ‘the staircase ’ eflect, in which successive uniform
stimuli produce a series of inereasing responses.  This
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18 seen under particular eonditions in the response of
certain muscles (fig. 74, a). It is also observed some-
times even in nerve, which otherwise, generally speaking,
gives uniform responges. Of this effect, no satisfactory
theory has as yet been offered. Tt is in direct contra-
diction to that theory which supposes that each
stimulus is followed by dissimilation or break-down of
the tissue, l'{‘{-lllt'ill;_f its function below par. For in these
cases the supposed dissimilation 1s followed not by a
decrease but by an increase of functional activity,  This
‘staircase effect” I have shown to be oceasionally
exhibited by plants. I have
also found it in metals, In

ij]f[ M‘HLL the last chapter we have

seen that a wire often falls.

especlally after resting for

() (i)

i o 11 *..l}; ate O
Fig. 74.—* Srancase ' EFrFeECT : |1 g time, 1nt 1 state 1

() in muscle {after Engelmann). I‘H'IIIEL'H'EII‘H'E* !‘:'-llll‘_ﬁ'j_*'i?*ltill['“h.
(&) in metal. .
and that this molecular
mertness then gradually gives place to increased
mobility under stimulation. As a consequence, an
increased response is thus obtained. T give infig. 74, b,
a series of responses to uniform stimuli, exhibited by
platinum whieh had been at rest for some time. This
effect is very clearly shown here. So we see that in
a substance which has previously been in a sluggish
condition, stimulation confers increased mobility.  Re-
sponse thus reaches a maximum, but continued stimu-
lation may afterwards produce overstrain, and the
subsequent responses may then show a decline. This
consideration will explain certain types of responses
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exhibited by muscles, where the first part of the series
exhibits a staircase increase followed by declining
responses of fatigue.

Reversed response due to molecular modification and
its transformation into normal after continuous stimulation
(1) in nerve.—LReference has already been made to the fact
that a nerve which, when fresh, exhibited the normal
negative response, will often, if kept for some time in
preservative saline, undergo a molecular modification,
after which it gives a positive variation. Thus while
the response given by fresh nerve is normal or negative,

a stale nerve gives modified. i.e. reversed or positive,

response. This peculiar modification does not always
occur, vet is too frequent to be considered abnormal.
Again, when such a nerve is subjected to tetanisation
or continuons stimulation, this modified response tends
once more to become normal,

It is found that not only tetanisation, but also CO,
has the power of converting the modified response into
normal. Hence it has been suggested that the conver-
sion under tetanisation of modified response to normal,
in stale nerve, is due to a hypothetical evolution of CO,
in the nerve during stimnlation.!

(2) In metals.—I have, however, met with exactly
parallel phenomena in metals, where, owing to some
molecular modification, the responses became reversed,
and where, under continmous stimulation, thongh here

! ¢ Considering that we have no previous evidence of any chemical or
physical change in tetanised nerve, it seems to me not worth while pausing
to deal with the eriticism that it ig not CO,, but * something else ” that has
given the result.—Waller, Animal Electricity, p. 59. That this pheno-
menon 15 nevertheless capable of physical explanation will be shown
presently.
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there could be no ]]tl:-.‘nll]l[lill‘l.' of the evolution of 5
theyv tended .'l_‘_E':’liII to become normal.
II' atter IHHLIH!iII,Lt' a wire i a cell |1]|:-1l ‘u"."l1i1 WAaler,

1t be =et aside for too |1|I|_-_:' a litm'. [ have sometimes

noticed that it undergoes a certain modification, owing
to which its response ceases to be normal and becomes
r't"".'l".'"-l'l:! .IIl -'II'_-;H, | have ulllrlinm] EhIIH eflect ‘-.1"|l:h
varions metals, for instance lead and tin, and even with

the t'}]E‘IHiI'.‘IHI‘L' mactive substance— [1].'Ilil1ll1ll.

Fig. 75.—Apxorval PosiTive (or) Besroxse 1 NERVE CONVERTED INTO
Noruan (powx] BespoxseE AFTER Coxtmivovs StimviatioN T (Wannez)

The galvanometer is not dead-beat, and shows after-oscillation.

The “-”hjl'l't will be made clearver it we first follow
i detail the phenomenon exhibited by modified nerve,
oving this abnormal response.  The normal responses
in nerve are usually represented by *down’ and the
reversed abnormal responses by “up’ curves. In the
||l|:|lili|-t[ nerve, then, the .'Ihlunl'ltt.‘ll responses are = 1p :
instead of the normal *down.” The record of such
abnormal response in the modified nerve is shown in

l'}f. i =), It will be noticed that i1| [h'lh. 1|li' SUCCessIve
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responses are undergomg a diminution, or tending
towards the normal.  After continuous stimulation or
tetanisation (1), it will be seen that the abnormal or
“up ' responses are converted into normal or ¢ down.’

[ shall now give a record which will exhibit an
exactly smmlar transformation from the abnormal to
normal response after continuous stimulation. Here
the normal responses are represented by ‘up’and the
abnormal by “down ™ curves. This record was eiven
by a tin wire, which had been
molecularly modified (fig. 76).

We have at first the abnormal

Before T After Before T After
i, Th Fia, 77
Abmormal  down * responzse in tin (fig. 76) and in platinum (fig. 77) transformed
into normal ‘up ' response, after continnous stimulation, T.
responses ;  successive responses are undergoing a
dimmution or tending towards the normal; after con-
timuons stimulation 111";. the subsequent responses are
seen to have hecome normal.  Another record, obtained
with platinum, shows the same phenomenon (fie. 77).

(n ir]:li'llllﬂ‘ the three sets of records—nerve. tin. and
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platinum-—side by side, it will be seen how essentially
similar they are in every respect.'

This reversion to normal 1s seen to have appeared in
a pronounced manner after rapidly continuous stimula-
tion, in process of which the modified molecular condi-
tion must in some way have reverted to the normal.

Being desirous to trace this change gradually taking
I]]:H'l‘._ I took a Er]zliiltllm wire cell g‘i‘u'it];:‘ modified

responses, and obtained a series of records of effects of

e AN

Fia. T8.—THE Gravual TraxsiTioN FROM ApNoRMAL T0 NonMan RespoNse
¥ PraTmou

The transition will be seen to have commenced at the thivdand ended at the seventh,
connting from the left.

individual stimuli continued for a long time. In this
series, the points of transition from modified response to
normal will be clearly seen (fig. T8).

In order to explain the phenomena of electric response, some physio-
logists assume that the negative response is due to a process of dissimilation,
ar breakdown, and the [lllwil‘h':: to a process of azsimilation, or building up .
of the tissue. The modified or positive response in nerve is thus held to he
due to assimilation ; after continuous stimulation, this process iz supposed
to be transformed into one of dissimilation, with the attendant negative
response.

How arbitrary and unnecessary such assumptions are will become evi-
dent, when the abnormal and normal responses, and their transformation
from one to the n:l!wr'. are found rr'|hL':lll'Ll in all details in metals, wh;-]*‘-
there ean be no questicn of the processes of assimilation or dissimilation.
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Increased response after continuous stimulation.
We have seen that re-
sponses to uniform sti-
muli sometnnes show a
staircase Inerease, ap-
[I.‘I."I*Ill|“n.' rm'lil}_f to the
oradual removal of mole-
cular slugoishness. Pos-

sibly analogous to this

15 the ncrease of re- ‘ T
; : Fiz. T9.—Trr Normain REsSPOXSE o IN
"~[IIIH"~I.' 111 nerve alter NenveE Exnaxcen 10 & arreER Cox-
. . : rixpous STIMULATION T (WALLER)
continuons  stimulation . ool R e i vacosdsd
Fidlowe.!

or '.l'lﬂ[li‘-l:lli!lll, observed

by Waller (fie. 79). Like the staircase eflect, this

E:'JI "_.|||'1' T .I'tj-ll't'

Fic. &80.—ExnaxcED Besproxse 135 Pratisvs aFTER CoNTINUOUS SrimunaTion T

contravenes the commonly accepted theory of the dis-
similation of tissue by stimulus, and the consequent

depression of response. 1t 18 sugoested by Waller that
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this increase of response after tetanisation may be due to
the hypothetical evolution of CO, to which allusion has
previously been made.

Jut there is an exact correspondence between this
phenomenon and that exhibited by metals under
similar conditions. I give here two sets of records

(figs. 80, 81), one obtained with platinum and the

Before T After

Fig. 81. —Exmaxcepr Respoxse 18 Tix arrer Coxrixvovs Srimorat ox T

other with tin, which demonstrate how the response is
enhanced after continuous stimulation m a manner
exactly similar to that noticed in the case of nerve.
The explanation which has been suggested with
recard to the stairease eflect—inereased molecular
mobility due to removal of sluggishness by repeated

stimulation—would appear to be applicable in this case
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also. It would appear, then, that in all the phenomena
which we have studied under the heads of ¢stair-
case " effect, increase of response after continuous sti-
mulation, and fatigue, there is a similarity between the
observations made upon the response of muscle and
nerve on the one hand, and that of metals on the other.
Evenin their abnormalities we have seen an agreement.

But amongst these phenomena themselves, though
at first sight so diverse, there is some kind of continuity.
Calling all normal response positive, for the sake of
convenience, we observe its gradual modification,
corresponding to changes in the molecular condition of
the substance.

Beginning with that case in which molecular modi-
fication is extreme, we find a maximum variation of
response from the normal, that is to say, to negative.

Continued stimulation, however, brings back the
molecular condition to normal, as evidenced by the pro-
gressive lessening of the negative response, culminating
in reversion to the normal poesitive. This is equally
true of nerve and metal.

In the next class of phenomena, the modification
of molecular condition is not so great. It now exhibits
itself merely as a relative inertness, and the responses,
though positive, are feeble. Under continued stimula-
tion, they inerease in the same direction as in the last
case, that is to say, from less positive to more positive,
being the reverse of fatigue. This is evidenced alike
by the staircase effect and by the increase of response
after tetanisation, seen not only in nerve but also in
platinum and tin.
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The substance may next be in what we call the
normal condition. Successive uniform stimuli now
evoke uniform and equal positive responses, that is to
say, there is no fatigue. But after intense or long-
continued stimulation, the substance is overstrained.
The responses now undergo a change from positive to
less positive ; fatigue, that is to say, appears.

Again, under very much prolonged stimulation the
response may decline to zero, or even undergo a reversal
to uﬁgu.til:a.,ﬁ phenomenon which we shall find instanced
in the reversed response of retina under the long-
continued stimulus of light.

We must then recognise that a substance may exist
in various molecular conditions, whether due to internal
changes or to the aection of stimulus. The responses
oive us indications of these conditions. A complete
cycle of molecular modifications can be traced. from
the abnormal negative to the normal positive, and then
again to negative seen ip reversal under continuous
stimulation.
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CHAPTER XV

INORGANIC RESPONSE—RELATION BETWEEXN STIMULU=S AND
RESPONSE—SUPERFOSITION OF STIMULI
Relation between stimulus and response—Magnetic analogue— Inereasze of

response with inereasing stimulus—Threshold of response—Superposition
of stimuli—H vsteresis,

Relation between stimulus and response.—We have
seen what extremely uniform responses are given by
tin. when the intensity of stimulus is maintained constant.
Hence it is obvious that these phenomena are not
accidental, but governed by definite laws. This fact
becomes still more evident when we discover how
invariably response is increased by increasing the
intensity of stimulus,

Electrical response is due, as we have seen, to a
molecular disturbance, the stimulus causing a distortion
from a position of equilibrium. In dealing with the
subject of the relation between the disturbing foree and
the molecular eflect it produces, it may be instructive
to consider certain analogous physical phenomena in
which molecular deflections are also produced by a
distorting force.

Magnetic analogue.—Let us consider the effect that
a magnetising force produces on a bar of soft iron. It
is known that each molecule in such a bar is an

K 2
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individual magnet. The bar as a whole, nevertheless, ex-
hibits no external magnetisation. This is held to be due

the fact that the molecular magnets are turned either
in haphazard directions or in closed chains, and there is
therefore no resultant polarity. But when the bar is
subjected to a magnetising force by means, say, of a sole-
noid carrying electrical current, the individual molecules
are elastically deflected, so that all the molecular magnets
tend to place themselves along the lines of magnetising
force. All the north poles thus point more or less one
way, and the south poles the other. The stronger the
magnetising force, the nearer do the molecules approach
to a perfect alignment, and the greater is the induced
magnetisation of the bar.

The intensity of this induced magnetisation may be
measured by noting the deflection it produces on a
freely suspended magnet in a magnetometer.

The force which produees that molecular deflection,
to which the magnetisation of the bar is immediately due,
is the magnetising current
flowing round the solenoid.

§*u The magnetisation, or the
il :

E’E molecular effect, is measured
= by the deflection of the mag-

W tisis o s netometer. We may express

Fra. 82.—Curve or Maoxeriamox V€ Telation between cause

and effect by a curve in which

the absecissa represents the magnetising current, and
the ordinate the magnetisation produced (fig. 82).

In such a curve we may roughly distinguish three

parts.  In the first, where the force is feeble, the mole-



INORGANIC RESPONSE 133

cular deflection is slight. In the next, the eurve is rapidly
ascending, i.e. a small variation of impressed force
produces a relatively large molecular effect. And
lastly, a limit is reached, as seen in the third part, where
increasing force produces very little further eflect. In
this cause-and-eflect curve, the first part is slightly
convex to the abscissa, the second straight and ascend-
ing, and the third concave.

Increase of response with increasing stimulus,—We
shall find in dealing with the relation between the
stimulus and the molecular effect—i.e. the response—
something very similar.

On gradually increasing the intensity of stimulus,
which may be done, as already stated, by increasing
the amplitude of wvibration, 1t will be found that,
beginning with feeble stimulation, this increase is at
first slight, then more pronounced, and lastly shows a
tendency to approach a limit. In all this we have a’

perfect parallel to corresponding phenomena in animal |

and vegetable response. We saw that the proper
investigation of this subject was much complicated, in
the case of animal and vegetable tissues, by the ap-
pearance of fatigue, The comparatively indefatigable
nature of tin causes it to offer great advantages in the
pursuit of this inquiry. I give below two series of
records made with tin. The first record, fig. 83, is for
increasing amplitudes from 5° to 40° by steps of 5,
The stimuli are imparted at intervals of one minute,
It will be noticed that whereas the recovery is complete
in one minute when the stimulus is moderate, it is not
quite complete when the stimulus is stronger. The
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recovery from the effect of stronger stimulus is more

prolonged. Owing to want of complete recovery, the

LI} 13 =l

i
Fi;. B3.—Becorns oF Bespoxses 19 Tix wrire INCREASING STIMULI, AMPLI-
TUDES oF YIBRATION From &% To 40°
The vertical line to the riehi represents “1 volt.

base line is tilted slightly upward. This slight dis-

ljlili'l']]]i‘rl[ of the zero lime does not materially afleet
the result. lurnn'ilhﬂ the H!ﬂlllih;' 18 Hl].-_rh[.
TABLE SHOWING THE INcrREasING ELEcTRIc HESPONSE DUE TO
INCREASING AMPLITUDE OF VIRRATION

Vibration amplituds E.M. variation
g ‘024 vaolt
{1 1 5¥)
20 111
25° 143
i) 150
35" 187
40 204

The next figure (fig. 84) gives record of responses
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a

through a wider range. For accurate quantitative
measurements it 18 preferable to wait till the recovery
18 4'u|1|[1]:-1{*_ We
may accomplish this
within the limited
Rpace of 1]]1- r'vrrrt'cl—
1114

}
-

]l]lnlny'l':lpllil'
plate by making
the record for one
minute ; during the

rest of recovery, the

clockwork moving

Fiz. 584.—A Brcoxp SBEr oF BECORDE WITH A

the Er]‘llh‘ 1= 'h;[“lr.l”'l] DipreEnExTt Sreciveny or Tiy
ElEH] [;]L* ,'_'".'II."'.'EIIITI' The amplitudes of vibration are increased by
3 ateps of 10°, from 207 o 160°%. [(The deflec-
meter ,_,-1;,“1 of hL"]l[ tions are reduced by interposing a high ex
- ternal resistance

ir cut off, T]Hl:- l]lq'

next record starts from a larmim of ¢ m]plt-ltfil recovery,
which will be noticed as a bright spot at the beginning
of each curve. With stimulation of high intensity, a
tendency will be noticed tor
the responses to ;1|+]1|‘:|:H']| i
]I:Illil.

Threshold of response.

There 18 a minimum intensity

of stimulus below which there
Fia. 85. —HEFFECT 0F SUPERIOSI-
TN oN L1y

A single st !I||1]|l-\-|"l'1:ll.|'|||'l"-\.:i':|':.l'l'lll-il' 1\_‘4 may ]'Lllu':!_|'|‘|_ 1_]'|i:-C []{}i“! As

effect :-]l.-l'ﬁ'!. ':]I 1b||- 1i|'-.[ |'l'-ir|||]|3-|r,
Superpoeion of 8, 6, 18 meh phy thyechold of responee:
stimnuli produce the succeedinge

SEronger responses,

1s hardly any visible response.

Though apparently ineffective,
the subliminal stimuli produce some latent eflect, which

may be demonstrated by their additive action. The
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record in fig. 85 shows how mndividually feeble stimul
become markedly eflective by superposition.
Superposition of stimuli, —The additive eflect of suc-
ceeding stimuli will be seen from the above. The fusion
of effect will be incomplete if the frequency of stimula-
tion be not sufficiently ereat ; but it will tend to be more

Fig. 86.-=IxcosmrLerE anp ConrrereE Fusiox or Errecr 1w Tix

Ag the frequency of stin mlation is inereased the fusion becomes more and more

-:'-l!.'!|_l|l.'!-'. YVertieal line to the l'!_....'ll J'-'|II'-'-|'!|‘.- ‘1 volt.

{'{a||11;h-[4- with ]Ii;_"EIE‘t' l'|‘+-dit1£*|u':«' of stimulation :klij_"_ 50 ).
We have here a EIIH'::I]IL'] case to the |'r11|L]JIL'-h' and in-
complete tetanus of museles, under similar conditions.
By the addition of these rapidly succeeding stimuli,
a maximum eflect 1s ]J]'H{]illit'll.. and further stimulation

;ulr.'.n turl]lill;' to this. The elfect 1s 11:1]:l!|¢'='ll ]J_".' a force
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of restitution. The response-curve thus rises to its
maximum, after which the deflection is held as it were
rigid, so long as the vibration is kept up.

[t was found that increasing intensities of single
stimuli produced correspondingly increased responses.
The same is true also of groups of stimuli. The maximum

| |
| %Eﬁp—?ﬂ
e S ;

e

/ i |

//l a |
- P

ovolL, ' Va

4

- |
o 20° 40° 60" 80° 00°

Fis. 87.—Cycuic Copve Fou Maxinru ErrFecrs smowixa HysteEresis

eflect produced by superposition of stimuli increases
with the intensity of the constituent stimull.
Hysteresis.—Allusion has already been made to
the inereased responsiveness conferred by preliminary
stimulation (see p. 127). Being desirous of finding out
in what manner this is brought about, I took a series
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L]

of observations for an entire cycle, that is to say, a
series of observations were taken for maximum effects,
starting from amplitude of vibration of 10° and ending
in 100°% and backwards from 100° to 10°. Effect of
hysteresis is very clearly seen (see A, fig. 87); there
is a congiderable divergence between the forward and
return curves, the return curve being higher. On re-
peating the eyele several times, the divergence is found
very much reduced, the wire on the whole is found to
assume a more constant sensitiveness. In this steady
condition, generally speaking, the sensitiveness for
smaller amplitude of vibration is found to be greater
than at the very beginming, but the reverse is the case
for stronger intensity of stimulation.

Effect of annealing.,—I repeated the experiment with
the same wire, after pouring hot water into the cell and
allowing it to cool to the old temperature. From the
cyclic curve (B, fie. 87) it will be seen (1) that the sen-
sitiveness has become very much enhanced; (2) that
there is relatively less divergence between the forward
and return curves. Even this divergence practically
disappeared at the third eycle, when the forward and
backward curves coincided (¢, fig. 87). The above
results show in what manner the excitability of the wire
1s enhanced by purely physical means.

It is very curious to notice that addition of Na,CO,
solution (see Chap. XV—Action of Stimulants) produces
enhancement of responsive power similar to that pro-
duced by Annealing ; that is to say, not only is there a
great increase of sensitiveness, but there 1s also a
reduction of hysteresis.
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CHAPTER XYVI
INORGANIC RESPONSE—EFFECT OF CHEMICAL REAGENT

'."-:l-t"“l" Action of st :I.=:.ZI||I:- 0] it|1-'.:|E- At i-||| 518

Action of chemical
depressants on metals Lffect of *poisons” on metals—Opposite effect of

laree and small doses,

WE have seen that the ultimate criterion of the physio
|H_'_:'in':|] character of electric response 15 held to be its
abolition when the substance 1s -LE|}|il-|'11-:[ to  those
chemical reagents which act as poisons,

Action of chemical reagents.— U1 these reagents, some
are universal in their action, amongst which strong

solutions of acids and alkalis, and =salts like mercuric

-

Fig. 88.—Actrrox oF Poisroxw 1 Aponisnincg Bresroxse 1w NErvE (WALLER)

chloride, may be cited. These act as powerful toxie
acents, killing the lLiving tissue, and causing electrie
response to disappear. (See fig. 88.) It must, how-

iat there are again speeific poisons

aver., 1”' ]'P‘tlh-}]]ln']'t-rl I
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which may affect one kind of tissue and not others,
Poisons in general may be regarded as extreme cases of
depressants. As an example of those which produce
moderate physiological depression, potassium bromide
may be mentioned, and this also diminishes electric
response. There are other chemical reagents, on the
other hand, which produce the opposite effect of increas-
ing the excitability and ecausing a corresponding exalta-
tion of electric response.

We shall now proeceed to inquire whether the re-
sponse of inorganic bodies is affected by chemical
reagents, so that their excitability is exalted by some,
and depressed or abolished by others. Should it prove
to be so, the last test will have been fulfilled, and
that parallelism which has been already demonstrated
throughout a wide range of phenomena, between the
electrie response of animal tissues on the one hand, and
that of plants and metals on the other, will be com-
pletely established.

Action of stimulants on metals.—We shall first study
the stimulating action of various chemical reagents,
The method of procedure is to take a series of normal
responses to uniform stimuli, the electrolyte being water.
The chemical reagent whose eflect 1s to be observed is
now added i small quantity to the water i the cell,
and a second series of responses taken, using the same
stimulus as before. Generally speaking, the influence
of the reagent is manifested in a short period, but there
may be occasional instances where the eflect takes some
time to develop fully. We must remember that by the
introduction of the chemical reagent some change may
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be produced in the internal resistance of the cell. The
eflect of this on the deflection is eliminated by inter-
posing a very high external resistance (from one to five
megohms) in comparison with which the internal re-
sistance of the cell is negligible. The fact that the
mtroduction of the reagent did not produce any varia-

tion 1 the total resistance of the eircuit was demonstrated

Bifore * After

Fia. 89.—8rmariamseg Actiox oF Na,CO; ox Tix

]J_\.' [.'I]-QE!I:_" two deflections. due to a definite fraction of
a volt, before and after the introduction of the re-
acent. These deflections were found E_‘{illit]_

[ first give a record of the stimulating action of
sodinm earbonate on Ti]l., which will become evident ]]}.“
a comparison of the responses before and after the

imtroduction of Na,CO, (fie. 89). The next record
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shows the effect of the same reagent on platinum
(fig. 90).

Action of depressants.—(‘ertain other reagents, again,
produce an opposite effect. That is to say, they
diiminish the intensity of response. The record given
on the next page (fig. Y1) shows the depressing action

of 10 per cent. solution of KBr on tin.

B -

Fra, 90.—Srouvrarivg Acriox or Na.CO, ox Pratizom

Effect of ¢ poison.'—[iving tissues are killed, and their
electric responses are at the same time abolished by the
action of poisons. It is very curious that various chemical
!'L":'l:[‘lll.‘h are nil:]]l:[?'l_‘;' eflective ill_ l;'l]|i|'=l-_;' lln- 1':--'lmlésl~
of metals. I give below a record (fig. 92) to show how
oxalic acid abolishes the response. The depressive
eflect of this reavent 1s so oreart that a .=='1I't*.|ll'_"';]| of one

par m 10000 1s often sufheient to [||'1.[|uu-t- complete
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:'|h| b]iliu[i. .-\lur‘.lu-l‘ notable EJHEILE "-\'i1|t 1'1'11'1‘1.'“1'1' Lo 1111'

action of this reagent is the persistence of after-eflect.

Fri, 91.—Derressing Ervrzct o KBr (10 rEr CeNT.) 0% THE RESPONBE 01
Tix

This will be clearly seen from an account of the follow
g experiment. The two
wires A and B, in the cell
lilledd with water. were

found to give equal re
sponses.  The wires were
now lifted off. and one
wire B was touched with
dilute oxalic acud. All
traces of acid were next

removed by rubbing the

wire with c¢loth II]|||1‘|‘

BT v ':' After

a stream ol water. (I Fic. 92.—Anonitiox o Bespoxse oy
. . - OXALIC AcCID
replacing the wire in the

—
[

cell, A gave the usual response, whereas that of B
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was found to be abolished. The depression produced is
so great and passes in so deep that I have often failed to
revive the response, even after rubbing the wire with
emery paper, by which the molecular layer on the sur-
face must have been removed.

We have seen in the molecular model (fig. 62, d, ¢)
how the attainment of maximum is delayed, the re-
sponse diminished, and the recovery prolonged or
arrested by increase of friction or reduetion of mole-
cular mobility.

It would appear as if the reagents which act as
poisons produced some kind of molecular arrest. The
following records seem to lend support to this view.
If the oxalic acid is apphed in large quantities, the
abolition of response is complete. But on carefully
adding just the proper amount I find that the first
stimulus evokes a responsive electric. twitch, which is
less than the normal, and the period of recovery is
very much prolonged from the normal one minute be-
fore, to five minutes after, the application of the reagent
(fig. 93, a@). In another record the arrest is more pro-
nounced, i.e. there is now no recovery (fig. 93, 4). Note
also that the maximum is attaimed much later. Stimuli
applied after the arrest produce no eflect, as if the
molecular mechanism became, as it were, clogeed or
locked up.

In conmection with this it 1s interesting to note that
the eflect of veratrine poison on muscle is somewhat
similar. This reagent not only diminishes the excita-
bility, but caunses a very great prolongation of the
period of recovery.
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In connection with the action of chemical reagents
the following points are noteworthy,

(1) The eflect of these reagents 1s not only to increase
or diminish the height of the response-curve, but also

to tnn:ii’['_‘l.' the time relations. Hj.' the action of some

Fra., 93.—° MOLECULARE ARREST " BY THE Acriox ofF * Pomsox’

In each, curves to the left show the normal response, curve to the right showa
the effect of [lrli---.l:l In (a) the arrest i3 evidenced by ]:5'n|u|:-_r:|l,i;;.-_| of !!I'L';Ilii
||[ TEEVEr Y. J_:I -'Iu "._I:Il,"l'l' ;r— i |.|'|"|"..1‘T_Il..

the latent lu-]'inql in :[ltnin'luhu:l, HHT[.‘['.“» Erl'utflll't' a pro-
irjllli_{".t';]nll 1]1‘ l[:u' }_j!']'lutl :JI' ]'l‘i"!'l"n.'l_‘i":n', SO e f?lll‘ilrllh
effects produced by the change of time relations have
been noticed in the account given of diphasic variation

(see p. il
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{0
L

) The eflect produced by a chemical reagent
depends to some extent on the previous condition of
the wire. -

(3) A certain time 1s required for the full develop-
ment of the effect. With some reagents the full eflect
takes place almost instantaneously, while with others
the eflect takes E}!El{'f'. :'«'iu‘».‘.']j.'. ."‘nl'_':'élilt the eflect may
with time reach a maximum, after which there may he
| .HI-I:_"]LI decline.

] (&) (&)

Fig. 94.—0rrosiTE EFFEcTs oF SMALL AND LarciE Doses [Tix)

() is the normal response: (b)) 15 the stimulating action of small dose of
'|-|-‘t:|*-h (3 parts 111 |.|||.|lll; c) is the abolition of response with a stronger
dose (§ parts in 100).

(4) The after-effects of the reagents may be transitory
or persistent; that is to say, in some cases the removal
of the reagent causes the responses to revert to the
normal, while in others the eflect persists even after
the removal of all traces of the reagent.

Opposite effects of large and small doses.—lhere

remains a very curious phenomenon, known not only
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to students of physiological response but also known in
medical practice, namely that of the opposite effects pro-
duced by the same reagent when given in large or n
small doses. Here, too, we have the same phenomena
reproduced in an extraordinary manner in inorganic
response. The same reagent which becomes a ¢ poison’
in large quantities may act as a stimulant when applied in
small doses. This is seen in record fig. 94, in which

o

(@) gives the normal responses in water ; KHO solution
was now added =o as to make the strength three parts in
1,000, and (4) shows the consequent enhancement of
responge. A further quantity of KHO was added so
as to increase the strength to three parts in 100. This
caused a complete abolition (¢) of response,

It will thus be seen that as in the case of animal
tissues and of plants, so also in metals, the electrical
responses are exalted by the action of stimulants,
lowered by depressants, and completely abolished by
certain other reagents. The parallelism will thus be
found complete in every detail between the phenomena
of response in the organic and the inorganic.
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CHAPTER XVII
ON THE STIMULUS OF LIGHT AND RETINAL CURRENTS

Visual impulse: (1) chemical theory: (2) electrical theory — Retinal
currents—Normal response positive—Inorganie response under stimulus
of light—Typical experiment on the electrical effect induced by light.

Tur eflfect of the stimulus of light on the retina is
perceived in the brain as a visual sensation. The
process by which the ether-wave disturbance causes
this visual impulse is still very obscure. Two theories
may be advanced in explanation.

(1) Chemical theory.—According to the first, or
chemical, theory, it is supposed that certain visual sub-
stances 1n the retina are affected by light, and that
vision originates from the metabolic changes produced
in these visual substances. It is also supposed that the
metabolic changes consist of two phases, the upward,
construetive, or anabolic phase, and the downward,
destructive, or katabolic phase. Various visnal sub-
stances by their anabolic or katabolic changes are
supposed to produce the variations of sensation of
light and colour. This theory, as will be seen, is very
complex, and there are certain obstacles in the way

of its acceptance. It is, for instance, difficult to see

how this very quick visual process could be due to
a comparatively slow chemical action, consisting of
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the destructive breaking-down of the tissue, followed
by its renovation. Some support was at first given
to this chemical theory by the bleaching action of light
on the visual purple present in the retina, but it has
been found that the presence or absence of visual
purple could not be essential to vision, and that its
function, when present, is of only secondary importance.
For it is well known that in the most sensitive portion
of the human retina, the jovea centralis, the visual purple
is wanting ; it is also found to be completely absent
from the retine of many animals possessing keen
sight.

(2)Electrical theory.-—The second, or electrical, theory
supposes that the visual impulse is the concomitant of
an electrical impulse ; that an electrical current 1is
generated in the retina under the incidence of light,
and that this is transmitted to the brain by the optic
nerve. There is much to be said in favour of this view,
for it is an undoubted fact, that light gives rise to
retinal currents, and that, conversely, an eleetrical
current suitably applied causes the sensation of light.

Retinal currents.—Holmgren, Dewar, McKendrick,
Kuhne, Steiner, and others have shown that illumination
produces electric variation in a freshly excised eye.
About this general fact of the electrical response there
1s a widespread agreement, but there is some differ-
ence of opinion as regards the sign of this response im-
mediately on the application, cessation, and during the
continuance of light. These slicht discrepancies may
be partly due to the unsatisfactory nomenclature—as
regards use of terms positive and negative—hitherto in
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vogue and partly also to the differing states of the
excised eyes observed.

Waller, in his excellent and detailed work on the
retinal currents of the frog, has shown how the sign of
response is reversed in the moribund condition of the eye.

As to the confusion arising from our present
terminology, we must remember that the term positive
or negative is used with regard to a current of reference
—the so-called current of injury.

When the two galvanometric contacts are made, one
with the cut end of the nerve, and the other on the
uninjured cornea, a current of in-
__ jury is found which wn the eye is
0‘ . from the nerve to the retina. In

the normal freshly excised eye,
Fic. 05. Rermvan Buseoxse  the current of response due to
e o Hepomse 1» the action of light on the retina

fom the nerve to the jg always from the merve, which
1s not directly stimulated by light,

to the retina, that is, from the less excited to the more
excited (fig. 95). This current of response flows, then,

in the same direction as the existing current of reference
—the current of injury—and may therefore be called
positive. Unfortunately the current of injury is very
often apt to change its sign; it then flows through the
eye from the cornea to the nerve. And now, though
the current of response due to light may remain
unchanged in direction, still, owing to the reversal
of the current of reference, it will appear as negative.
That is to say, though its absolute direction is the
same as before, its relative direction is altered.
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I have already advocated the use of the term
positive for currents which low towards the stimulated,
and negative for those whose flow is away from the
stimulated. If such a convention be adopted, no con-
fusion can arise, even when, as in the given cases, the
currents of injury undergo a change of direction.

Normal response positive,.—1he normal effect of light
on the retina, as noticed by all the observers already
mentioned, is a positive variation, during exposure to
light of not too long duration. Cessation of light is
followed by recovery. On these points there is general
agreement amongst investigators. Deviations are re-
garded as due to abnormal conditions of the eye, owing
to rough usage, or to the rapid approach of death.
For just as in the dying plant we found occasional
reversals from negative to positive response, so in the
dying retina the response may undergo changes from
the normal positive to negative.

The sign of response, as we have already seen in
numerous cases, depends very much on the molecular
condition of the sensitive substance, and if this condi-
tion be in any way changed, it is not surprising that the
character of the response should also undergo alteration.

Unlike muscle in this, successive retinal responses
exhibit little change, for, generally speaking, fatigue 1s
very slight, the retina recovering quickly even under
strong light if the exposure be not too long. In
exceptional cases, however, fatigue, or its converse, the
staircase effect, may be observed.

Inorganic response under the stimulus of light.—
It may now be asked whether such a complex vital
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phenomenon as retinal response could have its counter-
part in non-living response. Taking a rod of silver, we
may beat out one end into the form of a hollow cup,
sensitising the inside by exposing it for a short time to
vapour of bromine. The cup may now be filled with
water, and connection made with a galvanometér by
non-polarisable electrodes. There will now be a cur-
rent due to difference between the inner surface

and the rod. This may be balanced, however, by a
compensating EM.F.

a-—
-

(a) ih)
Fi6. 96.—Recorp or Resroxses 1o LienTt Given by THE Sexsitive CELL
Thick lines represent the effect during illumination, dotted lines the recovery

in darkness. Note the preliminary negative twitch, which iz sometimes

also observed in responses of frog's retina.

We have thus an arrangement somewhat resembling
the eye, with a sensitive layer corresponding to the
retina, and the less sensitive rod corresponding to the
conducting nerve-stumyp (fig. 96, a).

The apparatus is next placed inside a black box,
with an aperture at the top. By means of an inclined
mirror, licht may be thrown down upon the sensitive
surface through the opening.

On exposing the sensitive surface to light, the
balance is at once disturbed, and a responsive current
of positive character produced. The current, that is to
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say, is from the less to the more stimulated sensitive
layer. On the cessation of light, there 1s fairly quick
recovery (fig. 96, b).

The character and the intensity of E.M. variation
of the sensitive cell depend to some extent on the pro-
cess of preparation. The particular cell with which
most of the following experiments were carried out
usually gave rise to a positive variation of about
008 volt when acted on for one minute by the light of
an incandescent gas-burner which was placed at a dis-
tance of 50 cm,

Typical experiment on the electrical effect induced
by light.—This subject of the production of an electrical
current by the stimulus of light would appear at first
sight very complex. But we shall be able to advance
naturally to a clear understanding of its most complicated
phenomena if we go through a preliminary consideration
of an ideally simple case. 'We have seen, in our experi-
ments on the mechanical stimulation of, for example,
tin, that a difference of electric potential was induced
between the more stimulated and less stimulated parts
of the same rod, and that an action current could thus
be obtained, on making suitable electrolytic con-
nections. Whether the more excited was zincoid or
cuproid depended on the substance and its molecular
condition.

Let us now imagine the metal rod flattened into a
plate, and one face stimulated by light, while the other
1s protected. Would there be a difference of potential
induced between the two faces of this same sheet of
metal ?
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Let two blocks of paraffin be taken and a large hole
drilled through both. Next, place a sheet of metal
between the blocks, and pour melted paraffin round the
edee to seal up the junction, the two open ends being
also closed by panes of glass. We shall have then two
compartments separated by the sheet of metal, and
these compartments may be filled with water through
the small apertures at the top (fig. 97, a).

The two liguid masses in the separated chambers
thus make perfect electrolytic contacts with the two

faces A and B of the sheet of metal.
0 These two faces may be put in con-
nection with a galvanometer by

AL AL
A M Fie. 97 (b).—Recorp oF RESPONSES OBTAINED
FROM THE ABovE CELL

Ten seconds’ exposure to light followed by fifty
seconds’ recovery in the dark. Thick lines repre-

sent action in light, dotted lines represent re-

Fia, 97 (a) COVErY,

A, B are the two faces of o

e et o i, means of two non-polarisable elec-
ver. One face, say A, is

acted on by light. The  trodes, whose ends dip into the two
t of res T
from B to A acvons the  chambers, If the sheet of metal have
plate. .
been properly annealed, there will

now be no difference of potential between the two faces,

o

and no current in the galvanometer. If the two faces
are not molecularly similar, however, there will be a
current, and the electrical effects to be subsequently
described will act additively, in an algebraical sense.
Let one face now be exposed to the stimulus of light.
A responsive current will be found to flow, from the
less to the more stimulated face, in some cases, and in
others in an opposite direction.
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It appears at first very curious that this difference
of electric potential should be maintained between
opposite faces of a very thin and highly conducting
sheet of metal, the intervening distance between the
opposed surfaces being so extremely small, and the
electrical resistance quite infinitesimal. A homogeneous
sheet of metal has become by the unequal action of
light, molecularly speaking, heterogeneous. The two
opposed surfaces are thrown into opposite kinds of
electric condition, the result of which is as if a certain

HAI
1l
|

11

Fig. 98.—Mopmrication orF THE BEXSITIVE CELL

thickness of the sheet, electrically speaking, were made
zine-like, and the rest copper-like. From such un-
familiar conceptions, we shall now pass easily to others
to which we are more accustomed. Instead of two
opposed surfaces, we may obtain a similar response by
unequally lighting different portions of the same surface.
Taking a sheet of metal, we may expose one half, say
A, to light, the other half, B, being screened. Electro-
Iytic contacts are made by plunging the two limbs in
two vessels which are in connection with the two non-
polarisable electrodes E and E' (fig. 98, «). On
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illumination of A and B alternately, we shall now obtain
currents flowing alternately in opposite directions.

Just as in the strain cells the galvanometer contact
was transferred from the electrolytic part to the metal-
lic part of the circuit, so we may next, in an exactly
similar manner, cut this plate into two, and connect
these directly to the galvanometer, electrolytic connec-
tion being made by partially plunging them into a cell

*00I0 _
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\
i \
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V.
Fio, 99.—Respoxses 1o Licar v Froo's Reriva
INumination L for one minute, recovery in dark for two minutes during obscurity I

(Waller.)
containing water. The posterior surfaces of the two
half-plates may be covered with a mnon-conducting
coating. And we arrive at a typical photo-electric cell
(fig. 98, b). These considerations will show that the
eye is practically a photo-electrie cell.

We shall now give detailed experimental results
obtained with the sensitive silver-bromide cell, and
compare its response-curve with those of the retina. A
series of umiform lght stimuli gives rise to uniform
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responses, which show very little sign of fatioue. How
similar these response-curves are to those of the retina
will be seen from a pair of records given below, where
fio. 99 shows responses of frog’s retina, and fig. 100
oives the responses obtained with the sensitive silver
cell (fig. 100).

It was said that the responses of the retina are
‘uniform. This is only approximately true. In addition
to numerous cases of uniform responses, Waller finds
instances of ¢ staircase’ increase, and its opposite, slight
fatigue. In the record here given of the silver cell,

———m——T

Fie. 100.—Responses 1x¥ SEnsiTive Sinver CELL
IMumination for one minute and obseurity for one minute. Thick line represents

record during illumination, dotted line recovery during obscurity.
the staircase effect is seen at the beginning, and followed
by slight fatigue. I have other records where for a
very long time the responses are perfectly uniform,
there being no sign of fatigue.

Another curious phenomenon sometimes observed in
the response of retina is an ocecasional slight increase of
response immediately onthe cessationof light, after which
there is the final recovery. An indication of this is seen
in the second and fourth curves in fig. 99. Curiously
enough, this abnormality is also occasionally met with in
the responses of the silver cell, as seen in the first two
curves of fig. 100. Other instances will be given later.
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CHAPTER XVIII

INORGANIC RESPONSE—INFLUENCE OF VARIOUS CONDITIONS
ON THE RESPONSE TO STIMULUS OF LIGHT

Effect of temperature—Effect of increasing length of exposure—Relation
between intensity of light and magnitude of response—A fter-oscillation
—Abnormal effeets: (1) preliminary negative twiteh; (2) reversal of
regponse ; (3) transient positive twitch on cessation of light ; (4) decline
and reversal—Rézsumé,

WE shall next proceed to study the effect, on the re-
sponse of the sensitive cell, of all those conditions which
influence the normal response of the retina. We shall
then briefly inquire whether even the abnormalities
sometimes met with in retinal responses have not their
parallel in the responses given by the inorganic.

Effect of temperature.—It has been found that when
the temperature is raised above a certain point, retinal
response shows rapid diminution.  On cooling, however,
response reappears, with its original intensity. In the
response given by the sensitive cell, the same peculiarity
is noticed. T give below (fig. 101, ) a set of response-
curves for 20° C. These responses, after showing slight
faticue, became fairly constant. On raising the tem-
perature to 50° C. response practically disappeared
(101,4). But on cooling to the first temperature again,
it reappeared, with its original if not slightly greater
intensity (fie. 101, ¢). A curious point is that while in
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record (a), before warming, slight fatigue is observed,

in (e), after cooling, the reverse, or staircase eflect,

appears.

20°C 20°C

bl e =ap O A 1 (i i
bl bR b A i
bl . : 50°C : o (g ' :
i : ' b ! i ! i ! J
LR g o f‘ SR e
S “re) ol | y J !

re)
Fig. 101.—INFLUENCE 0F TEMPERATURE ox REsSpoNse
Ilumination 207, obseurity 40",

In () is shown a series of responses at 20° C.—the record exhibits slight
fatigne,

(B) is the slight irregular response at 50° C. (c) is the record on
re-gooling ; it exhibits * staircase ® increase,

Effect of increasing length of exposure. — If the
intensity of licht be kept constant, the magnitude of
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Fra. 102. —RESPOXSE-CORVES FOR INCREASING DURATION OF ILLUMINATION FROM
1" 1o 10"

In (2) the source of light was at a distance of 50cm.; in (}) it was at o distance of
26 em. Note the after-oscillation.

response of the sensitive cell increases with length of
exposure,

But this soon reaches a limit, after which
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increase of duration does not increase magnitude of
effect. Too long an exposure may however, owing to
fatigue, produce an actual decline.

I give here two sets of curves (fig. 102) illustrating
the effect of lengthening exposure. The intensities of
light in the two cases are as 1 to 4. The incandescent
burner was in the two cases at distances 50 and 25 cm.
respectively. It will be observed that beyond eight
seconds’ exposure the responses are approximately
uniform. Another noticeable fact 1s that with long
exposure there is an after-oscillation. This growing
effect with lengthening exposure and attainment of
limit is exactly paralleled by responses of retina under
similar conditions.

Relation between intensity of light and magnitude of
response.—In the responses of retina, it is found that
increasing intensity of light produces an inereasing
effect. But the rate of increase is not uniform : increase
of effect does not keep pace with increase of stimulus.
Thus a curve giving the relation between stimulus and
response is concave to the axis which represents the
gtimulus,

The same is true of the sensation of light. That is
to say, within wide limits, Intensity of sensation does
not increase so rapidly as stimulus.

This particular relation between stimulus and effect
is also exhibited in a remarkable manner by the sensi-
tive cell. For a constant source of light I used an
incandescent burner, and graduated the intensity of the
incident light by varying its distance from the sensitive
cell. The intensity of light incident on the cell, when
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the incandescent burner is at a distance of 150 em., has
been taken as the arbitrary unit. In order to make
allowance for the possible effects of fatigue I took two

e (14
AN £ )
l_J e r

Fra. 103.—BEsroxses oF SEssITIVE CELL To vanrous INTENsITIES oF LocHT

On the left the responses are for diminishing intensities in the ratios of 7,5, 3,
and 1. On the right they are for the increasing intensities 1, 3, 6, and 7.
The thick lines are records during exposures of one minute; the dotted
lines represent recoveries for one minute.

successive series of responses (fig. 103). In the first,
records were taken with intensities diminishing from

7 to 1, and immediately afterwards increasing from 1 to
7, in the second.

Tanre cIvise RESPONSE TO VARYING INTEN&ITIES oF Liaur

(The intensity of an incandeszeent gas-burner at a distance of 150 em.
is taken as unit.)

o |
o] Besponse | :
i {ﬁtf?g.ﬂf (Light | (Light Mean Value in volt !
: i1g | diminishing) | inereasing) |
T 13 - Bt 630x 10~ volt |
5 31 29 30 81x !

3 ‘ 185 175 18 Tx

1 10 i) . 95 146 x -

As the zero point was slightly shifted during the

M
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course of the experiment, the deflection in each ecurve
was measured from a line joining the beginning of the
response to the end of itsrecovery. A mean deflection,
corresponding to each intensity, was obtained by taking
the average of the descending and ascending readings.
The two sets of readings did not, however, vary to any
marked extent.

The deflections corresponding to the intensities 1,
3, 5, 7, are, then, as 95 to 18, to 30, to 41. If the
deflections had been strictly proportionate to the inten-

b g ,.r""
S |
:
fer) 6/
] s 10 wnts. o 5 | D aereats,
Etlmulus

Fig. 104 —CrrvESs GIVING THE BRELATION BETWEES INTExsiTY oF LicHT axnp
MasgNITUDE oF RESPONSE

In (@) sensitive cell, (&) in frog's retina,

sities of light stimulus they would have been as 95 to
28°5, to 47°5, to 665,

In another set of records, with a different cell,
I obtained the deflections of 6, 10, 13, 15, corresponding
to light intensities of 3, 5, 7, and 9.

The two curves in fig. 104, giving the relation
between response and stimulus, show that in the case of
inorganic substances, as in the retina (Waller), magnitude
of response does not increase so rapidly as stimulus,

After-oscillation.—When the sensitive surface is
subjected to the continued action of light, the E.M.
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effect attaing a maximum at which it remains constant

for some time. If the exposure be maintained after

this for a longer period, there will be a decline, as
we found to be the case in other instances of continued
stimulation, The appearance of this decline, and its
rapidity, depends on the particular condition of the
substance,

When the sensitive element is considerably strained
by the action of light, and if that light be now cut

Fig. 105, —AFTER-0SCILLATION

Exposure of one minnte followed by obsenvity of one minunte. Note the decline
:hm'ng i"ulrlinutiuli, and after-oscillation i darlness,

off, there 1s a rebound towards recovery and a sub-
sequent after-oscillation.

That is to say, the curve of
recovery falls below the zero point, and then slowly
oscillates back to the position of equilibrium. We
have already seen an instance of thisin fig. 102,  Above
is given a series of records showing the appearance
of decline, from too long-continued exposure and re-
covery, followed by after-oscillation on the cessation
of light (fig. 105). Certain visual analogues to this
phenomenon will be noticed later.

M2
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Abnormal effects,—We have already treated of all
the normal effects of the stimulus of light on the retina,
and their counterparts in the sensitive cell. But the retina
undergoes molecular changes when injured, stale, or in a
dying condition, and under these circumstances various
complicated modifications are observed in the response.

1. Preliminary negative twitch..—When the light is
incident on the frog’s retina, there is sometimes a
transitory negative variation, followed by the normal

Mgl
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Fiac, 106, —Traxsrext Posrrive AvoMENTATION GIvEN BY THE Frog's Hermxa
ox Tue Cessation or Ligar L (Warizr)

positive response. This is frequently observed in the
sensitive cell (see fig. 96, b).

2. Reversal of response.—Again, in a stale retina,
owing to molecular modification the response is apt to
undergo reversal (Waller). That is to say, it now
becomes negative. In working with the same sensitive
cell on different days I have found it ocecasionally
exhibiting this reversed response.
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3. Transient rise of current on cessation of light.—
Another very curious fact observed in the retina by
Kulme and Steiner is that immediately on the stoppage
of light there 1s sometimes a sudden Increase in the

retinal current, before the
usual recovery takes place,
This is very well shown in
the series of records taken
by Waller (fie. 106). Tt
will be noticed that on illu-
mination the response-curve
rises, that continuned illumi-
nation produces a decline,
and that on the cessation of
light there is a transient rise
of current. I give here a
series of records which will
show the remarkable simi-
larity between the responses
of the cell and retina, in re-
spect even of abnormalities
so marked as those deseribed
(fig. 107). I may mention
here that some of these
curious eflfects, that is to
say, the preliminary negative
twitch and sudden augmen-
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F16. 107.—Resroxses 18 SILVER
CrLL

The thick line represents response
during light (halfi a minuta’s
exposure), and dotted line the
recovery during darkness. Note
the terminal positive twitch,

tation of the current on the cessation of light, have also
been noticed by Minchin in photo-electric cells,

4. Decline and reversal—We have seen that under
the continuous action of light, response begins to
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decline. Sometimes this process is very rapid, and
in any case, under continued light, the deflection falls.

(1) The decline may nearly reach zero. If now the
light be cut off’ there is a rebound towards recovery
downwards, which carries it below zero, followed by an
after-oscillation (fig. 108, ).

(2) If the light be continued for a longer time, the
decline goes on even below zero; that is to say, the
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Fic. 108 —Decraxe vxper e Contrsvep Acrios oF LicHr

{®) Decline short of zere; on stoppage of light, rebound downwards to zero;
aflter-oscillation.

{(B) Decline below zero; on stoppage of light, rebeund towards zero, with pre-
liminary negative twitelh.

(¢) The same, deeline further down ; negative twitch almost disappearing.

response now becomes apparently negative. If, now,
the light be stopped, there is a rebound upwards to
recovery, with, generally speaking, a slight preliminary
twitch downwards (fie. 108, b, ¢). This rebound
-arries it back, not only to the zero position, but some-
times beyond that position. We have here a parallel to
the following observation of Dewar and McKendrick :
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* When diffuse light is allowed to impinge on the eye of
the frog, after it has arrived at a tolerably stable
condition, the natural E.M.F. is in the first place
increased, then diminished ; during the continuance of
light it is still slowly diminished to a point where it
remains tolerably constant, and on the removal of light
there is a sudden increase of the E.M. power nearly up
to its original position.’ !

(3) 1 have sometimes obtained the following curious
result. On the mecidence of light there is a response,
say, upward. On the continuation of light the response
declines to zero and remains at the zero position, there
being no further action during the continuation of
stimulus. But on the cessation or ¢break’ of light
stimulus, there is a response downwards, followed by
the usual recovery. This reminds us of a somewhat
similar responsive action produced by constant electrie
current on the muscle. At the moment of ‘make’
there is a responsive twitch, but afterwards the muscle
remains quiescent during the passage of the current, but
on breaking the current there is seen a second respon-
sive twitch.

Résumé.—S0 we see that the response of the
sensitive inorganic cell, to the stimulus of light, is in
every way similar to that of the retina.  In both we have,
under normal conditions, a positive variation; in both
the intensity of response up to a certain limit increases
with the duration of illumination ; it is affected, in both
alike, by temperature; in both there is comparatively
little fatigue ; the increase of response with intensity of

1 Proe. Roy. Suc. Edin. 1873, p. 153.
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stimulus is similar in both; and finally, even in abnor-
malities—such as rveversal of response, preliminary
negative twitch on commencement, and terminal posi-
tive twitch on cessation of illumination, and decline
and reversal under continued action of light—parallel
effects are noticed.

We may notice here certain curious relations even
in these abnormal responses (fig. 109). If the equi-
librium position remain always constant, then it is easy
to understand how, when the rising curve has attained

oy

F1a. 109.—CERTAIN AFTER-EFFECTE oF LIGHT

its maximum, on the cessation of light, recovery should
proceed downwards, towards the equilibrium position
(fig. 109, a). One can also understand how, after
reversal by the continued action of light, there should
be a recovery wupwards towards the old equilibrium
position (fig. 109, 4). What is curious is that in certain
cases we get, on the stoppage of light, a preliminary
twitch away from the zero or equilibrium position,
upwards as in (¢) (compare also fig. 107) and downwards
as in (d) (compare also fig. 108 b).

In making a general retrospect, finally, of the effects
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CHAPTER XIX
VISUAL ANALOGUES

Effect of light of short duration—After-oseillation—Positive and negative
after-images—Binocular alternation of vision—Period of alternation
modified by physical condition—After-images and their revival—Un-
conscions visnal impression.

WE have already referred to the electrical theory of
the visual impulse. We have seen how a flash of light
causes a transitory electric impulse not only in the
retina, but also in its inorganic substitute. Light thus
produces not only a visual but also an electrical impulse,
and it is not improbable that the two may be identical.
Again, varying intensities of light give rise to corre-
sponding intensities of current, and the curves which
1'@1;:'Eée11r the relationbetween the increasing stimulus and
the increasing response have a general agreement with
the corresponding curve of wvisunal sensation. In the
present chapter we shall see how this electrical theory
not only explains in a simple manner ordinary visual
phenomena, but is also deeply suggestive with regard to
others which are very obscure.

We have seen in our silver cell that if the molecular
conditions of the anterior and posterior surfaces were
exactly similar, there would be no current. In practice,
however, this is seldom the case. There is, generally
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speaking, a slight difference, and a feeble current in
the circuit. It is thus seen that there may be an
existing feeble current, to which the effect of light is
added algebraically. The stimulus of light may thus
increase the existing current of darkness (positive
variation). On the cessation of light again, the current
of response disappears and there remains only the
feeble original current.

In the case of the retina, also, it is curious to note
that on closing the eye the sensation is not one of
absolute darkness, but there is a general feeble sensation
of light, known as ‘the intrinsic light of the retina.’
The effect produced by external light is superposed on
this intrinsic licht, and certain curious results of this
algebraical summation will be noticed later,

Effect of light of short duration.—If' we subject the
sensitive cell to a flash of radiation, the effect is not
instantaneous but grows with time. It attains a
maximum some little time after the incidence of light,
and the effect then gradually passes away. Again, as
we have seen previously with regard to mechanical
strain, the after-effect persists for a slightly longer time
when the stimulus is stronger. The same is true of the
after-effect of the stimulus of light. Two curves which
exhibit this are given below (fig. 110). With regard to
the first point—that the maximum eflect is. attained
some time after the cessation of a short exposure—the
corresponding experiment on the eyve may be made as
follows: at the end of a tube is fixed a glass disc
coated with lampblack, on which, by seratching with
a pin, some words are written in transparent characters.
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The length of the tube is so adjusted that the dise is at
the distance of most distinet vision from the end of the
tube applied to the eye. The blackened disc is turned
towards a source of strong light, and a short exposure
1s given by the release of a photographie shutter inter-
posed between the disc and the eye. On closing the
eye, immediately after a short exposure, it will at first
be found that there is hardly any well-defined visunal
sensation ; after a short time, however, the writing on

(6)

(exr)

| T L |
ﬂrl‘ lD# 20# 30" 40;"
Fiz. 110.—BESFONSE-CURVES OF THE Sexsitive Smwver CeLn

Bhowing greater persistence of after-eflect when the stimuluos is strong,
i@) Short exposure of 2" to light of intensity 1; (&) short exposure of 2" to
light nine times as strong.

the blackened dise beging to appear in luminous
characters, attains a maximum intensity, and then fades
away. In this case the stimulus is of short duration,
the light being cut off before the maximum eflect is
attained. The after-effect here is positive, there being
no reversal or interval of darkness bétween the direct
image and the after-image, the one being merely the
continuation of the other. But we shall see, if light is
cut off after a maximum effect is attained by long
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exposure, that the immediate after-image would be
negative (see below). The relative persistence of
after-eflect of lights of different intensities may be
shown in the following manner :

If a bold design be traced with magnesium powder
on a blackened board and fired in a dark room, the
observer not being acquainted with the design, the
instantaneous flash of light, besides being too quick for
detailed observation, is obscured by the accompanying
smoke. But if the eyes be closed immediately after the
flash, the feebler obscuring sensation of smoke will first
disappear, and will leave clear the more persistent after-
sensation of the design, which can then be read dis-
tinetly.  In this mamner I have often been able to see
distinctly, on closing the eyes, extremely brief pheno-
mena of light which could not otherwise have been
observed, owing either to their excessive rapidity or to
their dazzling character.!

After-oscillation.—In the case of the sensitive silver
cell, we have seen (fig. 105), when it has been subjected
for some time to strong light, that the current of
response attamns a maximum, and that on the stoppage
of the stimulus there is an immediate rebound towards
recovery. In this rebound there may be an over-shoot-
ing of the equilibrium position, and an after-oscillation
is thus produced.

L As an instance of this I may mention the experiment which 1 saw on
the quick fusion ¢f metals exhibited at the Royal Institution by Sir William
Roberts-Austen (1901), where, owing to the glare and the dense fumes, it
was impossible to see what happened in the crueible. But I was able to
see every detail en closing the eyes.  The effects of the smoke, being of less
luminescence, cleared away first, and left the after-image of the molten metal
growing clearer on the retina.
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If there has been a feeble initial current, this
oscillatory after-current, by algebraical summation, will
cause the current in the cireuit to he alternately weaker
and stronger than the initial current.

Visual recurrence,— Translated into the visnal circuit,
this would mean an alternating series of after-images.
On the cessation of light of strong intensity and long
duration, the immediate effect would be a negative re-
bound, unlike the positive after-effect which followed
on a short exposure,

The next rebound is positive, giving rise to a sen-
sation of brightness. This will go on in a recurrent
series,

If we look for some time at a very bright object,
preferably with one eye, on closing the eye there is
an immediate dark sensation followed by a sensation
of licht. These go on alternating and give rise to
the phenomena of recurrent vision. With the eyes
closed, the positive or luminous phases are the more
prominent.

This phenomenon may be observed in a somewhat
different manner. After staring at a bright light we
may look towards a well-lighted wall. The dark phases
will now become the more noticeable.

If, however, we look towards a dimly lighted
wall, both the dark and bright phases will be noticed
alternately.

The negative effect is usunally explained as due to
fatigue. That position of the retina aflected by light
is supposed to be ‘tired,” and a negative image to be
formed in consequence of exhaustion. By this exhaus-
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tion is meant either the presence of fatigue-stufls, or the
breaking-down of the sensitive element of the tissue, or
both of these. In such a case we should expect that
this fatigue, with its consequent negative image, would
gradually and finally disappear on the restoration of the
retina to its normal condition,

We find, however, that this is not the case, for the
negative image recurs with alternate positive, The
accepted theory of fatigue is incapable of explaining
this phenomenon,

In the sensitive silver cell, we found that the mole-
cular strain produced by light gave rise to a current of
response, and that on the cessation of light an oscillatory
after-eflect was produced. The alternating after-effect
in the retina points to an exactly similar process.

Binocular alternation of vision.—It was while ex-
perimenting on the phenomena of recurrent vision that
[ discovered the curious fact that in normal eyes the
two do not see equally well at a given instant, but that
the visnal effect in each eye undergoes fluctuation from
moment to moment, in such a way that the sensation in
the one is complementary to that in the other, the sum
of the two sensations remaining approximately constant.
Thus they take up the work of seeing, and then, relatively
speaking, resting, alternately. This division of labour,
in binocular vision, is of obvious advantage.

As regards maximum sensation in the two retina
there is then a relative retardation of half a period.
This may be seen by means of a stereoscope, carrying,
instead of stereo-photographs, incised plates through
which we look at light. The design consists of two
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slanting cuts at a suitable distance from each other.
One cut, R, slants to the right, and the other, L, to the
left (see fig. 111). When the design is looked at
through the stereoscope, the right eve will see, say =,
and the left L, the two images will appear superimposed,
and we see an inclined cross.  When the stereoscope is
turned towards the sky, and the cross looked at steadily
for some time, it will be found, owing to the alternation
already referred to, that while one arm of the cross
begins to be dim, the other becomes bright, and wvice
versa. The alternate fluctuations

become far more conspicuous when
& % the eyves are closed; the pure osecil-
latory after-effects ave then obtained
i a most vivid manner. After
looking through the stereoscope for

ten seconds or more, the eyes are

Fuo. 111.—Sterko-  olngad,  The first effect observed is
soopre DEsIoN

one of darkness, due to the rebound.
Then one luminous arm of the cross first projects
aslant the dark field, and then slowly disappears, after
which the second (perceived by the other eye) shoots
out suddenly in a direction athwart the first. This
alternation proceeds for a long time, and produces the
curious effect of two luminous blades ecrossing and
recrossing each other.

Another method of bringing out the phenomenon of
alternation in a still more striking manner is to look at
two different sets of writing, with the two eyes. The
resultant effeet is a blurr, due to superposition, and the
inseription cannot be read with the eyes open. But on
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closing them, the composite image is analysed alternately
into its eomponent parts, and thus we are enabled to
read better with eyes shut than open.

This period of alternation is modified by age and
by the condition of the eye. It is, generally speaking,
shorter in youth. I have seen it vary in diflerent indi-

}H’

viduals from 17 to 10” or more. About 4” is the most

usual. With the same individual, again, the period is
somewhat modified by previous conditions of rest or
activity. Very early in the morning, after sleep, it is
at its shortest. I give below a set of readings given by

an observer :

Periol [ Periml
o e SR 5 T A L i
] B T e e 4" R e R T T i
i e R i | S S e 8:5"

Again, if one eye be cooled and the other warmed,
the retinal oscillation in one eye 1s quicker than in the
other. The quicker oscillation overtakes the slower,
and we obtain the curious phenomenon of ¢ visual
beats.’

After-images and their revival.—In the experiment
with the stereoscope and the design of the cross, the
after-images of the cross seen with the eyes closed are
at first very distinet—so distinet that any unevenness
at the edges of the slanting cuts in the design can be
distinetly made out. There can thus be no doubt of
the ‘objective " nature of the strain impression on the
retina. which on.the cessation of direet stimulus of
licht gives rise to after-oscillation with the concomitant
visual recurrence. This recurrence may therefore be
taken as a proof of the physical strain produced on the

N
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retina. The recurrent after-image is very distinet at
the beginning and becomes fainter at each repetition ;
a time comes when it is difficult to tell whether the
image seen is the objective after-effect due to strain
or merely an effect of ‘memory.” In fact there is no
line of demarcation between the two, one simply merges
into the other. That this ‘memory’ image is due
to objective strain is rendered evident by its recur-
rence,

In connection with this it is interesting to note that
some of the undoubted phenomena of memory are also
recurrent. * Certain sensations for which there is no
corresponding process outside the body are generally
grouped for convenience under this term [memory].
If the eyes be closed and a picture be called to
memory, it will be found that the picture cannot be
held, but will repeatedly disappear and appear. !

The wvisual impressions and their recurrence often
persist for a very long time. It usually happens that
owing to weariness the recurrent images disappear ;
but in some instances, long after this disappearance,
they will spontaneously reappear at most unexpected
moments. In one instance the recurrence was observed
in a dream, about three weeks after the original im-
pression was made. In connection with this, the revival
of images, on closing the eyes at night, that have been
seen during the day, is extremely interesting.

Unconscious visual impression.— While repeating
certain experiments on recurrent vision, the above
phenomenon became prominent in an unexpected

' E. W. Seripture, The New Psychology, p. 101.
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manner. I had been intently looking at a particular
window, and obtaining the subsequent after-images by
closing the eye ; my attention was concentrated on the
window, and I saw nothing but the window either as a
direct or as an after effect. After this had been
repeated a number of times, I found on one occasion,
after closing the eye, that, owing to weariness of the
particular portion of the retina, I could no longer see
the after-image of the window; instead of this 1
however saw distinctly a ecircular opening closed with
olass panes, and I noticed even the jagged edges of a
broken pane. I was not aware of the existence of a
circular opening higher up in the wall. The image of
this had impressed itself on the retina without my
knowledge, and had undoubtedly been producing the
recurrent images which remained unnoticed because my
principal field of after-vision was filled up and my atten-
tion directed towards the recurrent image of the window.
When this failed to appear, my field of after-vision
was relatively free from distraction, and I could
not help seeing what was unnoticed before. It thus
appears that, in addition to the images impressed in the
retina of which we are conscious, there are many others
which are imprinted without our knowledge. We fail
to notice them because our attention is directed to
something else. But at a subsequent period, when the
mind is in a passive state, these impressions may sud-
denly revive owing to the phenomenon of recurrence.
This observation may afford an explanation of some of
the phenomena connected with ocular phantoms and
hallucinations not traceable to any disease. In these

N2
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CHAPTER XX
GENERAL SURVEY AND CONCLUSION

WE have seen that stimulus produces a certain ex-
citatory change in living substances, and that the
excitation produced sometimes expresses itself n a
visible change of form, as seen in muscle ; that in many
other cases, however—as in nerve or retina—there is
no visible alteration, but the disturbance produced by
the stimulus exhibits itself in certain electrical changes,
and that whereas the mechanical mode of response
1s limited in its application, this electrical form is
universal.

This irrita.:‘;:ilit}' of the tissue, as shown in its
-apacity for response, electrical or mechanical, was
found to depend on its physiological activity. Under
certain conditions it could be converted from the
responsive to an irresponsive state, either temporarily
as by anwsthetics, or permanently as by poisons.
When thus made permanently irresponsive by any
means, the tissue was said to have been killed. We
have seen further that from this observed fact—that
a tissue when killed passes out of the state of responsive-
ness into that of irresponsiveness; and from a confusion
of “dead’” things with inanimate matter, it has been
tacitly assumed that inorganic substances, like dead
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animal tissues, must necessarily be irresponsive, or
incapable of being excited by stimulus—an assumption
which has been shown to be eratuitous.

This ¢ unexplained conception of irritability became
the starting-point,’ to quote the words of Verworn,' ¢ of
vitalism, which in its most complete form asserted a
dualism of living and lifeless Nature. . . . The vitalists
soon,” as he goes on to say,  laid aside, more or less com-
pletely, mechanical and chemical explanations of vital
phenomena, and introduced, as an explanatory principle,
an all-controlling unknown and inscrutable ¢ force hyper-
mécanique.” While chemical and physical forces are
responsible for all phenomena in lifeless bodies, in
living organisms this special force induces and rules all
vital actions.

‘ Later vitalists, however, attempted no analysis of
vital force ; they employed it in a wholly mystical form
as a convenient explanation of all sorts of vital phe-
nomena. . . . In place of a real explanation a simple
phrase such as “wvital force”™ was satisfactory, and
signified a mystical force belonging to organisms only.
Thus it was easy to “explain” the most complex vital
phenomena.’

From this position, with its assumption of the super-
physical character of response, it is clear that on the
discovery of similar eflects amongst inorganic substances,
the necessity of theoretically maintaining such dualism
in Nature must immediately fall to the ground.

In the previous chapters I have shown that not the
fact of response alone, but all those modifications n

' Verworn, (feneral Physiology, p. 15.
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response which occur under various conditions, take
place in plants and metals just as in animal tissues. It
may now be well to make a general survey of these phe-
nomena. as exhibited in the three classes of substances.

We have seen that the wave of molecular disturb-
ance in a living animal tissue under stimulus is accom-
panied by a wave of electrical disturbance ; that in
certain types of tissue the stimulated is relatively
positive to the less disturbed, while in others it is the
reverse ; that it is essential to the obtaining of electric
response to have the contacts leading to the galvano-
meter unequally aflected by exeitation : and finally that
this is accomplished either (1) by injuring’ one con-
tact, so that the excitation produced there would be re-
latively feeble, or (2) by introducing a perfect block
hetween the two contacts, so that the excitation reaches
one and not the other,

Further, it has been shown that this characteristic
of exhibiting electrical response under stimulus is not
confined to animal, but extends also to vegetable tissues.
In these the same electrical variations as in nerve and
musecle were obtained, by using the method of injury,
or that of the block.

Passing to inorganic substances, and using similar
experimental arrangements, we have found the same
electrical responses evoked in metals under stimulus,

Negative variation.—In all cases, animal, vegetable,
and metal, we may obtain response by the method of
negative variation, so called, by reducing the excitability
of one eontact by physical or chemical means.  Stimulus
:auses a transient diminution of the existing current,
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the variation depending on the intensity of the stimulus
(figs, 4, 7, 24).

Relation between stimulus and response.—In all
three classes we have found that the intensity of re-
sponse increases with increasing stimulus. At very high
mtensities of stimulus, however, there 1s a tendency
of the response to reach a limit (figs. 30, 32, 84).
The law that 18 known as Weber-Fechner's shows a
similar characteristic in the relation between stimulus
and sensation. And if sensation be a measure of phy-

siological effect we can understand this correspondence

Fic. 112.--Usironn Resroxses 1N (A} NervE, (P) Praxt, axp (M) Meran

The normal response in nerve is represented “down.'  In this and following figures,
(A} is the record of responses in animal, (P) m plant, and (M) in metal.

of the physiological and sensation curves. We now
see further that the physiological eflects themselves are
ultimately reducible to simple physical phenomena.

Effects of superposition.—In all three types, ineflec-
tive stimuli become effective by superposition.

Again, rapidly succeeding stimuli produce a maxi-
111 011L) '['n:lf'f'l_ ]{{']JT ]J.'lL'Hll'{'ﬁl 1]}.- il 1'.1 MO I'Pt. |'l'."';li:|.”il}t]? EL]lII
continuation of stimulus produces no further eflect, in
the three cases alike (figs. 17, 18, 86).

Uniforth responses.—In the responses of animal,
vegetable, and metal alike we meet with a type where

the responses are uniform (fig. 112).
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Fatigue.—There is, again, another type where fatigue
18 exhibited.

The explanation hitherto given of fatigue in animal
tissues—that 1t 1s due to dissimilation or breakdown of
tissue, complicated by the presence of fatigue-products,
while recovery is due to assimilation, for which
material is brought by the 1llt}ut]-h‘l]]l]ﬂ}'—hn:ﬂ long
been seen to be il]:!:li'[lll.‘lh*._ since the restorative effect
succeeds a short period of rest even in excised bloodless

muscle.  But that the phenomena of fatigue and recovery

F1a. 113.—Famave (A) ix Muscug, (P) mx Prast, (M) 1w Meran

were not primarily dependent on dissimilation orassimila-
tion becomes self-evident when we find exactly similar
effects produced not only in plants, but also in metals
(fig. 113). It has been shown, on the other hand, that
these effects are [H‘im:u'il}l' due to cumulative residual
strains, and that a brief period of rest, by removing the
overstrain, removes also the sign of fatigue.

Staircase effect.—The theory of dissimilation due to
stimulus reducing the functional activity below par, and
thus causing fatigue, 1s directly negatived by what
1s known as the *staircase’ effect, where successive

equal stimuli produce increasing response.  We saw an
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exactly similar phenomenon in plants and metals, where

successive responses to equal stimuli exhibited an

Fio. 114.—* Starpcase ' i MoscLe, Poaxt, axp METAL

increase, apparently by a gradual removal of molecular
slnggishness (fie. 114).

M

Before A Lo Itefor After

Fic. 115.—Ixcreasen RespoXse arter CoxTisvorts STiMuLatioN 15 Nerve
Axn METAL

The normal response i animal tissoe is represented * down,” 1 metal * ap.”

Increased response after continuous stimulation.—
An effect somewhat similar, that is to say, an in

i'I'[":I"'—H‘[l r'|'-ir|r1|r-t', fllll‘ Lo i|!1'|'|';[-'r;-|1 51]r:|li'1'1I!_:1I' ]|'|_I.Ii.]i_|_.||,'||."
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s also shown sometimes after continuous stimulation,
not only in animal tissues, but also in metals (fig. 115).
Modified response.—In the case of nerve we saw
that the normal response, which is negative, sometimes
becomes reversed 1 sign, 1.e. 1;{|#]lh'1*. when the
specimen is stale. In retina again the normal positive
response is converted into negative under the same
conditions. Similarly, we found that a plant when

withering often shows a positive instead of the

Before A (e Bl ATber
Fig. 116.—Mopiriep Apxoruarn Respoxse 18 (A) Nerve axp (M) Meran
COXVERTED INTD xl'lll.‘l'l.'.l.._ AFTER {‘ll,"'\i"l'l"'\cl'lll'-u STIMULATION

[ ) T 1|Il' recorid for nerve ".'l':'lll'-“l',: '.:'-'...'l-':llfl:Pt:II"iI'|' 1ok |ll'i'|lf..:' ilead-beat shows
after-oseillation H the abnormal '1l|| : ‘1. l.'ul'll‘.'ll!,‘[---| ih".,llﬂ-:l-]"lu:,l_i fdown | after
continuons stimulation., () 18 the record for metal, the abnormal @ down’
being converted into normal *up ® after like stimulation.

usual negative response (fig. 28). On nearing the death-
imim. also by subjection to extremes of temperature,
the same reversal of response 18 occeasionally observed
i plants. This reversal of response due to ]:g-u-uli:ﬂ‘
molecular modification was also seen 1n metals.

But thesze modified responses usually become normal
when the r-]:lw'illll'll 18 :-illhji-r'rl'll to stimulation either

strong or long continued (fie. 116).
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Diphasic variation.—A\ diphasic variation is observed
in nerve, if the wave of molecular disturbance does not
reach the two contacts at the same moment, or if the
rate of exeitation is not the same at the two points.
A similar diphasic variation is also observed in the
responses of plants and metals (figs. 26, 68).

Effect of temperature.—In animal tissues response
beecomes feeble at low temperatures. At an optimum
temperature it reaches its greatest amplitude, and, again,
beyond a maximum temperature it is very much
reduced.

We have observed the same phenomena in plants,
In metals too, at high temperatures, the response is very
much diminished (flgs 38, (5).

Effect of chemical reagents.—IFinally, just as the
responge of animal tigsue is exalted by stimulants,
lowered by depressants, and abolished by poisons, so
also we have found the response in plants and metals
undergoing similar exaltation, depression, or abolition.

We have seen that the criterion by which vital
response 1is differentiated is its abolition by the action
of certain reagents—the so-called poisons. We find,
however, that ¢ poisons’ also abolish the responses in
plants and metals (fig. 117). Just as animal tissues
pass from a state of responsiveness while living to a
state of irresponsiveness when killed by poisons, so also
we find metals transformed from a responsive to an ir-
responsive condition by the action of similar ‘ poisonous’
reagents.

The parallel is the more striking since it has long
been known with regard to animal tissues that the
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same drug, administered in large or small doses, might
have opposite effects, and in preceding chapters we
have seen that the same statement holds good of plants
and metals also,

Stimulus of light.—Even the responses of such a
highly specialised organ as the retina are strictly
paralleled by inorganic responses. We have seen how
the stimulus of light evokes in the artificial retina
responses which coincide in all their detail with those

produced in the real retina. This was seen in neflective

Before + After Before 4 After Before A After

Fra. 117.—Anorrrion oF Respoxse v Nerve, Prant, axp MeTan
BY THE ACTION OF THE sAME ‘ Poisox’®

The fiest hialf in ecach set shows the normal response, the second half the abelition
of response after the ;L!alliir:l,til:lll of the rearent.

stimuli becoming eflective after repetition, in the relation
between stimulus and response, and in the eflects pro-
duced by temperature ; also in the phenomenon of after-
oscillation. These similarities went even further. the
very abnormalities of retinal response finding their
reflection in the morganie.

Thus living response in all its diverse manifestations
is found to be only a repetition of responses seen in the
inorganic. There 1s In 1t no element of mystery or

caprice, such as we must admit to be applied in the
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assumption of a hypermechanical vital force, acting in
contradicetion or defiance of those physical laws that
govern the world of matter. Nowhere in the entire
range of these response-phenomena—inclusive as that
is of metals, plants, and animals—do we detect any
breach of continuity. In the study of processes
apparently so complex as those of irritability, we must,
of course, expect to be confronted with many difficulties.
But if these are to be overcome, they, like others, must
be faced, and their investigation patiently pursued,
without the postulation of special forces whose con-
venient property it i1s to meet all emergencies in virtue
of their vagueness. If, at least, we are ever to understand
the intricate mechanism of the animal machine, it will
be granted that we must cease to evade the problems
it presents by the use of mere phrases which really
explain nothing,

We have seen that amongst the phenomena of
response, there 1s no necessity for the assumption
of vital force. They are, on the contrary, physico-
chemical phenomena, susceptible of a physical inquiry
as definite as any other in morganic regions.

Physiologists have taught us to read in the response-
curves a history of the ifluence of various external
agencies and conditions on the phenomenon of life. By
these means we are able to trace the gradual diminution
of responsiveness by fatigue, by extremes of heat and
cold, its exaltation by stimulants, the arrest of the life-
process by poison.

The investigations which have just been deseribed
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of George IIl. 1760-1870. By Sir THomas

| Ersking Mav, K.C.B. (Lord Farnborough).
3vols. Cr. 8vo., 18s,

Hisrory 0F ENGLAND FROM THE |

ACCESSION OF J AMES THE SECOND.
Popular Edition. z vols. Cr. 8vo., 5s.
Student's Edifion. 2 vols. Cr. Bvo., 125,
Peopie’s Edition. 4 vols. Cr. 8vo., 16s.
‘ Albany ' Edition. With 6 Portraits. 6
vols. Large Crown 8vo., 35. 6d. each.
Cabinet Editron. 8 vols. Post 8vo., 48s.
‘ Edinburgh’ Edition. 4 vols. Bvo., Bs.
each.

CriticAL AxDp Historicar EssAdys, |

WiITH LAVs oF AXNciexnT RoME, ete., in 1
volume.

Popular Edition.
' Silver Library ' Edition.

Crown 8vo., 25, 6d.
With Portrait

 Merivale (CuarrLes, D.D.).

Hisrory or THE ROMANS UNDER THE
EMpPIRE. 8vols, Crown 8vo., 35. 6d. each.
|
ToE FALL OF THE ROMAN REPUBLIC:
a Short History of the Last Century of the
Commonwealth. 12mo., 7s5. 6d.
\ Genxerai History orF Rome, from
the Foundation of the City to the Fall of
Augustulus, B.Cc. 753-A.D. 476. With 5

Maps. Crown 8vo., 7s. 6d.

and 4 Illustrations to the * Lays’. Cr. | Montague. — 7ve ErLEMENTS oF

Bvo., 3s. Bd.

CRiTicAL Axvp Historical ESsAvs,

Student’s Edition. 1 vol. Cr. 8vo., 6.
People’s Edition. 2 vols. Cr. 8vo., 8s.

* Trevelyan ' Edition. zvols. Cr. 8vo., gs.
Cabinet Edition. 4vols. Post 8vo., 24s.

' Edinburgh' Edition. 3 vols. Bvo., bs. |

each.

Essavs,whichmay behad separately,
sewed, Od. each ; cloth, 1s. each.

Addison and Walpole. | Frederick the Great.
Croker's Boswell's |ohnson. Ranke and Gladsione,

Hallam's Constitutional | Lord Bacon,
History. Lord Clive,
Warren Hastings. Lord Byron, and The
The Earlof Chatham (Twe | Comic Dramatists of
Essays). the Restoration,

Miscerraneovs WriTiNGs.
People's Edition, 1vol. Cr, 8vo., 45. bd.

MISCELLANEOUS WgtrivNes,
SPEECHES AND PoOEMS.
Popular Edition., Crown 8vo., 2s. bd.

Cabinet Edition. 4 vols. Post 8vo., 24s.

SE!.ECT!{}NS FROM THE PV.!‘E‘!TLW’?.E‘ oF
Lforp Macapray. Edited, with Oceca-
sional Notes, by the Right Hon. Sir G. O.
TrevELYAN, Bart. Crown 8vo., Bs.

ENGLIsSH CONSTITUTIONAL History. By
F. C. MonTAGUE, M.A. Crown Bvo,, 3s. 6d.

Nash.—7we Grear FAMINE AND
1Ts CApses., By Vavanan Nasn, With
8 Illustrations from Photographs by the
Author, and a Map of India showing the
Famine Area. Crown Bvo., Bs.

Owens College Essays.—Edited
by T. F. Tour, M.A., Professor of History
in the Owens College, Victoria University,
and James Tarr, MLA., Assistant Lecturer
in History. With 4 Maps. #ve., 125 6d. net.

Powell and Trevelyan. — 7wz
PEASANTS RiISING AND THE LOLLARDS:

a Collection of Unpublished Documents.
Edited by Epcak Powerr and G. M.
TrEVELYAN, Svo., G5 net.

Randolph.—7ke Law anp Poricy
oF ANNEXATION, with Special Reference to
the Philippines ; together with Observations
on the Status of Cuba. By Carman F.
KaMpoLPH. 8vo., gs. net.
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Rankin (REGINALD).

T Marouis D ARGENSON; AND
RrcHARD THE SEcoxD, 8vo., 1035, 6d. net.

A SvparrerxN's Lerrers 1o His
Wire. (The Boer War.) Crown 3vo,,
3s. fd.

Ransome.—7xr Rise oF Cownsrti-
TUTIONAL GOVERNMENT IN ENGLAND.
By CyriL Ransome, M.A, Crown 8vo., bs.

Seebohm (Freperic, LL.D., F.S.A)).

THE ENGLISH ViLLAGE COMMUNITY.
With 13 Maps and Plates. 8vo., 16s.

Tripar Custom IN ANGLo-Saxon
Law : being an Essay supplemental to
(1) *The English Village Community,’
(2) *The Tribal System in Wales' .
Bvo., 16s.

Seton-Karr.— 7we Carr ro Arwms,
igoo-1gor; or a Review of the Imperial
Yeomanry Movement, and some subjects
connected therewith. By Hexry SETON-
Karr, M.P. With a Frontispicce by R.
Caton-WoobvILLE. Crown Bvo., 55 net.

Shaw.—A HisTory oF THE ENGLISH
CHurcH DURING THE Crvir Wars anvn
UNDER THE COMMONWEALTH, 1640-1600,
By WiLLiam A. SHaw, Litt.D. 2z vols,
Bvo., 365,

Sheppard. — Tar Orp KRovar
Parace orF WHITEHALL. By EDGAR
SHerrarp, D.D., Sub-Dean of H.M.
Chapels Royal, Sub-Almoner to the King.
With 6 Photogravure Plates and 33 other

Ilustrations. Medium Svo., 215, net,

Smith.— CARTHAGE AND THE CARTH-
AGINTANS. By R. BosworTH SMiTH, M.A.
With Maps, Plans, etc. Cr. 8vo., 35. 6d.

Stephens. — 4 Hisrory oF THE
Frexcy RevorLurtron. By H. Morse
STEPHENS. Bvo. Vpls.l.and II. 18s. each.

Sternberg. — My EXPERIENCES OF

THE BoEr War. By ApaLsert CounT
SternBERG. With Preface by Lieut.-Col.
G. F, R. HExperson, Crown Bvo., 5s. net,
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Stubbs.— Hisrory orF rHE UniveEr-

sity oF DUrLIN. By J. W. Stuess. 8vo.,
125, Gd.

Sutherland.-- Twe Hisrory oF Auvs-
TRALIA AND NEW ZEBALAAD, from 1606-
19oo. By ALEXANDER SUTHERLAND, M.A.,
and GeorGE SuUTHErLanND, M.A. Crown
8vo., 25. 6d.

Taylor.— 4 Srvpexr’s Mawvvar or
THE HisTory oF INpia. By Colonel MEA-
pows TayLor, C.5.1., etc. Cr. 8vo., 75. 6d.

Thomson.— CHINA AND T'HE POWERS :
a Narrative of the Outbreak of 1goo. By
H. C. Tuomson. With 2 Maps and 29
[Mustrations. 8vo., 1os. 6d. net.

Todd, — PaRLIAMENTARY (GOVERN-

MENT IN THE Bririse COLONIES. By
Avpueus Toop, LL.D. 8vo., jos. net.

Trevelyan.— 7wz AmEericany REevo-
Lurion. Part I. 1766-1776. By Sir G. O.
TrEVELYAN, Bart, 8wvo., 106s.

Trevelyan.—E~xcranp v tHHE AcE
oF WrycLirre. By GeEorGeE MAcavurLay
TreEVELYAN. 8vo,, I5s.

Wakeman and Hassall.—ZEssavs
INTRODUCTORY TO THE STUDY OF ENGLISH
CONSTITUTIONAL History. Edited by
Hewnry OrrFLEY Wakeman, M.A., and
ArTHUrR Hassarr, M.A. Crown Bvo., 6s.

Walpole.—Hisrory or ENGLAND
FROM THE CONCLUSION OF THE (GREAT
Wagr 1xv 1815 7o 1858. By Sir SPENCER
WavrroLE, K.C.B. 6 vols. Cr. 8vo., bs. each.

Wylie (James HamiLton, M.A.).

Hisrory oF ENGLAND UNDER
Henry IV. 4 vols. Crown 8vo. Vol
L., 1309-1404, 105. 6d. Vol. II., 1405-
1406, 155. (out of print). Vol. IIL., 1407-
1411, 155. Vol IV,, 1411-1413, 215

TrwE Councit. oF CONSTANCE 70 THE

DesTH oF Founv Hus. Cr. 8vo., Bs. net,
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Bacon.—7TwE LETTERS AND LIFE OF

|
FrANCIS BACON, INCLUDING ALL HIS Oc-

CASIONAL HWoRKS.
DING, 7 vols,

Edited by JamEes SPED-
8vo., £4 4.

Bagehot.— Brocrariicar Srupiks.
By WaLter BaceHor. Crown 8vo., 35, 6d.

Blount. — Twe Mesoirs orF Sik
Epwarp Broonr, K.C.B., Erc. Edited
by Stuvart J. REID, Author of * The Life
and Times of Sydney Smith,’ etc. With 3
Photogravure Plates. 8vo., 10s. 6d. net.

Carlyle.— Twoaas Carrvie: A His-
tory of his Life. By JaMEs ANTHONY

Froupe.
1795-1835. 2z vols. Crown 8vo., 7s.
1834-1881. 2 vols. Crown 8vo., 7s.

Crozier.— My /yver Lire: being a |

Chapter in Personal Evolution and Auto-
biography. By JoHN BEATTIE CROZIER,
LL.D. B8vo., 14s.

Dante.—7we Lire anp Works orF
Danre ArricriEgr @ being an Introduction
to the Study of the *Divina Commedia’.
By the Rev. J. F. Hocan, D.D. With

Portrait. 8vo., 125. 6d.
Danton.—Zire or Danron. By A.
H. Beesry, With Portraits. Cr. 8vo,, 6s.

De Bode.— 7w Baroness pE Bobpk,
1775-1803. By Wirriam S, CurLpe-Pem-
serToN. With 4 Photogravure Portraits
and other Illustrations. 8wo., gilt top,
12s5. 6d. net.

Duncan.—dpmirar Duvwxcan. By

THe EarL oF Camperpown. With 3 Por-
traits. Bvo., 106s.
Erasmus.

Lire anp LErrers oF ERASMUS.
By James AxTHony Frounge., Crown
8vo., 35. 6d.

Tue Epistres oF Erasmus, from
his Earliest Letters to his Fifty-first Year,
arranged in Order of Time. English
Translations, with a Commentary. By
Francis Morcax NicHoLSs. 8vo., 185, net.

Faraday.—Farapay 4as a Dis-
coverer. By Joun Tywparr. Crown
Bvo., 3s. Gd.

Fénelon : his Friends and his
Enemies, 1651-1715. By E. K. Sanpkrs.
With Portrait. Bvo., 1os. 6d.

Foreign Courts and Foreign
Homes. By A. M. F. Crown 8vo., 6s.

Fox.— Tue Earry Hisrory or
CHARLES ¥ AMES Fox. By the Right Hon.
Sir G. 0. TreveLvan, Bart.

Library Edition.
Cheap Edition.

Granville.—Sowe Rrcorps oF THE
Larer Lire or HapriET, COUNTESS
GranviLLe. By her Granddaughter, the
Hon. Mrs. OLprieLp. With 17 Portraits.
8vo., gilt top, 16s. net.

Bvo., 18s.
Crown 8vo., 35. 6d.

Grey. — Memorr or SiR GEORGE
Grey, Barr, G.C.B., 1799-1882. By
MaxpeLL CrelgHTON, D,D,, late Lord
Bishop of London. With 3 Portraits.
Crown 8vo., 6s. net.

Hamilton.—Z/7ez or Sizk WiLLiam
Hamicron. By R. P. Graves. 8vo. 3vols.
155. each. ApbpeEwpum. 8vo., 6d. sewed.

Harrow School Register (The),
18o1-1900. Second Edition, 1go1. Edited
by M. G. Davcrisu, Barrister-at-Law.
Bvo. 155, net,

Havelock.—Mevoirs or Stk HEvry
Havetock, K.C.B. By Joun CLaRE
Marsuman. Crown Bvo., 3s. 6d.

Haweis.— My Muvsicar Live. By the
Rev.H,R.Haweis. With Portrait of Richard
Wagner and 3 Illustrations. Cr. 8vo., 6s. net.

Hiley. — Mzmories orF Harr a
CexrTury. By the Rev. R. W. HiLey,
D.D. With Portrait. 8vo., 15s.

. Holroyd (Magria JoserHa).

Ve GirLHoOD 0F MARIA JOSEPHA
Hoctrovp (Lady Stanley of Alderiey).
Recorded in Letters of a Hondred Years
Ago, from 1776-1796. Edited by ]. H.
ApeaneE. With 6 Portraits. 8vo., 18s.

Twre Earry Marriep LiFE oF
Maria Fosepua, Laby STanLEY OF
ALpERLEY, FROM 1796. Edited by ]. H.
ApEaxe. With 1o Portraits, etc. 8vo,, 18s.

Hunter.— 75z Lire oF Stk WiLriam
Wirson Huwrer, K.C.S.1.,. M. A., LL.D,
Author of * A History of British India,’ etc.
By Fraxcis Henry Skring, F.S5.8.  With
6 Portraits (2 Photogravures) and 4 other
Illustrations. 8wvo., 165, net.

Jackson.—Srovewarr Jacksow anp
THE AMERICAN Crvie Wag., By Lieut.-Col.
G. F. R. Hexperson. With 2 Portraits and
33 Maps and Plans, zvols. Cr. Bvo., 165, net.
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Leslie.— 75z Lire anp CampaicNs | POWYS.— PASSAGES FROM THELIARIES
oF Arex4inpeEr LEesrig, FirsT EARL OF or Mes. Pricip Lysse Powys, oF HarD-
Leven. By CHarLES SanrorD TERRY, wick House, Oxox. 1756-1808. Edited by
M.A. With Maps and Plans. 8vo., 16s. EmiLy J. CLiMENsoN, 8vo., gilt top, 16s.

Luther. — Lire or Lurner. By Réamakrishna: His LiFE  4aND
Jurios Késtuin, With 62 Illustrations Savives. By the Right Hon, F. Max
and 4 Facsimilies of MSS. Cr. 8vo., 3s. bd. MiiLLER. Crown 8vo., 55.

Macaulay.—7#e LiFE aND LETTERS | Rich.—Mary Rich, COUNTESS OF
oF Lorp Macauvray. By the Right Hon. W .agiwick (1625-1678): Her Family and

Sir G. 0. TrReEvVELYAN, Bart. Friends. Bv C. F 3 Wi
iy ’ o : y C. FELL SMITH. ith 7
Pu_ﬁular. Edition. 1 vol. Cr. Bve., 25. fid. Photogravure Portraits and g other Illustra-
Student's Edition 1vel. Cr. 8vo., bs. tions.  8vo., gilt top, 18s. net.

Cabinet Edifion. 2 wvols. Post 8vo., 125
‘ Edinburgh’ Edition. 2vols. 8vo.,bs. each.

Library Edition. 2 vols. B8vo., 36s. ' Romanes.— 7wz LiFE AND LETTERS

oF GEORGE FoHN Romanes, MA., LL.D
i da it . . F.R.S. Wiritten and Edited by his WirE.
M;g:?ﬁ?‘ind 'g%g; - ﬁdﬁf I:;.:ﬂfji‘.:é-;s oi With Portrait and 2 Illustrations. Cr. 8vo.,
A.M., of Concord, Massachusetts. With z | 54 net.
Fortemils, oy, 1 0, ' Russell. — SWALLOWFIELD AND [7S
Max Muller (F.) | Owners. By Constance Lapy RUSsELL,

of Swallowfield Park. With 15 Photogravure
MF_AUW'WQ‘E?R*"‘PHF: a Fragment. Portraits and 36 other llustrations. 4to.,
With 6 Portraits. 8vo., 125, 64d.

gilt edges, 425. net.
Avrp Lavc Syxs. Second Series.
8vo., 1os, Od.

Seebohm.— T#£OxFoRD REFORMERS

v y —Foun COLET, ERASMUS, AND THOMAS
CHIPS FROM A GERMAN WORKSHOP.  Mopp . a History of their Fellow-Work.

Vol. II. Biographical Essays. Cr. 8vo., 5s. | By FREDERIC SEEBOHM. 8vo., 145.
Meade.—GeveraL Sik RICHARD | gpal = :
MEADE AND THE FEUDATORY STATES OF S LIFEEG??PEEE%SE fgurfhfﬁ?.a DﬂFH .&iﬁbﬁ
CENTRAL AND SoUTHERN Inpia. ' By Srihs o A

THomas HExey THornToN. With Portrait, \;’::;;;ﬁ;;t;.:.l:?j. s W}I{th ,;Iﬂgf:a!:?:ﬁ and
Map and [llustrations. 8vo., 10s. 6d. net. | i, M 2 il ;

I
Morris. — 7we Lire or Wiiriasr | Tales of my Father.—By A. M. F.,

Mogrgrs. By J. W. Mackai., With 2z Por- | Author of * Foreign Courts and l*'ur‘eign
traits and 8 other Tlustrations by E. H, New, | Homes," and * On the Banks of the Seine’.
etc. 2 vols. Large Crown Bvo., tos. net. Crown 8vo., bs.

On the Banks of the Seine. By Tallentyre.—7we Womexy or THE
A. M. F., Authoress of * Foreign Courts and | S.arons, and other French Portraits. By
Yoreign Homes'. Crown 8vo,, bs. | S.G. TarrLextyre. With 11 Photogravure

| Portraits. 8vo., ros. 6d. net.

Paget.—Mewoirs avp LETTERS OF |
Sig ¥amEs Pacer. Edited by STEPHEN i i 181g-1g01. B
Pacer, one of his sons. With 6 Portraits | vhﬁt‘:gﬁ’ R. EE:T;' M.V.%.T glg*ﬁ_, Li.{
(3 Photogravures) and 4 other Illustrations. |  (q0an to the Queen. With Photogravure
8vo., 12s. 6d. net. Portrait. Crown 8vo., gilt top, 5s. net.

Pearson.— Cuarres HENRY PEAR- : X :
son, Author of ‘Mational Life and Character’. WEIPDIE —Sonwe UNPUBLISHED

Memorials by Himself, his Wife, and his LETTERS OF Horace Warrore. Edited
Friends. Edited by WiLLIAM STEBBING. | by Sir SPENCER WaLroLg, K.C.B. With
With a Portrait. 8vo., 14s. 2 Portraits. Crown 8vo,, 45. 6d. net.

Place.— 7wk Lire oF Francis Prace, Wellington.—LZLire or tHE DUKE
1771-1854. By Granam WaLias, M.A. | orF WgeLLINGTOoN. By the Rev. G. R.
With 2 Portraits. 8vo., 125, GrLewg, M.A. Crown 8vo., 3s. 6d.
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Arnold.—SEeas avp Lawvps. By Sir
Epwin Apxorp. With 1 Illustrations.
Crown 8vo,, 3s. bd.

Baker (Sir 5. W.).
Eicur YeEars tv Cevron. With 6
Ilustrations. Crown 8vo., 3s. 6d.

Twe RirFLe anp rneE Housxp N
Cevroxy., With 6 Illusts. Cr. 8vo., 35. 6d.

Ball (Joux).

Tre Arpive Guipg., Reconstructed
and Revised on behalf of the Alpine Club,
by W. A. B. CooLIDGE.

Vol. 1., Tee WesTERN ALPS : the Alpine
Region, South of the Rhone Valley,
from the Col de Tenda to the Simplon
Pass. With g New and Revised Maps.
Crown &vo., 125. net.

Hinrs and NoTES, PRACTICAL AND
SciENTIFIC, FOR TRAVELLERS IN THE
Arps: being a Revision of the General
Introduction to the °* Alpine Guide .
Crown #wo., 3s5. net.

Bent.— T#e Ruivep Crrigs oF Ma-
SHONALAND : being a Record of Excavation
and Exploration in 18g1. By ]J. THEODORE
Bext. With 117 Illustrations. Crown
8vo., 3s. 6d.

Brassey (The Late Lady).
A VovAce v rHE * Sunseam’ ; OUR

Houme oN THE OCEAN FOR ELEVEN |

MoxTHs.
Cabinet Edition. With Map and 66 Illus-
trations. Cr. 8vo., gilt edges, 7s. 6d.

‘ Silver Library ' Edition. With 66 Illus.-
trations. Crown 8vo., 35. 6d

Popular Edition.
qto., 6d. sewed, 1s. cloth.

School Edition. With 37 Illustrations,
Fep., 2s. cloth, or 3s. white parchment.

SUNSHINE AND STORM IN THE EAST.

FPopular Editton. With 103 Illustrations.
4to., 6d. sewed, 1s. cloth.

Ix reE TrApes, THE TROPICS, AND
THE ' RoARiNG FORTIES'.
Cabinet Edition. With Map and 220 Illus-
trations. Cr. 8vo., gilt edges, 7s. 6d.

Crawford. — Sovry Asmerican
SxeTcHEs. By RopertT CrawrorD, MLA.
Crown Bvo., bs.

With 6o Illustrations. |

| Iustrations,

Fountain.— 7wz Grear DESERTS
Anp Foresrs or Nokri AMERICA. By
PavL Fountain. With a Preface by W.
H. Hupsox, Author of * The Naturalist in
La Plata,” etc. 8vo., gs. 6d. net.

Froude (James A.).

Oceana: or England and her Col-
onies. With g Illustrations. Cr. 8vo., 35, 0d.

Tue Excrise iv e Wesr INDIES @
or, the Bow of Ulysses. With g Illustra-
tions. Crown 8vo., 2s. boards, 2s. 6d. cloth.

Grove,—SeveENTY-ONE Days' Canp-
ivG in Morocco. By Lady Grove. With
Photogravure Portrait and 3z Illustrations
from Photographs. 8vo., 75. 6d. net.

| Haggard.—4 WiNTER PILGRIMAGE :
Being an Account of Travels through
. Palestine, Italy and the Island of Cyprus,
| undertaken in the year 1 By H. Riper
. Hacoarp. With 31 Illustrations from Photo-
graphs. Cr. 8vo., gilt top, 125. 6d. net.

Heathcote.—.Sr. Kizp4a. By Nor-
man Hearscore. With 8o Illustrations
from Sketches and Photographs of the
People, Scenery and Birds by the Author.
Bva., 105, Bd. net.

Howitt.— Visrrs 10 REMARKABLE
Praces. 0Old Halls, Battle-Fields, Scenes,
illustrative of Striking Passages in English
History and Poetry. By WiLLiaxm HowrTT.
With 3o Illustrations. Crown 3vo., 3s. 6d.

Knight (E. F.).

 Wrre teE Rovar Fouvr : a Narra-
! tive of the Recent Tour of the Duke and
Duchess of Cornwall and York through
Greater Britain,  With 16 Illustrations
and a Map. Crown 8vo., 55. net.

Tuwe CrRUISE oF THE * ArerTE" ! the
Marrative of a Search for Treasure on the
Desert [sland of Trinidad. With 2 Maps
and 23 [Nustrations. Crown 8vo., 35. 6d.

Wiere Three Ewpires Megr: a
Marrative of Recent Travel in Kashmir,
Western Tibet, Baltistan, Ladak, Gilgit,
and the adjoining Countries. With a
Map and 54 Illustrations. Cr. Bvo., 3s. 6d.

TerE ‘ Farcon' owv THE Batric: a

. ‘u’a‘)l‘_agc from London to Copenhagen in
a

hree-Tonner.

With 1o Full-page
Crown 8vo., 3s. 6d.
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Lees.—Peaxs awp Pives: another | Smith.-—Crissine in vHE BRITISH
Norway Book. By ]J. A. Lees. With 63 | Jsces. By W. P. Haskerr Smite. With
Illustrations and Photographs. Cr. 8vo.,6s. | Illustrations and Numerous Flans,

Part I. ENGLAND. 16mo., 35, net.

|
Part I1. W ] L .
Lees and Clutterbuck.—B.C. 1887 : asrﬂ:‘ oy ALES AND JRELAND. 16mo.,

A RamBLe IN Britisy Corumsia. By ], A. |
Lees and W. J. CLurTERBUCK. With Map

and 75 Illustrations. Crown 8vo., 35. 6d. Spender.—uT wo WINTERS (N NOR-

WAY ! bemg an Account of Two Hoelidays
| spent on Snow-shoes and in Sleigh Driving,
| and including an Expedition to the Lapps.
Lynch. — Arsmexra ;@ Travels and! ByA. Epmunp Spenper.  With 40 [llustra-

tudies. By H. F. B. Lynci. With 197 | tions from Photographs. 8vo., 10s. 6d. net.

Ilustrations (some in tints) reproduced |

from Photographs and Sketches by the | L y
Author, 16 Maps and Plans, a Bibliography, Stfgﬂggg' {Thgﬁflp;f s EYGRS?:U“EMS':

and a Map of ﬂrmema and adjacent | " : .
countries. 2 vols. Medium 8vo., gilt top, %T:::Eémj HFCE& Wity ¢ Alasietione;

425. net.

' Three in Norway. By Two of

Them. With a Map and INustrations.
Nansen.— 7wk First CROSSING OF Crown Bvo., 2s. b-ua:gs. 25, ﬁsﬂ cloth.

GREENLAND. By Friprjor Nawsex. With

143 Illustrations and a Map. Crown 8vo.,

35. 6d, Tyndall.—(Jonx).

THE Graciers or rae Arpes. With
61 Illustrations. Crown Bvo., 6s. 6d. net.

Rice.—Occasronar Essavs ov Na-
Tive SourH Inpray Lire. By Stasvey | fHOURS oF EXERCISE 1N THE ALPS.
P. Ricg, Indian Civil Service. B8vo., 1os. 6d. With 7 [llustrations. Cr. 8vo., 6s. 6d. net.

Sport and Pastime.

THE BADMINTON LIBRARY.

Edited by HIS GRACE THE (EIGHTH) DUKE OF BEAUFORT, K.G.,
and A. E. T. WATSON,

ARCHERY. ByC. ]J.LoncMaNnand | B/G GAME SHQOOTING. By
Col. H. WarLroxn. With Contributions by Crive PHiLLipPs-WoOLLEY.
Miss LEecH, Viscount DiLrown, etc. With
2 Maps, 23 Plates and 172 Illustrations in Vol. I. AFRICA AND AMERICA.
the Text. Crown &vo., cloth, 6s. net; half- With Contributions by Sir Samuer W.
bound, with gilt top, gs. net. Baxer, W. C. Oswerr, F. C. SELovs,
etc. With zo Plates and 57 Illustrations
in the Text, Crown 3vo., cloth, 6s. net;
ATHLETICS. By MoxnTAGUE half-bound, with gilt top, gs. net.

SHEarman. With Chapters on Athletics
at School by W, BEacHEr THomas ; Ath- Vol. II. EUROPE, ASIA, AND THE

letic Sports in America by C. H. SHERRILL ; ARCTIC REGIONS. With Contribu-
a Contribution on Paper-chasing by W. Rye, tions by Lieut.-Colonel R. Hgser
and an Introduction by Sir Richarp WEeB- Percy, Major Avrcernon (. Heser
sTER (Lord ALversToxe). With 12 Plates Percy, etc. With 17 Plates and 56 Illus-
and 37 Illustrations in the Text. Cr. 8vo., trations in the Text. Crown 8vo., cloth,

cloth, 6s. net ; half-bound,with gilt top,gs.net. 6s. net; half-bound, with gilt top, gs. net.
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THE BADMINTON LIBRARY —confinued.

Edited by HIS GRACE THE (EIGHTH) DUKE OF BEAUFORT, K.G.,
and A, E. T. WATSON.

BILLIARDS. By Major W. Broap- | FISHING. By H. CHOLMONDELEY-

roor, R.E. With Contributions by A. H.
Boyp, SypeEnHam Dixown, W. ]. Forb, etc.
With 11 Plates, 19 Illustrations in the Text,
and numerous Diagrams. Crown 8vo., cloth,
Bs. net ; half-bound, with gilt top, gs. net,

COURSING AND FALCONRY.

By Harping Cox, CHARLES RICHARDSON,
and the Hon. GEraLp LascerLrLes. With
20 Plates and 55 Illustrations in the Text.
Crown 8vo., cloth, Bs. net; half-bound, with
gilt top, gs. net.

!
CRICKET. By A. G. STEEL and
the Hon. R. H. LyrTreLToN. With Con-

PENNELL.,

Vol. [. SALMON AND TROUT. With
Contributions by H. R. Frawncis, Major
Joux P. TRAHERNE, etc. With g Plates
and numerous Illustrations of Tackle, etc.
Crown 8vo., cloth, 6s. net; hallf-bound,
with gilt top, gs. net,

Vol. II. PIKE AND OTHER COARSE
FISH. With Contributions by the
Marguis oF ExETER, WILLIAM SENIOR,
G. CHrisTopHER Davig, etc. With
7 Plates and numerous [llustrations or
Tackle, ete. Crown B8vo., cloth, 6s. net ;
half-bound, with gilt top, gs. net.

|
tributions by AxprEw Lang, W. G. Grace, ZOOTBALL.  HISTORY, by Mon-

F. GaLg, etc. With 13 Plates and 52 [llus- |
trations in the Text. Crown 8vo., cloth, Gs.
net; half-bound, with gilt top, gs. net. '

CYCLING. By the EARL OF ALBE- |

MARLE and G. Lacy HiLrier. With 1g
Platez and 44 Illustrations in the Text.
Crown 8vo., cloth, 65, net; half-bound, with
gilt top, gs. net.

DANCING. By Mrs. LiLLy GrovE.
With Contributions by Miss MippLETON,
The Hon. Mrs. ArMyTAGE, ete. With
Musical Examples, and 38 Full-page Plates
and g3 Ilustrations in the Text. Crown
8vo., cloth, 6s. net; half-bound, with gilt
top, 0s. net.

DRIVING. By His Gracethe (Eighth) I
Duke of Beavrort, K.G. With Contribu-
tions by A. E. T. Warson the EarL oF |
OxsLow, ete.  With 12 Plates and 54 Illus- |
trations in the Text. Crown 8vo., cloth, 6s.
net; half-bound, with gilt top, gs. net.

FENCING, BOXING, AND
WRESTLING. By WaLter H. PoLLOCK,
F.C. GrovEe, C. PrEvosT, E. B. MrrcHELL,
and WALTER ArMsTRONG. With 18 Plates
and 24 Illustrations in the Text. Crown
8vo., cloth, 6s. net; half-bound, with gilt
top, gs. net.

TAGUE SHEARMAN: THE ASS0CIATION
G.ame, by W. ]. OakLEy and G, O, SMITH ;
Twe Rucery Union Game, by Frank
MircueLL. With other Contributions by
R. E. MacvagHTEN, M. C. KEMP, ]. E.
VincenT, WaALTER Camp and A. SUTHER-
Lanp, With 1g Plates and 35 Illustrations
in the Text. Crown Bvo., cloth, 6s. net;
half-bound, with gilt top, gs. net.

GOLF. By Horack G. HurcHINSON.

With Contributions by the Rt. Hon. A. ].
Barrour, M.P., Sir WaLTER SiMPsoN, Bart.,
AnprEw Lang, etc. With 34 Plates and 56
Illustrations in the Text. Crown 8vo., cloth,
Bs. net; half-bound, with gilt top, gs. net.

HUNTING. By His Grace the

(Eighth) Duke or Beavrort, K.G., and
Mowsray Morris. 'With Contributions by
the EarL oF SUFFOLK AND BERKSHIRE,
Rev. E. W. L. Davies, G. H. LoNGMAN,
etc. With 5 Plates and 54 Illustrations in
the Text. Crown Bvo., cloth, 6s. net ; half-
bound, with gilt top, gs. net.

| MOTORS AND MOTOR-DRIV-

ING. By Avrrep C. HarmsworTH, the
Marguis pE CeHassELouP-Lausat, the
Hon. Joux Scorr-Moxrtacu, R. J. Me-
crEDY, the Hon, C. 8. RoLLs, Sir Davip
SaLomons, Bart., etc.  'With 13 Plates and
136 Illustrations in the Text. Crown 8vo.,
cloth, gs. net; half-bound, 125. net.

A Cloth Box for use when Motoring, 25. net
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Sport and Pastime —continued.

LIBRARY—continued.

Edited by HIS GRACE THE (EIGHTH) DUKE OF BEAUFORT, K.G.,
and A. E. T. WATSON.

MOUNTAINEERING. By C. T.
Dext. With Contributions by the Right |
Hon. J. Bryce, M.P., Sir MarTin CoNnway, |
D. W. Fresurierp, C. E. MaTTHEWS, ete.
With 13 Plates and g1 [llustrations in the
Text. Crown 8vo., cloth, 6s. net; half- |
bound, with gilt top, gs. net.

POETRY OF SPORT (THE)—
Selected by HeprLey Peex. With a
Chapter on Classical Allusions to Sport by
Anprew Lawng, and a Special Preface to
the BADMINTON LIBRARY by A, E. T.
Warson., With 32 Plates and 74 Illustra-
tions in the Text. Crown 3vo., cloth, 6s.
net; half-bound, with gilt top, gs. net.

RACING AND STEEPLE-CHAS-
ING. By the EArL oF SUFFOLK AND
BErksHirE, W. G. CrAVEN, the Hon. F.
LAWLEY, ARTHUR CovENTRY,and A. E. T.
Watson. With Frontispiece and 56 [llus-
trations in the Text. Crown Bvo., cloth, 6s.
net ; half-bound, with gilt top, gs. net.

RIDING AND POLO. By Captain
RoBert WEIR, ]. Moravy Brown, T. F.
DAL, THE Late Duke or BEaurorT, THE
EarL oF SurFrFoLK AND BLERKSHIRE, etc.
With 18 Plates and 41 Illusts. in the Text.
Crown Bvo., cloth, 6s. net; half-bound,
with gilt top, gs. net.

ROWING. By R. P. P. Rowe and
C. M. Prrman., With Chapters on Steering
by C. P. SerocoLp and F. C. BeEGG; Met-
ropolitan Rowing by S. LE BLanc SMITH ;
and on FUNTING by P. W. Souire. With
75 Illustrations. Crown 8vo., cloth, 6s. net ;
half-bound, with gilt top, gs. net.

SHOOTING.

Vol. I. FIELD AND COVERT. By Lorp
WaLsingHam and Sir Ravrern Payde-
GarLrwey, Bart. With Contributions by
the Hon. GEraLD LasceLLEs and A, J.
StuAarT-WorTLEY. With 11 Plates and
g5 Illustrations in the Text. Crown Svo.,
cloth, 5. net; half-bound, with gilt top,
gs. net.

Vol. II. MOOE AND MARSH. By
Lok WaLsincHaM and Sir RALPH PAYNE-
GarLLwey, Bart. With Contributions by
Lorp Lovar and Lord CuarLes Lexxox
Kerr. With & Plates and 57 INlustrations
in the Text. Crown Bvo., cloth, 6s. net ;
half-bound, with gilt top, gs. net.

SEA FISHING. DBy Joux BICKER-
pyee, Sir H. W. Gore-BooTH, ALFREE
C. HarMsworTH, and W, Sentor, With 22
Full-page Plates and 175 [Husts, in the Text.
Crown 8vo., cloth, 6s. net ; half-bound, with
gilt top, gs. net,

SKATING, CURLING, TOBOG-

GANING. By ]. M. HeatHcotg, C. G.
Tepsurtr, T. MaxwerL WitHaMm, Rev,
Joux Kerr, Ormonp Haxge, HExry A.
Buck, ete.  'With 12 Plates and z72 lllus-
trations in the Text. Crown 8vo., cloth, 6s.
net; half-bound, with gilt top, gs. net.

SWIMMING. By ArcHiBALD SIN-
cLAir and WiLLiam HeExry, Hon. Secs. of the
Life-Saving Society. With 13 Platesand 112
INustrations in the Text. Crown Svo., cloth,
fis. net ; half-bound, with gilt top, gs. net.

TENNIS, LAWN TENNIS,
RACKETS AND FIVES. By ]. M. and
C. G. HEaTHcoTE, E. (0. PLEYDELL-Bou-
vERIE, and A. C. AingEr. With Contributions
by the Hon. A. LyrTELTON, W. C. MAR-
SHALL, Miss L. Dop, ete. With 12 Plates and
67 Illustrations in the Text. Crown 8vo.,
cloth, 6s. net; half-bound, with gilt top,
Q5. net.

VACHTING.

CRUISING, CONSTRUCTION
OF YACHTS, YACHT RACING
RULES, FITTING-OUT, etc. By Sir
Epwarp SuLLivax, Bart., Tue EArRL oF
Pemeroke, Lorp Brassey, K.C.B.,, C.
E. Seru-SMmire, C.B,, G. L. Warson, R.
T. PritcHETT, E. F. KniaguT, etc. With
21 Plates and g3 Illustrations in the
Text. Crown 8vo., cloth, 6s. net; half-
bound, with gilt top, gs. net.

Vol. L.

Vol. 1I. YACHT CLUBS, YACHT-
ING IN AMERICA AND THE
COLONIES, YACHT RACING, etc.
By R. T. PriTcueTT, THE MARQUIS OF
DurrFErRIN AND Ava, K.P., THE EARL oF
Omsrow, James McFERraN, etc.  With
35 Plates and 160 Illustrations in the
Text. Crown Bvo., cloth, gs. net: half-
bound, with gilt top, gs. net.
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FUR, FEATHER, AND FIN SERIES.

Edited by A. E. T. WaTson.
Crown 8vo., price 55. each Volume, cloth.

* ¥ The Volumes are also issued half-bound in Leather, with gilt top. Price 75. 6d. net each.

THE PARTRIDGE. Natural His-
tory, by the Rev. H. A. MacPHERSON;
Shooting, by A. ]. STUART-WORTLEY ;
Cookery, by GEorGE SAmNTseURY. With
11 [Nustrations and various Diagrams in
the Text. Crown 8vo., 5.

THE GROUSE. Natural History, by
the Rev. H. A. MacrHERSON; Shooting,
by A. J. SrtuarT-WorTLEY; Cookery, by
Georce Saixrseuery, With 13 Illustrations
and various Diagrams in the Text, Crown
Bvo., 5s.

THE PHEASANT. Natural History,
by the Rev. H. A. MacrHERSON ; Shooting,
by A. J. StuarT-WorTLEY ; Cookery, by
ALExaNDER INnNESs SHanp, With 10 [llus-
trations and wvarious Diagrams., Crown
8vo., 55.

THE HARE. Natural History, by

the Rev. H. A. Macruerson ; Shooting,
by the Hon. GErALD LasceELLES ; Coursing,
by CuarrLEs RicHarpsox ; Hunting, by J.
S. Gisrons and G. H. LonoMman ; Cookery,
by Col. Kexxey Herperr. With g
Illustrations. Crown 8vo., 55

RED DEER.—Natural History, by

the Rev. H. A. Macruerson ; Deer Stalk-
ing, by Cameron orF LocHIEL; Stag
Hunting, by Viscount EBRINGTON ;
Cookery, by ALEXANDER INNES SHAND,
With 1o [llustrations. Crown Bvo., 53,

THE SALMON. By the Hon. A. E.

GatHorne-Harpy., With Chapters on the
Law of Salmon Fishing by CLaup DouGLAS
Pexnant; Cookery, by ALEXANDER INNES
Suaxp, With 8 Illustrations. Cr. 8vo., 55.

THE TROUT. By the MARQUESS

ofF Granpy. With Chapters on the Breed-
ing of Trout by Col. H. CusTance; and
Cookery, by ALexanper INNES SHAND.
With 1z Illustrations. Crown Bvo., 5s.

THE RABBIT. By Jamis EDMUND

Harting. Cookery, by ALEXANDER INNES
SHanp. With 1o [llustrations. Cr. 8vo., 55.

PIKE AND PERCH. By WiLLiam

Senior  (° Redspinner,’ Editor of the
‘Field'). With Chapters by Joux BiCcKER-
pyke and W. H. Pore; Cookery, by
ALeXANDER Innes Suanp. With 12 II-
lustrations. Crown 8vo., 55.

Alverstone and Alcock.—SvurrEY
Cricerr: its History and Associations.
Edited by the Right Hon. Lorp ALVER-
srong, L.C.]., President, and C.W. ALcock,
Secretary, of the Surrey County Cricket
Club. With 48 Illustrations, 8vo., 16s. net,

Bickerdyke.—D.ivs or My Lire on
Warter, Fresg AanDp SaLrT; and other

Photo-etching Frontispiece and 8 Full-page
Illpstrations. Crown Bvo., 35. 64

Blackburne. — Mz, BricksurRNE'S
GAMES A7 CHESS. Selected, Annotated
and Arranged by Himself. Edited, with a
Biographical Sketch and a brief History of
Blindfold Chess, by P. ANDERSON GRAHAM,
With Portrait of Mr. Blackburne. 38vo.,
7s5. Bd. net.

' Dead Shot (The): or, Sportsman’s

Complete Guide. Beinga Treatise on the Use
of the Gun, with Rudimentar;,r and FinishinF
Lessons in the Art of Shooting Game of all
kinds. Also Game-driving, Wildfowl and
Pigeon-shooting, Dog-breaking, etc. By
Margsman., With numerous Illustrations.
Crown 8vo., 10s. 6d.

| Ellis.— C#Ess Sparks ; or, Short and
Papers. By Joux Bickerpyke. With

Bright Games of Chess. Collected and
Arranged by ]J. H. ELrL1s, M. A, 8vo., 45. 6d.

Folkard.— 7w Wirp-Fowrer: A

Treatise on Fowling, Ancient and Modern,
descriptive also of Decoys and Flight-ponds,
Wild-fowl Shooting, Gunning-punts, Shoot-
ing-yachts, etc. Also Fowling in the Fens
and in Foreign Countries, Rock-fowling,
etc., etc., by H, C. FoLkarp. With 13 En-
gravings on Steel, and several Woodcuts.
Bvo., 125. O4,
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Ford,—Mimppresexy Counrty CRICKET
Cruym, 1864-18gg. Written and Compiled
by W. ]J. Forp (at the request of the Com-
mittee of the County C.C.). With Frontis-
piece Portrait of Mr. V. E. Walker. 8vo.,
105. net.

Ford.—TwE THEORY AND PRACTICE
oF ArcHeEry. DBy Horace Forp., New
Edition, thoroughly Revised and Re-written
by W. Burt, M.A. With a Preface by C.
J. LongMan, M.A. 8vo., I4s.

Francis,—A Boox on AncLine: or,
Treatise on the Art of Fishing in every
Branch ; including full Illustrated List of 5al-
mon Flies. By Francis Francis. With Por-
trait and Coloured Plates. Crown 8vo., 158,

==

Fremantle. — Zw= Boox oF 7THE
RirLe, By the Hon. T. F. FREMANTLE,
V.D., Major, st Bucks V.R.C. With 54
Plates and 107 Diagrams in the Text. 8vo.,
125, 6d. net.

Gathorne - Hardy. — Avromns v

Arcyiesuirg wirw Rop axp Gun. By

the Hon. A. E. GatHornE-Harpy. With

8 Photogravure Illustrations by ARCHIBALD

THorBURN. Evo., G5, net.

Graham.—Counrry PasTiMES FOR
Boys. By P. AnpeErsoN GraHam, With
z52 Illustrations from Drawings and
Photographs.  Cr. 8vo., gilt edges, 3s. net.

Hutchinson.— 7wz Boox or GoLr
AND GoLFeERs. By Horack G. HuTcHIN-
soN. With Contributions by Miss Amy
Pascog, H. H. HiLton, J. H. TavLor, H
J. WHigHaM, and Messrs. SurTon & Sons.
With 71 Portraits from Photographs. Large
crown 8vo., gilt top, 75. 6d. net.

Lang.—Aw~crive Skercwes. By
AxprEw Lawg. With 2o Illustrations.
Crown Bvo., 335. 6d.

Lillie (ArTHUR).

Cropuver: its History, Rules and
Secrets. With 4 Full-page Illustrations,
15 [llustrations in the Text, and 27 Dia-
grams. Crown 8vo., 6Gs.

Cropver ve 7o Dare. Contain-
ing the Ideas and Teachings of the
Leading Players and Champions. With
Contributions by Lieut.-Col. the Hon. H.
MeEDpHAM, C. D, Locock, etc. With 19
Illustrations (15 Portraits), and numerous
Diagrams. 8vo., 103, 6d. net.

Locock.—S:/pe anp Screw: being
Notes on the Theory and Practice of the
Game of Billiards. By C. D. Locock.
With Diagrams. Crown 8vo,, 55, net,

Longman.—Cwrss Orenines. By
Freperick W. Loneman. Fep. 8vo., 2s. 6d,

Mackenzie.—Nores ror Huwrinve
Mgyxy. By Captain CoRTLANDT GORDON
Macrkenzie. Crown 8veo,, 25, 6d4. net.

Madden.— 7wz Diary or MaSTER
WiLLram SrLENcE : a Study of Shakespeare
and of Elizabethan Sport. By the Right
Hon. D. H. Mappexn, Vice-Chancellor of the
University of Dublin. 8vo., gilt top, 16s,

Maskelyne.—S#irrs anp Frars: a
Complete Revelation of the Secrets of
Cheating at Games of Chance and Skill. By
Joux Nevi Maskeryse, of the Egyptian
Hall. With 62 [llustrations. Crown Bvo., Bs.

Millais. — 7w WiLp-FowLER
ScoTianp. By Joux GuiLrLe MiLvais,
F.Z.5.,etc. With a Frontispiece in Photo-
gravure by Sir J. E. MiLrais, Bart., P.R.A.,
8 Photogravure Plates, 2 Coloured Plates and
50 Ilustrations from the Author's Drawings
and from Photographs. Royal qto., gilt top,
3os. net.

Modern Bridge.—By * Slam’. With
a Reprint of the Laws of Bridge, as adopted
by the Portland and Turf Clubs. 1Bmo.,
gilt edges, 3s5. 6d. net.

T

Park.—7we Game or Gorr. By
WirLiam Park, Jun.,, Champion Golfer,
1887-8g9. With 17 Plates and 26 Illustra-
tions in the Text. Crown 8vo., 7s. 6d.

Payne-Gallwey (Sir Ravpn, Bart.).

Lerrers ro Youne Swoorers (First
Series). On the Choice and use of a Gun.
With 41 Illustrations. Crown 8vo., 75. 6d.

Lerrers ro Youne Swoorers(Second
Series). On the Production, Preservation,
and Killing of Game. With Directions
in Shooting Wood-Pigeons and Breaking-
in Retrievers. With Portrait and 103
[Mlustrations. Crown 8vo., 125. 6d.

Lerrers T0 YOoUNG SHOOTERS.
(Third Series.) Comprising a Short
Natural History of the Wildfowl that
are Rare or Common to the British
Islands, with complete directions in
Shooting Wildfowl on the Coast and
Inland. With 200 Illustrations. Crown
Bvo., 185,
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Pole.— TwE Theory o riE Mopery | Ronalds.—Twe Fryv-Frswer's Exro-

ScIENTIFIC GAME oF WHIsT. By WILLIAM

PoLe, F.R.S. Fep. 8vo., gilt edges, 2s. net. |

soLecy. By Avrrep Rowarps. With 2o

coloured Plates. 8vo., 144

Proctor.— How 1o Pray Weaisr: | Selous.—Srorr anvp TrRaver, Easr

Wit THE LAws AND ETQUETTE OF
Wersr. By Ricuarp A, Proctor. Crown |
8vo., gilt edges, 3s5. net.

Anp WEsT. By Freperick COURTENEY
Serovs., With 18 Plates and 35 Illustra-
tiong in the Text. Medium Bvo., 125. 6. net.

Mental, Moral, and Politieal Philosophy.

LOGIC, RHETORIC, PSYCHOLOGY, &C.

Abbott.— Tre Eremenrs or Locic. |
By T. K. AssoTrT, B.D. 12mO., 35 f

Aristotle. .

|

Twe Erwics: Greek Text, Illustrated |

with Essay and Notes. By Sir ALEXAN-
pER GRANT, Bart. 2 vols. 8vo., 32s.

Awx Intropvcrion 10 ARISTOTLE'S
Erarcs. Books L.-IV. (Book X. c.vi.-ix.
in an Appendix). With a continuous
Analysis and Notes. By the Rev. E.
Moorg, D.ID. Crown 8vo., ros. 6d. |

Bacon (Francis). !

ComprerE Works. Edited by R. L. |
ELrLis, JaMes Seeppine and D. D. |
HeaTH. 7 vols. 8wvo., £3 13s. 6d. |

LETTERS AND Lirg, iIncluding all his |
occasional Works. Edited by James

SpEpDING. 7 vols. 8Bvo.;, L4 43, |

TwE Essays: with Annotations. By |
RicHarD WHATELY, D.I). 8vo., 1os. 6d. |

Twe Essavs: with Notes. By F. |
Storr and C. H. Gisson. Cr. 8vo., 35. 6d.

Twr Essavs: with Introduction,
Notes,and Index. By E.A. AssorT, D.D,
2 Vols. Fep. 8vo.,65. The Text and Index
only, without Introduction and Notes, in
One Volume. Fep. 8vo., 25, 6d.

Bain (ALEXANDER).

MenTAL AvD MoraL SciENCE: a
Compendium of Psychology and Ethics,.
Crown Bvo., 10s, 6d, i

Or separately, |
Part 1. Psycworocy Anp HisTory oF |
FPritosoryy, Crown 8vo,, b5, 6d,

Part I1. THEORY OF ETHICS AND ETHICAL
Sysreams. Crown Bvo., 45. 6d.

Bain (ALEXANDER)—continued.
Logre. Part . Depvucrron. Cr, 8vo.,
4s. Part II. InpucTion. Cr. 8Bvo., 6s. 6d.

THE SENSES AND THE INTELLECT.
Bvo., 155,

TwE EMOTIONS AND THE
Bvao., 153,

Pracrrcar Essavs. Cr. 8vo., 2s.

WirrL.

Bray.—Txwe Prirosorsy or NEcCEs-
sity: or, Law in Mind as in Matter. By
CHARLES Bray. Crown 8vo., 55

Brooks.— T'wx Eresexrs or Mivp :
being an Examination into the Nature of
the First Division of the Elementary Sub-
stances of Life. By H. Jamyx Brooks.
8vo., 10s. 6d. net.

Crozier (Jou~n BearTIE).

CiVILISATION AND PROGRESS : being
the Outlines of a New System of Pelitical,
Religious and Social Philosophy. 8veo.,14s.

Hisrory oF INTELLECTUAL DEVEL-
oPWENT :on the Linez of Modern Evolution,

Vol. I. Bvo., 14s.
Vol. IL. (I'n preparation.)
Vol. ITII. 8vo., 10s. 6d.

Davidson.—Twe Locic or DErixi-
rion, Explained and Applied. By WiLLiam
L. Davipsox, M.A. Crown 8vo., 6s.

Green (THomas HiLr).—Tue Works

oF. Edited by R. L. NETTLESHIF.

Vols. L. and 11. Philosophical Works.
165. each.

Vol. I11. Miscellanies. With Index to the
three Volumes, and Memoir. 8vo., 21s.

avio.

LECTURES ON THE PRINCIPLES OF
PoLirical UsLicATion. With Preface
by BErnarp BosanQuer. 8vo., 5s.
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LOGIC, RHETORIC,

Gurnhill. — 7wz MoraLs or Svicipk. |
By the Rev. ]. GurnHiLL, B.A.  Crown |
8vo., 6Os. :

Hodgson (SuapworTH H.).
Time anp Srace: A Metaphysical
Essay. B8vo., 16s.

Tue THeEORY OF PRACTICE:
Ethical Inquiry. 2 vols. 8vo., 24s.

TewE PHILOSOPHY OF REFLECTION.
2 vols. 8wvo., 218,

TrE METAPHYSIC OF EXPERIENCE.
Book I. General Analysis of Experience ;
Book II. Positive Science; Book III.
Analysis of Conscious Action; Book IV.
The Real Universe. 4vols. 8vo., 36s. net.

an

Hume.— 7TwE PrirosoriicAr. WoRKS
or Davip Hume, Edited by T. H. GREEN
and T. H. Grose. 4 vols. 8vo., 28s. Or

separately, Essavs. 2 vols. 14s5. TrREATISE
oFf HumMan NATURE. 2 vols. 14s.

James (WirrLiam, M.D., LL.D.).

Twe Wirr ro Berieve, and Other
Essays in Popular Philosophy. Crown
8vo., 7s. 6d.

TwE VarieTiES 0F RELIGIOUS EX-
PERIENCE : a Study in Human Nature.
Being the Gifford Lectures on MNatural
Religion delivered at Edinburgh in 1goz-
1goz. Bwvo., 125 net,

UsTINtAN @ Latin Text, chiefly that ot
uschke, with English Introduction, Trans-
lation, Notes, and Summary. By THoMAS
C. Sanpars, M.A. 8vo., 1Bs. .

Kant (ImmaNuvEL).
CRITIQUE oF PRrRAcTIcAL REASON,
AND OTHER Works onN THE THEORY OF

Errics. Translated by T. K. AspoTT,
E.D. With Memoir. 8vo., 12: 64.

FUNDAMENTAL PRINCIPLES OF THE
MEerarnysic oF ETnics. Translated by
T. K. AeeorT, B.D. Crown %vo, 3s.

Inrropucrion 10 Locic, AND HIS |
E554y on THE MIsTAKEN SUBTILTY OF |
THE Four Freurgs. ‘Translated by T. |
K. ArrorT. 8vo., 63 5

Justinian.—7xr  Insrirures QFi
|

Kelly—Goversmenr ox HumAn
Evorurion. By Epmoxp KerLry, M.A.,
F.G.5. Vol. I. Justice. Crown 8vo., 7s. 64.
net. Vol. I1. Collectivism and Individualism. |
Crown 8vo., 1os. 6. net.
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PSYCHOLOGY, &C.

Killick.—Havpsoox ro Mici's
SysTEmM oF Locic. By Rev. A. H.
KiLLick, M.A. Crown 8vo., 35. 6d.

Ladd (GeorgeE TruMBULL).

Purrosopry oF Conpucr: a'lreatise
of the Facts, Principles and Ideals of
Ethics. B8vo., 218,

EremenTs oF PHYSIoLoGICAL Psy-
CHOLOGY. Bvo., 215

OurriNes oF DESCRIPTIVE FPSYcHO-
Loy : a Text-Book of Mental Science for
Colleges and Normal Schools. 8vo., 125.

Qurrines or PrysiorocicAar FPsy-
CHoLoGY. Bvo., 12s.

Privver oF PsycHorocy.
55. Od,

Lecky.—7we Mar or Lire: Con-

duct and Character. By WiLLiam Epwarp
HarTroLE LEcky.

Library Edition, 8vo., 10s. 6d.
Cabinet Edition, Cr. 8vo., 55. net.

Cr. 8vo.,

Leighton.—7vricar Mobery Con-
cEPrioNs oF Gob; or, The Absolute of
German Romantic Idealism and of English
Evolutionary Agnosticism, With a Con-
structive Essay. By JoSEPH ALEXANDER
LeiGHTON. Crown 8vo., 3s. 6d. net.

Lutoslawski.—7#e ORIGIN AND
GrowrH oF Praro's Locrc. With an
Account of Plato's Style and of the Chrono-
logy of his Writings. By WincenTY
LurosLawskl  8wo., 21s.

Max Mauller (F.).
TrE Screnceor TrovcrT. 8vo., 215,

TwE Sitx Sysrems oF fNprany PHIL-
OSOPHY. Bvo., 18s.

ThrEE LECTURES ON THE VEDANTA
FPuirosorsay. Crown 8vo., 5s.

Mill (Joun STUART).
A Syvsrex or Logic. Cr. Bvo., 35. 6d.
O~ Liserry. Crown 8vo., Is, 4d.

CONSIDERATIONS ON REPRESENTA-
TIVE GOVERNMEMNT. Crown Bvo., 2s.

Uririrarianisy. 8vo., 25, 6d.

Examivarion or SR WiLLiam
HamreroN's PriLosoruy. 8vo., 165,

Narvre, thE Uriniry oF RELIGION,
AND Traeisym. Three Essays. 8vo., 5s.
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Mental, Moral, and Political Philosophy-—continued.
LOGIC, RHETORIC, PSYCHOLOGY, &C.

Monck. — Ax Ivrropucrion 710 |
Logic. By WiLLiam Hexgy 8. Monck, |
M.A. Crown 8vo., 5s. |

|

Pierce.—Srvpies iv Aubirory 4anp |
Visvar Space Prercerrion: Essays on
Experimental Psychology. By A. H. |
Fierce. Crown 8vo., 6s. 64, net.

Richmond.— 7we Mivn or 4 Cuirp.
By Exnis Ricumonp, Cr. Bvo., 35. 6d. net.

Romanes.—Mivp axp Moriony Axp
Montsy. By GeorceE Joun Romanes,
Cr. 8vo., 4s. 6d.

Sully (JamEs).

Tre Huswan Minvp: a Text-book of

Psychology. 2 vols. 8vo., 21s. -

Qurrinves oF Psvcrorocy. Crown |

Bvo., gs.

|
Tue TeaceeEr's Hanpsoox oF Psy- |
cHoLogY. Crown Bvo., Gs. Od.

Srupresor CHiILpHOOD, 8v0.,105.64. |
CrirpreN's Wavs: being Selections |

from the Author's © Studies of Childhood *.
With 25 [llustrations. Crown Bvo., 43, 6d.

Sutherland. — 7w OriciN AND

GrROWTH oF T1HE MoraL INsriver. By
ALEXANDER SuTHERLAND, M.A. 2 vols.
8vo,, 28s, |
Swinburne, — FPicrvre Locic: an

Attempt to Popularise the Science of
Reasoning. By ALFRED JAMES SwWINBURNE,
M.A. With 23 Woodcuts. Cr. 8vo., 25. 6d. |

Thomas.— /vivirive SUGGESTION.
By ]. W. Tuomas, Author of * Spiritual Law
in the MNatural World,' ete. Crown 8vo.,
35. Bed. net.

Webb.—T#e Veir oF Isis: a Series
of Essays on ldealism. By THomas E.
Wese, LL.D., Q.C. 8vo., 10s. 6d.

Weber.— Hisrory oF PHILOSOPHY.
By AvrrEp Weser, Professor in the Uni-
versity of Strasburg. Translated by Frang
THiLLy, Ph.D. B8vo., 16s.

Whately (Archbishop).

Bacon's Essays. With Annotations,
Bvo., 105. Bd.

Eremenrs oF Locic. Cr. 8vo., 45. 64d.

Eremenrs or Reerorre. Cr. 8vo.,
43, bd.
' Zeller (Dr. EDwaRD).
Twe Sroics, EPICUREANS, AND

Sceprics. Translated by the Rev. O. ].
ReicHEL, M.A, Crown Bvo., 15s.

Ouvrrives orF THE HISTORY OF
GrEEx PrHiosorry.  Translated by
SaraH F. ALLevNE and EVELYN ABBOTT,
M.A., LL.D. Crown 8vo., 1os. 6d.

Praro Axnp 7HE OLDER ACADEMY.
Translated by Saran F. AvLpLevnNe and
ALFRED Goopwin, B.A. Crown 8vo., 18s.

SOCRATES AND THE -~SocRATIC
ScaooLs. Translated by the Rev. O.
J. ReicHEL, M.A. Crown 8vo., 10s. 64,

ArisroriE anp THE EArLiER PERI-
raTETICS. 'Translated by B, F. C. Cos-
TELLOE, M.A,, and ]. H. MUIRHEAD,
M.A. =z vols. Crown Bvo., 245,

STONYHURST PHILOSOPHICAL SERIES.

A Manvar or Poriricar Ecovosy.
By C. S. DEvas, M.A. Crown 8vo., 7s. bd. |

Firsr PrivciprLes or KNowWLEDGE. !

By JoHn Rickapy, 5.].. Crown 8vo., 53, '

GENERAL MEerarnyvsics. By ]Jons
Rickary, 8.]. Crown 8Bvo., 5s.

Locic.
Crown 8vo., 5s.

By RicHarp F. CLARKE, 8.]. | Ps¥cHOLOGY.

Morar Prirosorry (ETHICS AND
NaTUuRAL Law). By JosepH Rickanpy, 8.].
Crown 8vo., 55.

Narvrar Tweorocy. By BERNARD
Boepper, 85.]. Crown 8vo., bs. 6d.

By MicuaErL MAHER,
5.J., D.Litt., M.A, (Lond.). Cr. 8vo., 6s. 6d.



Z0

History and Science of Language, &e.

Davidson. —ZLgaping axp Imrort-
ANT ExcrList Worps: Explained and Ex-
emplified. By WinLiam L. Davipsox,
M.A. Fcp. 8vo., 3s. 6d.

Farrar.—favcvace aND LANGUAGES.
LBy F. W. Farrag, D.D., Dean of Canter-
bury. Crown 8&vo., bs.

Graham. — Envcrisa SyNoNvms,
Classified and Explained: with Practical
Exercises. By G. F. Granam. Fcp. 8vo., 6s.

Max Miiller (F.).

TwE Science oF LANGUAGE. 2 vols.
Crown 8vo., To0s.
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Max Miiller (F.)—continued.

Brocrarwies or WokbS, AND THE
Home or rHE ARvas. Crown 8vo., 55.

CHrrs From 4 GERMAN WoRKSHOP.
Vol. 111. Essavs oN LANGUAGE AND
Literarure. Crown 8vo., 55.

Lasr Essavy. First Series. Essays
on Language, Folk-lore and other Sub-
jects. Crown 8vo., 55.

Roget.—7TwEsavrys oF ENGLISH

. Worps anp Pprasgs. Classified and

Arranged so as to Facilitate the Expression

of Ideas and assist in Literary Composition.

By Peter Mark Rocer, M.D., F.R.S.
With full Index. Crown Bvo., gs. net.

Political Economy and Economies.

Ashley (W. J.).

Excrisig Ecoxomic HisTORY AND
TxEoRY. Crown Bvo., Part 1., g5, Part
II., ros. 6d.

Svrveys, Historic avp Ecovoaic.
Crown 8vo., gs. net.

Bagehot.—FEcovomic Srvpies. By
WaLTER Bacenor. Crown Bvo., 3s. 6d.

Barnett.— PRACTICABLE SOCIALISM :
Essays on Social Reform. By SaMuEeL A.
and HENRIETTA BARNETT. Crown 3vo., Gs.

Devas.—A Maxvar or POLITICAL
Econvomy. By C.S.Devas, M.A. Cr. 8vo.,
w5, 6. (Stenyhurst Philosophical Series.)

Lawrence.—ZLocdr VARIATIONS IN
W.acges. By F. W. Lawrence, M.A. With
Index and 18 Maps and Diagrams, 4to.,85.6d.

Leslie.—Essavs on Poriticar Eco-
vomy. By T. E. Crirre Lestie, Hon.
LL.D., Dubl. 8vo., 1os. 6d.

Macleod (Hexry DunNinNg).

Ecovoxmics FOR BEGINNERS.
8vao., as.

Crown

Twe ELEMENTS OF ECONOMICS.
vols. Crown 8vo., 35. 6d. each.

8vo., 55. net.

BiyMETALLISM.

Tue Eremenrts or Bawvkive., Cr,

Bvo., 3s5. bd.

TwE THEORY AND PRACTICE OF
Bankinvg. Vol. 1. 8vo., 125. Vol. I1. 14s.

| Macleod (Hexry Dunning)—contd.

| Twe Turory or Crepir. 8vo,
: In 1 Vol., 30s. net; or separately, Vol.
[ I.. tos. net. Vol. II., Part 1., 10s. net
| Vol IL, Part II. 1os. net.

Inpraw CurrENCY, 8vo,, 25. 6d. net.

| Mill.—Porsricar  Ecovomy. By
Jonun Stuart MiLL. Popular Edition. Cr.
8vo.,35.6d. Library Edition. 2 vols. 8vo.,30s.

Mulhall.—/~vpusrries avp WearTy
oF Natroxs. By Micuaer G, MuLHALL,
F.5.5. With 32 Diagrams. Cr. 8vo., 8s. 6d.

Spahr.—Auzrica’s WorkiNGPEOPLE.
By CuagrLes B. Sranr, Crown 8vo., 55. net.

Symes. — FPorirical EcoNomy :

Short Text-book of Political Economy.
| With Problems for Solution, Hints for
Supplementary Reading, and a Supple-
mentary Chapter on Socialism. By ]. E.
Svymes, M.A. Crown 8vo., 23. 6d.

a

Toynbee.—ZLecrures oN THE AN
DUSTRIAL REVOLUTION OF THE 18TH CEN-
TURY IN ENGLAND., By ArnoLD TOYNBEE.
8vo., 10s. 6d.

Webb (Sipnev and BEATRICE).

Twe Hisrory oF ThRape Unionism.
With Map and Bibliography. 8vo.,7s. 6d.

net.

InpusTrRIAL DEMockAcy : a Study

in Trade Unionism. 2 vols. 8vo., 125, net.
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Evolution, Anthropology, &e.

Clodd (Epwarb).

Trae Story oF Credarron: a Plain
Account of Evelution. With 77 Illustra-
tions. Crown 8vo., 3s. 6d.

A Privmer or Evorvrion: being a
Popular Abridged Edition of ‘ The Story
of Creation’'. With Iliustrations. Fcp.
8vo., 1s. bd.

Lubbock.— Twe Oricivor CiviLisa-
TioN, and the Primitive Condition of Man.
Ly Sir J. LueBock, Bart., M.P. (LorD
AveBURrY). With 5 Plates and 2o Illustra-
tions. Hvo., 18s,

Packard,—L.awarck, vHE FOUNDER
oF Evorvrron: his Life and Work, with
Translations of his Writings on Organic
Evolution. By ALpHEUS S. PACKARD,
M.D., LL.D., Professor of Zoology and
Geology in Brown University. With 10
Portrait and other Ilustrations. Large
Crown Bvo., gs. net.

' Romanes (GEORGE JOHN).

Essayvs. Edited by C. Lroyp
Morcan., Crown 8vo., 55. net.

Arv Examivarion or WEsmavy-

IsM. Crown S3vo,, 6s.

DARWIN, AND AFTER DARWIN: an
Exposition of the Darwinian Theory,and a
Discussion on Post-Darwinian Questions.

Part I. THE Darwiniany Tueory. With
Portrait of Darwin and 125 Illustrations.
Crown Bvo., 10s5. 64,

Part II. PosT-DARWINIAN (QQUESTIONS:
Heredity and Utility. With Portrait of
the Author and 5 Illustrations. Cr. 8vo.,
105, B,

Part III. Post-Darwinian Questions:
Isolation and Physiological Selection.
Crown 8vo., 55.

The Science of Religion, &e.

Balfour. — 7we JFouvwparions or| Lang (ANDREW)—continued.

BELIEF : being Notes Introductory to the
Study of Theology. By the Right Hon.

ARTHUR JaMES BaLFouRr. Cr. 8vo., 6s. net. |

Tue Maxivc or Rerrcron. Cr. 8vo.,
55. net.

Baring-Gould.— 7%z Oriciv avp Max Miiller (The Right Hon. F.).

DeveLorMENT oOF RELIGIOUS BELIEF.
By the Rev. 5. Barme-GouLp, 2 vols.
Crown Bvo., 35, 6d. each,

Campbell.—Rzricron iv Greex Li-
TERATURE. By the Rev. Lewis CAMPBELL,
M.A., LL.D. 8vo., 15s.

|

Davidson.— 7#Eersa, as Grounded in |
Human Nature, Historically and Critically
Handled. Being the Burnett Lectures
for 18g2 and 18g3, delivered at Aberdeen.
By W. L. Davinson, M.A., LL.D, 8vo., 15s. |

Lang (ANDREW). |
Magic anp RerLicion. 8vo., 10s. 6d. |

|
Cusrom anp Myra: Studies of |
Early Usage and Belief. With 15
[llustrations. Crown 8vo., 3s. 6d.
Myra, Rirvar, AND RELIGION. 2
vols. Crown 8vo., 7s.
Mopery Myraorocy : a Reply tn‘
Professor Max Miiller. 8vo., gs.

CHIPs FROM A GERMAN WoRKESHOP.
Wol. IV. Essays on Mythology and Folk-

lore. Crown Bvo., 58.
Tre Six Svsrems orF Jfvpiawn
FPHILOSOPHY. B8vo., 185,

CONTRIBUTIONS TO THE SCIENCE OF
Myryorocy. 2 vols. 8vo., 325,

TrE ORIGIN AND GROWTH OF RELI-
Gron, as illustrated by the Religions of
India. The Hibbert Lectures, delivered
at the Chapter House, Westminster
Abbey, in 1878, Crown 8vo., 5s.

INTRODUCTION TO THE SE'!ENC'.E oF
Kericron : Four Lectures delivered at the
Royal Institution. Crown 8vo., 5s.

Narvrar Rericioy. The Gifford
Lectures, delivered before the University
of Glasgow in 1888. Crown 8vo., 5s.

Prvsicar Rericron. The Gifford
Lectures, delivered before the University
of Glasgow in 18go. Crown Bvo., 55,



22

MESSRS. LONGMANS & C0.'S STANDARD AND GENERAL WORKS.

The Science of Religion, &e.—continued.

Max Miiller (The Right Hon. F.)—

continued.

Anxrarororocicar Rericron. The
Gifford Lectures, delivered before the Uni.
versity of Glasgow in 18g1. Cr. 8vo., 5s.

TrHEOSOPH ¥, OR PsycrHorocicar RE-

Licioy. The Gifford Lectures, delivered
before the University of Glasgow in 18gz,
Crown Bvo., 5s.

THREE LECTURES oN THE VEDANTA
Prrcosorry, delivered at the Royal
Institution in March, 18g4. Cr. 8vo., 5s.

LasT Essavs. Second Series—
Essays on
Crown 8vo., 5s.

the Science of Religion,

- Wood-Martin (W. G.).

Traces or tHE Eiper Farres or
IRELAND : a Folk-lore Sketch. A Hand-
book of Irish Pre-Christian Traditions.
With 19z Illustrations. 2 wvols. 8vo,,
305, net,

Pacan Ireravp: an Archzological
Sketch. A Handbook of Irish Pre-
Christian Antiquities. With 512 Illus-

trations. 8wvo., 155

Classical Literature, Translations, &e.

Abbott.—Herrenca. A Collection
of Essays on Greek Poetry, Philosophy,
History, and Religion. Edited by EveLy~
AssorT, M.A., LL.D. Crown Bvo., 7s. bd.

A schylus.—EuvseniDES or AEScHy-
Lus. With Metrical English Translation.
By J. F. Davies. 8vo., 7s.

' Harvard Studies in Classical
Philology. Edited by a Committee of the
Classical Instructors of Harvard University.
Vols. XI. and XII. 1900 and 1gor. 8vo,
6s. 6d. net each.

Hime.—ZLucian, THE SvrRiAN Sa-
TirIsT. By Lieut.-Col, HExry W, L. HiME,

{late) Royal Artillery. B8vo., 5s5. net.

Aristophanes. — TwE ACHARNIANS |

OF ARISTOPHANES, translated into English
Verse. By R. Y. TyrreLL. Crown 8vo., 1s.

Becker (W. A.), Translated by the
Rev. F. MeTcaLre, B.D.

GAarrvs: or, Roman Scenes in the
Time of Augustus. With Notes and Ex-
cursuses, With 26 Illustrations. Crown
8vo., 35. 6d.

CHAricLES : or, Illustrations of the

Private Life of the Ancient Greeks.
With Notes and Excursuses. With z6
Illustrations. Crown Bvo., 3s. 4.

Campbell. —REericion v GreEx Li-
TERATURE. By the Rev. LEwis CAMPRELL,

M.A., LL.D., Emeritus Professor of Greek, |

University of St. Andrews. S8vo., 155

Cicero.—Cicero's CORRESPONDENCE.
By R. Y. TyrreLL. Vols. L, IL., III., 8vo.,
each rzs. Vol. TV, 155. Vol. V., 145
Yol. V1., 125, Vol, VIIL, Index, 7s. 6d.

i * Odyssey .

| Homer. — TwE Opyssey or HoMER.
| Done into English Verse. By WiLLIAM
Morris. Crown 8vo., 6s.

Horace.— 7w Works or HorACE,
RENDERED INTo Encrisy Prose. With
Life, Introduction and Notes. By WiLLiam
Couvurts, M.A. Crown 8vo., 55. net.

Keller. — Homeric SocieEry: a
Sociological Study of the *Iliad’ and

By ALBERT GALLOWAY

KeLrLer, Ph.D. Crown 8vo,., 55 net,

Lucan.— TwE PrarsAaria oF Lucan.

Translated into Blank Verse. By 8ir
Epwarp RIDLEY. Bvo., 143,
|Lucian. — 7RANSLATIONS FROM

Lucrany. By Auvcusta M, CaMPBELL
Davinson, M.A. Edin. Crown 8vo., 55. net.



Classical Literature, Translations, &e.

Ogilvie.—Hoxae LaTiNag :
in Synonyms and Syntax. By the late |
RoeerT Ocinvie, MLA,, LL.D., H.M. Chief
Inspector of Schools for Scotland. Edited |
by ArLexanper Souter, M.A. With a |
Memoir by Josern Ociuvig, M.A,, LL.D.
8vo., 125, od. net.

——

Rich.— A4 Dicriovary or Roman Axp
GREER AnrrouiTies. By A. Rich, B.A. |
With zooo0 Woodcuts. Crown 8vo., 6s. net. |

|

Sophocles.—Translated into English
Verse. By Roserr WHiTELAwW, M.A.,
Assistant Master in Rugby School. Cr. 8vo.,
8s. bd.

Tyrrell. — Dusriy  TRANSLATIONS

INTO GREEK AND Lariv Versg., Edited
by R. Y. TyrreLL. 8vo., Gs.

Virgil. i
TaE Poems orF Vircrr. Translated l

into English Prose by Joun CowninaTON. |
Crown 8vo., Os.

MESSRS., LONGMANS & CO."S STANDARD AND GENERAL WORKS. 23

—conlinued,

Studies | "U'irgil—t:u nilinued,

TrE Axeip or Vircir. Translated
into English Verse by Joun CoNINGTON.
Crown 8vao., 6s.

Tre Anveps or Vikcrr. Done into
English Verse. By WiLLiam Morris.
Crown 8wvo., 6s.

Tue LNerp oF Vircir, freely trans-
lated into English Blank Verse. By
W. J. TuornniLL. Crown 8wo., 6s. net.

TuE ANEID oF Vireic. Translated
into English Verse by James REnoapgs,
Books 1.-VI. Crown 8vo., 5s.

Books VIL.-XII. Crown 8vo., 5s.

Tue Ecrocues AND (GEORGICS OF
VirGie. Translated into English Prose
r J. W, Mackain, Fellow of Balliol
College, Oxford. 16mo., 55.

| Wilkins.— 75 GROWTH 0OF THE

Hoaeric Porms. By G. WiLKINs. 8vo., bs,

Poetry and the Drama,

Arnold.— Twe Licuror rie Worrp: Goethe.—TwE FirsrT PART OF THE

or, The Great Consummation. By Sir
Epwin Arwonp. With 14 Illustrations
after HoLman Hunt, Crown 8vo., 55, net.

Bell (Mrs. Hugn).

Cuamper Comepies: a Collection
of Plays and Monologues for the Drawing .
Room. Crown 8vo., 55. net,

Farry Tare Pravs, avo How 10|
Acr Tuem, With g1 Diagrams and 52 |
Mustrations, Crown 8vo., 3s. net,

Roumrersricrzgiy: a Fairy Play in
Five Scenes (Characters, 7 Male; 1 Fe-
male). From ‘Fairy Tale Plays and
How to Act Them'. With Illustrations,
Diagrams and Music. Cr. 8vo., sewed, 6d. |

Bird. — Rovarp's Fagrgwerr, and |
other Verses. By Georce Bmirp, M.A,, |
Vicar of Bradwell, Derbyshire. Fcp. 8vo., |
45. 6d. net.

Dabney.— 7xe Musicar Basis oF
F’ERSE a Scientific Study of the Prin-
ciples of Poetic Composition.
Dapney. Crown 8vo., bs. 6d. net.

Keary.—7HE BROTHERS :

By J. P.  Lecky.—/FPozxs.
W. E. H. Lecky.

TraceDY oF Favust IN ENcLIsH. By
Tuos, E. Wess, LL.D., sometime Fellow
of Trinity College; Professor of Moral
Philosophy in the University of Dublin,
etc. New and Cheaper Edition, with THE
DEgirH oF FAUST, the Second Part.
Crown B8vo., 6s.

Ingelow (JEAN).

Pogricar Works. Complete in
One Volume, Crown 8vo., gilt top, 6s. net.

Lyricir anp oriHEr Poems. Selec-

ted from the Writings of JEAN INGELOW.
Fep. 8vo., 25. 6d, cloth plain, 33, cloth gilt.

a Fairy

Masque. By C.F. Keary. Cr. 3vo,, 45, net.

' Lang (ANDREW).

GrAass oF Parwxassvs. Fep. 8vo.,

25. 6d. net.

Twe Bruve Poerry Eﬂﬂﬁ' Edited
by Anprew Lana. With 100 [llustrations.
Crown 8vo., gilt edges, 6s.

By the Right Hon,
Fep. 8vo,, 55
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Poetry and the
Lﬂ:tnn (The Earl of),

REDITH).

(OWEN

Thure Wanvberer. Cr. 8vo., 105, 6d.
Lucicg. Crown 8vo., 10s. 6d,

Serecrep Poems. Cr, 8vo.,, 105, 6d.

Macaulay.—Z4vs orAxcienr Roms, |
By |

WiTH ‘IvRY® AND *THE ARMADA'.
Lord MacauLay.

Illustrated by G. ScHarF. Fep. 4to., 10s. 64.
Bijou  Edition.

18mo., 2s5. 6d. gilt top.

- Popular Edition.
Fcp. 4to., 6d. sewed, 15, cloth.

Ilustrated by J. R. WecuELIN. Crown
8vo., 3s. net.

Annotated Edition. Fep. Bvo., 1s5. sewed,
15, 6d. cloth,

MacDonald.—A4 Book or Srrire, iv
THE FORM OF THE Didry oF 4N OLp
Sout : Poems. By GeorGe MacDonALD,
LL.D. 18mo., Hs.

Moon.— Poews oF Love avp HomE.
By GeorcE WasHincron Moox, Hon,
F.R.5.L.. With Portrait. 16mo., 25. bd.

Morris (WiLL1AM).

POETICAL WOEKS —Lierary EpniTiOoN,
Complete in 11 volumes. Crown 8vo.,
price 5s5. net each.

THE EARTHLY PARADISE. 4 vols,
Crown 8vo., 55. net each.

Tug Lire avb DrearH oF Jasow,
Crown 8vo., 55. net.

THE Derence oF GUENEVERE, and
other Poems. Crown 8vo., 55. net.

THE Story or Sicurb rHE VoLSUNG,
AND THE FALL oF THE NisLuncs. Cr.
8vao., 55. net.

PoeEms By THE Way, AND LovE IS
Ewover. Crown 8vo., 55. net.

Drama—continued.
' Morris (WiLLIAM)—continued.

TwE Obpyvssey oF Homer. Done
into English Verse. Crown 8vo., 55. net.

\ Twe AZxeips or Vircir. Done
into English Verse. Crown 8vo., 5s. net.

Trhe TALE oF BEOWULF, SOMETIME
King oF THE FoLr or THE WEDERGEATS.
Translated by WiLLiam Morris and A.
J. Wyarr. Crown 8vo., 55 net.

Certain of the PoeTicar. Works may also be
had in the following Editions :—

Tee EARTHLY PARADISE.

Popular Edition. 5 vols. 12mo., 25s.;
or 5s. each, sold separately.

The same in Ten Parts, 25s5.; or 25, 6d-
each, sold separately.

Cheap Edition. in 1 vol.
6s. net.

Crown 8vo.,

Porms sy rHE Way. Square crown
8vo., bs.

*e" For Mr. William Morris's other
Works, see pp. 27, 28, 37 and 40.

Morte Arthur: an Alliterative Poem
of the Fourteenth Century, Edited from
the Thornton MS., with Introduction,
Notes and Glossary. By Mary MacLEOD
Baxks. Fcp. 8vo., 3s. bd.

| Nesbit,.—Zavs avp Lecenps. ByE.
NeseiTt (Mrs. HuperT BLrawnp). First
Series.. Crown 8vo., 35. 6d. Second Series.
With Portrait. Crown 8vo., s5s.

'Ramal.—Sowxcs oF Cairpaoop. By

WaLteEr Ramar. With a Frontispiece
| from a Drawing by Riciarp DoyLe. Fep.
Bvo., 35. 6d. net.

Riley. — Orp Fasuionep RosEs:
Poems. By James WhHiTcoms RiLEY.
12mo., gilt top, 5s.

Romanes.—A SELECTION FROM THE
PorMs oF Ggamﬁ;} OHN ROMANES, M.A.,
LL.D., FR.S. ith an Introduction by
T. HerperT WAaARREN, President of Mag-
dalen College, Oxford. Crown 8vo., 45. bd.
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Poetry and the Drama - confinued.

Savage-Armstrong.—HALLADS OF |

Dowx. By G. F. SAVAGE-ARMSTRONG,
M.A., D.Litt. Crown 8vo., 7s. 64d.
Shakespeare.

BowprLiR'S FAMILY SHAKESPEARE.
With 36 Woodcuts. 1 vol. Bvo., 145
Or in 6 vols. Fcp. Bvo., zis. |

THE SHAKESPEARE BIRTHDAY Book. |
By Mary F. DunBar. 32mo., 1s. 6d.

Stevenson.—A CHiLp's GARDEN OF
Vierses. By RoserT Louls STEVENSON,
Fep. 8vo., gilt top, 5s.

Wagner,— 75E NiBeLunvceEn RiNG.
Done into English Verse by REGINALD
Raxkin, B.A., of the Inner Temple, Barris-
ter-at-Law.

Vol. I. Rhine Gold, The Valkyrie.
Bvo., gilt top, 45. 64,

Vol. II. Siegfried, The Twilight of the
Gods. Fep. 8vo., gilt top, 4s. 6d.

Fep.

Fietion, Humour, &e.

Anstey (I.).

Voces Porurr. (Reprinted from |
*Punch ") : .
First Series. With 2o Illustrations by J.

Bernarp Partringe. Cr. Bvo., gilt
top, 3s. net.

Second Series. With 25 Illustrations by J. '
Bernarp ParTrIDGE. Cr. 8vo., gilt top, |
35. net.

Tue Man Froa Brawxrey’s, and
other Sketches, (Reprinted from ‘ Punch’.)
With 25 Illustrations by J. BERNARD
ParTrIiDGE. Cr. 8vo., gilt top, 35. net.

Bailey.— My Lapy oF ORANGE: a
Romance of the Netherlands in the Days of
Alva. By H. C. BamLevy. With 8 Illustra-
tions. Crown 8vo., bs.

!
Beaconsfield (The Earl of). I

|
Novers awvp Tarres. Complete

in 11 vols, Crown Svo., 15. 6d. each, or
in sets, 11 vols., gilt top, 155. net. i
Vivian Grey. Sybil.
The Young Duke, ete. | Henrietta Temple. .
Alroy, Ixion, etc. Venetia.
Contarini  Fleming, | Coningsby.
etc. i Lothair. I
Tancred. { Endymion.

|
Novers avp Tares. THE HucH-

enpen Epirion. With 2 Portraits and
11 Vignettes. 11 vols. Crown Bvo., 42s. |

a Tale of the
By WinsToN
Cr. Bvo., Bs.

Churchill.—Savror.a :
Revolution in Laurania.
SpExcER CHURCHILL, M.P.

Crawford.— 7w AUToBIOGRAPHY OF
A Tramp. By ]J. H. Crawrorp. With a
Photogravure Frontispiece ‘ The Vagrants,’
by Frep. WaLker, and 8 other Illustra-
tions. Crown Bvo., 55. net,

Creed.—7w& Vicar or Sr. Luke's.
By Sisyr Creep. Crown Bvo., bs.

Dougall.—Beccars Arc.
DoveaLL., Crown Bvo., 35. 0d.

By L.

Doyle (Sir A. Conan).

Mican Crarxg: A Tale of Mon-

mouth’s BRebellion. With 1o Ilustra-
tions. Cr. Bvo., 3s. 6d.

Tue Rervcees: A Tale of the
Huguenots. With 25 Illustrations. Cr.
Bvo., 35. 6d.

Twe Starxy Munvgo Lerrers. Cr.

8vo., 35. 6d.

TuE CAPTAIN OF THE POLESTAR,
and other Tales. Cr. Bvo., 35. 6d.
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Dyson.—7we Gorp-Srearers: a| Haggard (H. Ripgr).

tory of Waddy. By Ebpwarp Dysox,
Author of ‘Rhymes from the Mines,’ etc.
Crown Bvo., Bs.

Farrar (F. W., DeEan oF CANTER-

BURY).

Darxness avp Daww: or, Scenes

in the Days of Nero. An Historic Tale.
Cr. 8vo., gilt top, 6s. net.

Garuerive Croups : a Tale of the
Days of St. Chrysostom. Cr. 8vo., gilt
top, 6s. net.

Fowler (Epiru H.).

Twe Youne PrETENDERS. A Story |

of Child Life. With 12 Illustrations by
Sir PaiLip Burne-Jongs, Bart. Crown |

Bvo., Bs.

TrE Proressor’s Cuirpren. With
24 Ilustrations by EveeL KaTeE BURGESS,
Crown 8vo., bs.

Francis (M. E.).
Fianvper's Wipow. Cr. 8vo., 6s.

Yeomany Freerwoop. With Fron-
tispiece. Crown 8vo., 3s. net,

Pastorars or Dorser. With 8
Mustrations. Crown 8vo., Bs,

Froude.— Twe Two CrHigrs oF DUn-
fov: an Irish Romanceofthe Last Centu;y.
By James A. Froupe. Cr. 8vo., 35. 6d.

Gurdon.—MesmoriES AND FANCIES :
Suffolk Tales and other Stories; Fairy
Legends; Poems; Miscellanecus Articles.
By the late Lapy Caminra Gurpon., Cr.
Bvo., 55.

Arravy Quarermary. With 31
Illustrations. Crown 8vo., 35. 6d.

Arran's Wire. With 34 Illustra-

tions. Crown 8vo., 3s. 6d.

Bearrice. With Frontispiece and
Vignette. Crown 8vo., 35. 6d.

Birack Hearr axp Write HEART,
AND OTHER STorRIES. With 33 Ilustra-
tions. Crown Svo., 6s.

CreoraTra. With 2g Illustrations.
Crown 8vo., 3s. 6d.

Coroner Quarrrce, V.C. With
Frontispiece and Vignette. Cr. 8vo., 3s. 6d.

Dawwx. With 16 Illustrations. Cr.
8vo., 35 Bd.

Dr. Teryve. Crown 8vo., 3s. 6d.

Eric Bricureves. With 51 Illus-
trations. Crown Bvo., 3s5. 6d.

Hearr oF ree Worrp. With 15
Ilustrations. Crown 8vo., 3s. 6d.

Soan Hasre. With 20 Illustrations.
Crown 8vo., 35. 6d.

Lyvseerr. With 26 Illustrations.
Crown 8vo., Os.

Marwa's Revevce, Cr, 8vo., 15. 6d.
k]

Monrezomd's Davenrer. With 24
Illustrations. Crown 8vo., 3s. 6d.

Mr. MEeeson's Wrre. With 16

Illustrations. Crown 8vo., 35, 6d.

Napa ruE Liry., With 23 Illustra-
tions. Crown 8vo., 35, 64d.

S#E. With 32 Illustrations. Crown
Bvo., 35. 6d.

Swarrow : a Tale of the Great Trek.
With 8 lllustrations. Crown 8vo., 3s. 6d.

Trne Propre oF THE Mist. With
16 Illustrations. Crown 8vo., 35. 6d.

Tuwe Wirce's Heap. With 16
Illustrations. Crown 8vo., 35. bd.
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Haggard and Lang.— 7wz VorLD's
Desige. By H. RipEr Hacearp and
Axprew Laxc. With 27 lllustrations,
Crown 8vo., 35. 6d.

Harte.— /¥ rwr Carpuivez Woops.
By Bretr HarTe. Crown 8vo., 35. 6d.

Hope.—7we Hearr orF PRINCESS |

Osga. With g Illus-

trations.

Howard (Lady MasgL).
oF foHN BREWSTER.

By AxthHony HoPE.
Crown Bvo., 3s5. 6d.

Twe Unporve
Crown Bvo., 6s.

TrE Farnrvre orF Svccess,. Crown

8vo., bs.

Hutchinson.—A Friexp or NeLson.
By Horack G. HurcHinsow. Cr. 8vo., 6s.

Jerome.—SkercHES IN LAVENDER :
BLUE AND GREEN. By JErome K. JEROME,
Author of ‘ Three Men in a Boat,' etc.
Crown 8vo., 3s5. 6d.

Joyce.—Orp Crrric Romances.
Twelve of the most beautiful of the Ancient
Irish Romantic Tales.
Gaelic. By P. W. Jovce, LL.D. Crown
Bvo., 3s5. Gd.

Lang.—A Moxx or Fire; a Story
of the Days of Joan of Arc. By ANDREwW

Lang. With 13 Illustrations by SELwyN
Imace. Crown 8vo., 3s. 6d.
Lyall (Epna).

Tre Hivperers. Crown 8vo., 25.6d,

THE AUTOBIOGRAPHY OF A SLANDER.
Fep. 8vo., 15. sewed.
Presentation Edition.

tions by LANCELOT SPEED.
Bvo., 25, Ged. net.

With 2o Illustra-
Crown

THE AUTOBIOGRAPHY OF 4 TRUTH.
Fep. 3vo., 15. sewed, 15. 6d. cloth.

Doxeex. The Story of a Singer.
Crown Bvo., bs.

Wavrarive Mexy. Crown 8vo., 6s. |

Hore rae Hermir: a Romance of |

Borrowdale. Crown 8vo., bs.

Translated from the |
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| Marchmont.—Zv vue Namwe or 4

| Woaman: a Romance. By ArTtHur W.
MarcumonT. With 8 Illustrations. Crown
Bvo., bs.

Mason and Lang. — Parsonv KeLLy.
By A. E. W, Masox and AxprEw LaNnG.

Crown 8vo., 3s. 6d.

Max Miiller. — Devrscue LiEBE
(GERMaxy Love): Fragments from the
Papers of an Alien. Collected by F. Max

|  MurLer. Translated from the German by

G. A. M. Crown 8vo,, gilt top, 5s.

Melville (G. ]J. WayTE).

The Gladiators.
The Interpreter.
Good for Nothing, Dighy Grand,

The Queen’s Maries. General Bounce,

Crown 8vo., 15. 64. each.

Holmby House.
Kate Coventry.

Merriman,—Frorsam : A Story of
| the Indian Mutiny. DBy HeNrRY SeTON
MerriMan. With Frontispiece and Vig-
nette by H. G. Massev. Cr. Bvo., 35, 6d.

' Morris (WiLLiAM).

Twe Svnperive Froop. Cr. 8vo,,
5. bd.
The Warer or tHE Wownbprous

IsLes. Crown 8vo., 7s. fd,

Thwe Werr Ar roE Worern's Exp.
z vols. Bwo., 28s.

Tuwe Woon Bevownp rvie Worrp.
Crown 8vo,., Bs. net,

Twe Story oF THE (GLITTERING
Prarv, which has been also called The
Land of the Living Men, or The Acre of
the Undying. Square post 8vo., 55. net.

|

Twe Roors or rHE MoUuNTAINS,

wherein is told somewhat of the Lives of

' the Men of Burgdale, their Friends, their

| Neighbours, their Foemen, and their

Fellows-in-Arms. Written in Prose and
Verse. Square crown 8vo., 8s.
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Morris (WiLLiam)—continued.

A Tarrg orF reHe Hovuse oF THE
Worrives, and all the Kindreds of the
Mark. Written in Prose and Verse.
Square crown 8vo., 65,

A Dream oF JowN BALr, ANp 4
Kinvg's LEsson. 1zmo., 15. 6d.

News rrom Nowriere; or,

An |

Epoch of Rest. Being some Chapters
. [m"i;d an Utopian Romance. Post 8vo., |
1s. 6d.

THE STORV 0F GRETTIR THE STRONG.
Translated from the Icelandic by Emrikr
MaGrissox and WiLrLiam Morris. Cr.
8vo., 55. net.

Turer Norrwerny Love Srorigs,

AND GE:HER T4ces. Translated from the
Icelandic by Eirikr MacnUsson and
WirLiam Morris. Crown 8vo., 6s. net.

*e” For Mr. William Morris's other
Works, see pp. 24, 37 and 40.

Newman (Cardinal).

Loss avp Gaiv: The Story of a

Convert. Crown Bvo., 3s. 6d.

Carcista: A Tale of the Third

Century. Crown 8vo., 35. 6d.

Phillipps-Wolley.—S~ar: a Legend
of the Lone Mountain. By C. PHILLIPPS-
WoLLey. With 13 Illustrations. Crown
8vo., 3s. 6d.

Raymond.— Two Mex o' MEexpir.
By WaLTER Ravmorp. Crown Svo., 63,

Ridley.—Axve Mawvwarive. By
ALice RipLEy, Author of ‘' The Story of
Aline’. Crown Bvo,, 6s.

Sewell (EvizaBeTa M.).

A Glimpse of the World. | Amy Herbert.

Laneton Parsonage. Cleve Hall.
Margaret Percival. Gertrude.
Katharine Ashton. Home Life.
The Earl's Daughter, After Life.
The Experience of Life. | Ursula. Ivors.

Cr. 8vo., cloth plain, 1s5. 64. each. Cloth
extra, gilt edges, 25, 6d. each.

Sheehan. — Luvxke Decmece. By
the Rev. P. A. SuegeHanN, P.P., Author of
‘My Mew Curate’. Crown 8vo., 6s.

Somerville (E.
(MARTIN).

(E.) and Ross

Sosme EXPERIENCES OF AN [RISH
R.M. With 31 Illustrations by E. (E.
SoMERVILLE., Crown 3vo., Gs.

Tue Rear Crarrorre. Crown

Bvo., 3s. 64,

Tue Siver Fox. Cr. 8vo,, 35. 6d.

Stebbing.—Racwer Wuirrsran, and
other Stories. By W, STeepinG, author of
¢ Probable Tales'. Crown 8vo., 4s. 6d.

Stevenson (Ropert Louis).

TuE STRANGE CASE oF DR, JERVLL
AND Mg, Hype. Fep. 8vo., 1s. sewed.
15. 6d. cloth.

Twe Srrance CAasE ofF DR,
FEKYLL AND MR, HYDE; WITH OTHER
FapLes. Crown 8vo., bound in buckram,
with gilt top, 55. net.

¢ Silver Library ' Edition. Crown 8vo.,
35. bd.

More New ArAasiav Nicars—THE
Dyxamirer. By RoserT Louis STEVEN-
soN and Fanny vAN DE GRIFT STEVEN-
son. Crown Bvo., 3s. 64,

Twr Wgrkone Box. By RoBERT
Louis StevexsoN and LLoyp OSBOURNE,
Crown 8vo., 35. 6d.
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Suttner.—Zay Dowwn Yovr Arms Walford (L. B.)—continued.
(Die Wajfen Nieder): The Autobiography

of Martha von Tilling. By BERTHA vON
Surrser. Translated by T. Houmes, | ZH#E Miscuier or Monica.  Cr.

Cr. Bvo., 15. 64d. Bvo., 25, 6d.

TrhE Ove Goop Guesr. Cr. 8vo.
Swan.—Bairrast. By Myra Swan. 25 6d. » Guesr. Cr. 8vo

Crown 8vo., bs,

¢ Provewep, and other Stories.
Crown Bvo., 2s5. 6d.

Trollope (ANTHONY).

Twe Warpen. Cr. 8vo., 1s. 6d. e Marcumaker, Cr.8vo., zs. bd.

Barcuester Towkers, Cr.8vo.,15.6d.

Ward.— O~z Poox Scrurre. By
Mrs. WiLrriD Wagrp., Crown Svo., bs.

Walford (L. B.).

Crarrorre. Crown 8vo., 6s. West. — Epwunvp Furresrox; or,

The Family Evil Genius. By B. B. WesrT,

Owe or Ovrseryres. Cr. 8vo.. bs Author of * Half Hours with the Million-
B - - .’ -

aires,’ etc. Crown Bvo., Os.

Trae Inrrupers. Crown 8vo., 25, 6d,

Leppy Marcer. Crown 8vo., 2s. 6d. | Weyman (STaNLEY).
1
Iva Kirpare: a Matrimonial Pro-| T#E E{Jp‘sﬁ OF THE Worr. With
blem. Crown 8vo., 25. 6d. ' Frontispiece and Vignette. Crown 8vo.,
35. Bd.

Mr, Swmire: a Part of his Life. _
Crown 8vo., 2s. 6d. | A GexriEmAny oF Franvce. With
Frontispiece and Vignette. Cr. 8vo., 6s.

Tue Basy's Grawpmorser. Cr. 1
8vo., 2s. bd. . Twe Rep Cockape. With Frontis-

piece and Vignette. Crown 8vo., 6s.
Covsins. Crown Bvo., 25. 6d.
Surewssvry. With 24 Illustra-

TrRoUvBLESOME DAvcHTERS. Cr. | tions by Crauvpe A. SHEPPERSON. Cr.
8vo., 25, O4. 8vao,, Bs.

5
LAULIVE. - Crown Bvo., 25. 6d. Sormra. With Frontispiece. Crown

3 &vo,, 6s,
Dick Neraeray. Cr, 8vo., 2s. 6d,
Tuwe Hisrory orF a4 Werex. Cr.
8vo. 2s. 6d. Yeats (5. LEVETT-).

A Srirr-NEcKED GENERATION. Cr.

- T h . 2 L]
RKin. 25 & Tiwe Crerarier Y Avrgrac. Crown

8vo., 3s. 6d.

Naw, and other Stories. Cr. 8vo.,
2s. bd. Twe TratrorR's Way. Cr. 8vo., 6s.
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Popular Science (Natural History, &c.).

Butler.—Ouvr Houvseworp INSEcTs.
An Account of the Insect-Pests found in
Dwelling-Houses. By Epwarp A. BUTLER,
B.A., B.Sc. (Lond.). With 113 Illustra-
tions. Crown 8vo., 3s. 6d. ,

Furneaux (W.).

Tuwe Ovrpoor Wortp; or The
Young Collector’s Handbook. With 18
Plates (16 of which are coloured), and 549
Illustrations in the Text. Crown 8vo.,
gilt edges, 6s. net.

BurrerFLiEs Axnp Morus (British). |
With 12 coloured Plates and 241 Illus-
trations in the Text. Crown 8vo., gilt
edges, 6s. net,

Lire v PonNDs AND STREAMS.
With 8 coloured Plates and 331 Illustra- |
tions in the Text. Crown 8vo., gilt
edges, bs. net.

Hartwig (GEORGE).

Tre SEa AND 115 Livine WoNDERS. |
With 12 Plates and 303 Woodcuts. Svo.,
gilt top, 7s. net.

With 8
8vo., gilt

TuE Trorpicar WoreLp.
Plates and 172 Woodcuts.
top, 75. net.

Twe Porar Worrp. With 3 Maps,
8 Plates and 85 Woodcuts, 8vo., gilt
top, 7s. net.

THE SuBrERRANEAN Worip. With
3 Maps and 8o Woodcuts. 8vo., gilt |
top, 75. net. ’

Helmholtz.—FPorvrar LEcTURES ON
Screntiric SuB/BcTs. By HERMANN VON
HeLmuaoLTZ. With 68 Woodcuts., 2 vols.
Cr. 8vo., 35. 6d. each.

MESSRES, LONGMANS & CO.S STANDARD AND GENERAL WORKS.

Hudson (W. H.).

BIrRbs anp Maw.
8vo., bs. net,

Large crown

Narvre v Dowweavp. With 12
Plates and 14 Illustrations in the Text by
A. D. McCorMick, 8vo., 10s. 64, net.

Bririse Breps. With a Chapter
on Structure and Classification by Frank
E. Bepparp, F.R.S. With 16 Plates (8
of which are Coloured), and over 100 Illus-
trations in the Text. Crown 8vo., gilt
edges, 6s. net.

Birps iv Lovpon. With 17 Plates
and 15 Illustrations in the Text, by Bryan
Hooxk, A. D. McCorMmick, and from
Photographs from Nature, by R. B.
LonGe. Bvo., 125,

Millais.—7#E Narvrar HisTory oF
THE Brrvisy Strrdce Frepive-Diucks.
By Joux GuiLLe MiLLais, F.Z.5., etc.
With 6 Photogravures and 66 Plates (41 in
Colours) from Drawings by the Author,
ArcHiBaLD THorpury, and from Photo-
graphs. Royal 4to., £6 6s.

Proctor (RicHarD A.).

Licar Science ror LEisurRE HoUrs.
Familiar Essays on Scientific Subjects.
Crown 8vo., 3s5. 6d.

Rovew Wavs mape Swoors. Fami-
liar Essays on Scientific Subjects. Crown
8vo., 3s. bd.

PrEAsANT WavsinvScrevce. Crown
8vo., 35. bd.

Narvre Srvpres. By R. A. Proc.
ToR, GRANT ALLEN, A, Wison, T.
FosTer and E. Cropp. Cr. 8vo., 3s. 64d.

Leisure Reapives. By R. A, Proc-
tor, E. CLopp, A. WiLsox, T. FosTeEr
and A. C. Raxvarp. Cr. 8vo., 3s. 6d.

* For Mr. Proctor's other books see pp. 17
and 35, and Messrs. Longmans & Co s Cata-
logue of Scientific Works.
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Popular Science (Natural History, &e.)—continued.

Stanley.—A Famiriaz HisTory OF |
Bmps, By E. StanpLey, D.D., fﬂrmeﬂ}r
Bishop of Norwich, With '160 Illustrations. |
Cr. 8vo., 3s. 6d.

Wood (Rev. ]. G.).

Hoses wiriovr Havos: A Descrip-
tion of the Habitations of Animals, classed
according to their Principle of Construc-
tion. With 140 Illustrations. 8vo., gilt
top, 75. net.

Insgcrs ar Home : A Popular Ac-
count of British Insects, their Structure, |
Habits and Transformations. With 700
[llustrations. 8vo., gilt top, 75. net.

Works of

Gwilt.—Ax Excycrorspia oF Ax-
CHITECTURE. By Josern GwiLt, F.S.A, |
With 1700 Engravings. Revised (1B88),
with Alterations and Considerable Addi- |

|
i
net. !

tions by Wyart ParworTH. 8vo., 215
|
Maunder (SaMuEL). |
Brocraruicar Treasvry. With

Supplement brought down to 188g. By
Rev. James Woon. Fep. 8vo., 6s. |
|
|
TreASURY OF GEocRAPHY, Physical, |
Historical, Descriptive, and Political.
With 7 Maps and 16 Plates. Fcp. 8vo.,

.

The TreEASURY orF Bisre Knyow-
LEDGE. By the Rev. |. Avyrg, M.A. With
5 Maps, 15 Plates, and 300 Woodcuts.
Fcp. 8vo., 63,

TREASURY OF KNoOWLEDGE anD Lig-|
Rary oF REFERENncE. Fcp. Bvo., 6s.

Wood (Rev. . G.)—continued.

OQuvr or Doors; a Selection of
Original Articles on Practical Natural

History. With 11 Illustrations. Cr. 8vo.,
35. 6d.
Perranp Kevisrrep, With 33

Illustrations, Cr. 8vo., 35. 6d.

SrrAaNGE DwerLrivecs: a Description
of the Habitations of Animals, abridged
from * Homes without Hands'. With 6o
[llustrations. Cr. 8vo., 3. 6d.

Reference.

Maunder (SamuEL)—continued.

HistoricAl TREASURY.
fs.

Fcp. 8vo.,,

THE TREASURY oF Borany. Edited
by J. LinpLey, F.R.S,, and T. Moore,
F.L.5. With 274 Woodcuts and 2o Steel
Plates. 2 vols. Fep. 8vo., 125

Roget. — Trwesavrvs oF ENGLisH
HGRD.S' AND PHrasgs. Classified and Ar-
ranged so as to Facilitate the Expression of
Ideas and assist in Literary Composition.
By PereEr Marxk Rocer, M.D., F.R.S,
Recomposed throughout, enlarged and im-
proved, partly from the Author's Notes, and
with a full Index, by the Author's Son,
Jonx LEewis RogeT. Crown 8vo., gs. net,

Willich.--Porvrar TasLes for giving
information for ascertaining the walue of
Lifehold, Leasehold, and Church Property,
the Public Funds, etc. By ChHarLEs M.
WirLicH. Edited by H. BeEnceE Joxes.
Crown 8vo., 10s5. 6d.
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Children’s Books.

Adelborg.—Crean PETER AND THE

CuiLprEN oF GRUBBYLEA. By OTTILIA
Translated from the Swedish
WaLLas, With 23
Oblong  4to., boards,

ADELBORG.
by Mrs. GrasHAM
Coloured Plates,
35. Bd. net,

Brown.—75E Bookx oF SAiNTS AND
Frienpry Beasts. By ApBIE FARWELL |
Browx., With 8 Illustrations by Fanxy Y,
Corv. Crown 8vo., 45. 6d. net.

Buckland.—7wo LrrrreRuvaways. |
Adapted from the French of Louis Dgsai
¥ovERs. By James Buckranp. With 110 |
Illustrations by Ceci. Arpin. Cr. 8vo., 6s. |

Crake (Rev. A. D.).

Epwy rwe Farr; or, The First
Chronicle of Escendune. Cr. 8vo., silver
top, 25. net,

Arrcar e Dane ; or, The Second |

Chronicle of FEscendune. Cr. 8vo., silver |
top, 25. net.

ThE Rivar Hemrs : being the Third |

and Last Chronicle of Mscendune. Cr. |
8vo., silver top, 25. net.
TwEe Hovse or Warpernve., A Tale

of the Cloister and the Forest in the Days |

of the Barons’ Wars. Crown 8vo., silver

top, 25. net. |
|

Brian Frrz-Counr. A Story of |
Wallingford Castle and Dorchester
Abbey. Cr. 8vo., silver top, 25. net,

Henty (G. A.).—EpIrtep sy.

Viore Locs: A Story-Book for Boys. |
By Various AvrHors. With 61 Illus-
trations. Crown 8vo., gilt edges, 3s. net.

Yvre Tipe Yarws: a Story-Book |
for Boys. By Various AutHors. With |
45 Nlustrations. Cr. 8vo., gilt edges, 3s.
net.

Lang (ANDREW).—EDITED BY.

Twe Viorer Fairy Boox. With 8
Coloured Plates and 54 other Illustrations.
Crown 8vo., gilt edges, 6s.

Twe Brue Farry Boox, With 138

Illustrations. Crown 8vo., gilt edges, 6s.

Twe Rep Famry Boox., With 100
Illustrations. Crown 8vo., gilt edges, 6s.

Twe Greey Farry Boox. With gg

Illustrations. Crown 8vo., gilt edges, Bs.

Twe Grev Fairy Boox. With 65
Illustrations. Crown Bvo., gilt edges, 6s.

Tre Yerrow Farry Boox. With
to4 Illustrations. Cr. 8vo., gilt edges, 6s.

Twe Pive Fairy Boox. With 67

Ilustrations. Crown 8vo., gilt edges, 6s.

Twe Brue Poerry Boox, With 100
Illustrations. Crown 8vo., gilt edges, 6s.

Twe True Srory Boox. With 66

Tllustrations. Crown 8vo., gilt edges, Os.

Twe Rep Truk Srory Boox. With
roo Illustrations. Cr. 8vo., gilt edges, 6s.
Twe Awxisar Srory Boox. With

67 Illustrations. Cr. 8vo., gilt edges, 6s.

TuE Rep Book oF ANIMAL STORIES.
With 65 Illustrations. Crown 8vo., gilt
edges, 6s.

Toe ArRABIAN NIGHTS ENTERTAIN-
amENTS. With 66 Illustrations. Cr. 8vo.,
gilt edges, 6s.

Meade (L. T.).

Dappy's Boy. With 8 Illustrations.
Crown 8vo., gilt edges, 35. net.

DEep anp rE Ducwess. With 7
Ilustrations. Cr. 8vo., gilt edges, 3s. net.

Twe Beresrorp Prize. With 7
Illustrations. Cr. 8vo., gilt edges, 3s. net,

Twre Hovse or Surprises. With 6
Illustrations. Cr. Bvo., gilt edges, 3s. net.



MESSRS. LONGMANS & CO.S STANDARD AND GENERAL WORKS., 33

Children’s Books—continued,

Murray. — Frowsr LEGENDS FOR | Upton (FLorENCE K. axp BERTHA).
Curtpren. By HiLpa Murray (the Hon. |

Mrs. Murray of Elibank). Pictured by ]. - Ao} S p. s
5. ELaxp. With numerous Coloured and Tue Apvextures oF Two Durce

other Illustrations. Oblong 4to., 6s. DOLLS AND 4 ‘ GoLLrwoce'. With 31
Coloured Plates and numerous Illustra-

ti in th ; ., Bs.
Praeger (Rosamonn), ions in the Text. Oblong 4to., 6s

Tue AbpvenNrurgs oF tHE THREE| Tur Gorriwoce's Breverr Crus.
BoLD BABES: HE"“E** ﬁm"ﬂﬁ-’-" AND With 31 Coloured Plates and numerous
Arrsanner. A Story in Fii:tm‘ts: Wl_th [Nustrations in the Text. Oblong 4to., 6s.
24 Coloured Plates and 24 Outline Pic-
tures. Oblong 4to., 3s. 6d.

Fore Mreotiee D i ts L) THE GOLLIWOGG AT THE SEASIDE.
SO IR LISAR DCINGN OE TS LR With 31 Coloured Plates and numerous

Borp Bagrs. With 24 Coloured Pictures Illustrations in th Obl t
and 24 Outline Pictures, Oblong 4to0.,35.6d. Dbt b et RREAto:, Ce.

Roberts. — Zwe Apvrewxruvres or| LHE Gorriwoce iv War, With 31
Carrain Foun Ssmirs : Captain of Two Coloured Plates. Oblong 4to., 6s.
Hundred and Fifty Horse, and sometime

President of Virginia. By E. P. RoserTs. THE GOLLIWOGES Porir Apvew-

With 17 Illustrations and 3 Maps. Crown {2 ; ; j i

8vo., 5. net. [Nearly ready. Iﬁa?,f{g,f:;h 31 Coloured Plates. Ohb-
Stevenson.—A4 CwiLn's GARDEN oF ' UL AT :

Verses. By RoserT Louls STEVENSON, T'HE (;o.r,:r,mrm,{, 5 AUTO-GO-CART.

Fep. 8vo., gilt top, 5s. With 31 Coloured Plates and numerous

Illustrations in the Text. Oblong 4to., 6s.

Tappan.—O:p Barraps v Prosk. ;
By Eva Marcu Tappan. With 4 Illus- Tue Vece-MeN's Revevce. With
trations by Fanny Y. Cory. Crown 8vo., 31 Coloured Plates and numerous Illus-
gilt top, 45. 64, net. trations in the Text. Oblong sto., 6s,

The Silver Library.

Crows Bvo. 3s5. 6d. EaAcH VOLUME,

Arnold's (8ir Edwin) Saas and Lands. With Becker's (W. A.) Charicles: or, Illustrations of

71 Illustrations. 3s. 6d. the Private Life of the Ancient Greeks.
1 With 26 [llustrations. 3s. 64,
Bagehot's (W.) Blographical Studles. 3:. 64. | penps (4, 7.) The Ruined Cities of Mashona-
Bagehot's (W.) Economic S8tudies, 3 64, land. 'With 117 Illustrations.  3s. 6d.
Brassey’s (Lady) A Voyage in the *Sunbeam *,
Bagehot's (W) Literary Studies. With Portrait, | With 66 Illustrations. 35, 6d.
3 vols., 3s. 6d. each. Buckle's (H. T.) History of Civilisation in
d, Fra i 3
Baker's (Sir 8, W.) Eight Years in Ceylon. f;f“,m‘ M:lu Simli;andBesmng. 3
With 6 Illustrations. 3. 64, | Churchill's (W, Spencer) The Story of the
Baker's (8ir 8. W.) Rifle and Hound in Ceylon, ~ Malakand Fleld Force, 1897. With 6 Maps
With 6 Illustrations. 3s. 6d. and Plans.  3s. 64.
Cledd's (E.) Story of Creatlon: a Plain Account
Baring-Gould's (Rev. 8.) Curlous Myths of the of Evolution. With 77 Illustrations, 35, 64.
Middle Ages. 35 64, ~ Conybeare (Rev. W. J.) and Howson's (Very
Baring-Gould's (Rev. 8.) Origin and Develop- | %;;h':;s?ﬁu;fgi:;: E;";:E‘ of Bt Paal.

ment of Religious Belief. z2vols, 3r 64.each. | Dougall’s (L.) B s All: a Novel. 31, 6d.

Becker’s (W. A.) Gallus : or, Roman Scenesin the Doyle's (8ir A. Conan) Micah Clarke. A Tale of
Time of Augustus. With 26 Illus. 35 64. Monmoutn's Rebellion, With re Hlusts. 3+.64.
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Doyle's (Sir A. Conan) The Captain of the
Polestar, and other Tales., 35, 64d.

Doyle's (Sir A. Conan) The Refugees: A Tale of
the Huguenots, With 25 Illustrations. 3s6d.

Doyln’nfi,’ﬁir A. Conan) The Stark Munro Letters,
34 64,

Froude's (J. A.) Tha History of England, from
the Fall of Wolsey to the Defeat of the
Spanish Armada. 12 vols. 35, 64, each.

Froude's (J. A.) The English in Ireland. 3vols,
104, Gd,

Froude's (J. A.) The Divorce of Catherine uf!
Aragon. 35 64,

Froude's (J. A.) The Spanish Btory of the
Armada, and other Fszays, 35 64, [

Froude's (J.A.) English S8eamen in the Sixteenth
Century. 3+ 6d.

Froude's (J. A.) Short Studies on CGreat Sub-
Jects, 4 vols. 35 64, each.

Froude's (J. A.) Oceana, or England and Her
Colonies. With g Illustrations. 35 64,

Froude's (J. A.) The Council of Trent. 34 6d. |

Froude's (J. A.) The Life and Leiters of
Erasmus., 35 6,

Froude's (J. A.) Thomas Carlyle: a History of
his Life.

1795-1835. 2 vols, 7s,
Froude's (J. A.) Cmear: a Sketch.

1834-1881. 2 vals. 75
35, 6.

Froude's (J. A,) The Two Chiefs of Dunboy : an |
Irish Romance of the Last Century. 3%, 6d. |

Froude's (J. A.) Writings, Selections from.
3. Gt

|
Gleig’s (Rev. G. R.) Life of the Duke n:[
Wellington. With Portrait. 35 64d.

Greville’s (C. C. F.) Journal of the Reigns of
King George IV. King Wllliam IV., and
Queen Vietorin. 8§ vols., 54 &4, each.

Haggard's (H. R.) 8he : A History of Adventure,
With 32 [llustrations. 3+ 6.

Haggard's (H. B.) Allan Quatermain. With

2o lllustrations. zs. 64

Haggard’'s (H. R.) Colonel Quaritch, V.(.: a
Tale of Country Life. With Frontispiece
and Vignette, 35 b4,

Haggard's (H. R.) Cleopatra. With 2g [llustra-
tions. 3r 64,

Haggard's (H. R.) Eric Brighteyes.

With gz
Mustrations. 3+,

Haggard’s (H. R.) Beatrice. With Frontispiece
and Vignette, 31 64,

Haggard's (H. R.) Allan's Wife. With 34 Illus-
trations. 35, 64,

Haggard (H. R.) Heart of the World. With

rg Illusirations. 35 64

Haggard’s (H. R.) Montezuma’'s Daughter. With
25 [llustrations.  gs. 64.

Haggard's (H. B.) Swallow : a Tale of the Great

Trek. With & lllustrations, 3s. 6d.
Haggard's (H. R.) The Witch’s Head. With
16 llustrations. 3¢ 6d.
's (H. R.) HMr. Meeson's Will. With
16 Illustrations. 35 6d.
Haggard’s (H. R.) Nada the Lily. With a3

[llustraticns. 3. 64,
Haggard's (H. R.) Dawn. With 16 [lluses. 30 A4,

Haggard's (H. E.) The People of the Mist. With
16 Illustrations. 35 &d.

Haggard's (H. B.) Joan Haste. With 2o [llus-,

trations. 3+ 64

Haggard (H. R.) and Lang's (A.) The World's
Desire. With 27 Illustrations. 3s. 64

Harte's (Bret) In the Carquinez Woods and
other Stories. 3: 64,

Helmheliz's (Hermann von) Popular Lactures
on Scientific Bubjeets, With 68 lllustrations.
2 vols, 35 64. each.

Hope's (Anthony) The Heart of Princess Osra.
With g Illustrations. 3s &7

Howitt's (W.) Yisits to Hemarkable Places.
With Bo lllustrations. 35 64.

Jefferies’ (R.) The Story of My Heart: My
Autobiography. With Portrait. 35, 64.

Jefferies’ (R.) Fleld and Hedgerow. With
Portrait. 3r. 64,

Jaflaries' (R.) Red Deer. With 17 Illusts. 35 64,

Jefferles’ (R.) Wood Magle: a Fable. With
Frontispiece and Vignette by E. V. B. 3+ 64.
Jefferies (R.) The Toilers of tha Field. With

Portrait from the Bust in Salisbury Cathedral.
5. Bd.

Haye (Bir J.) and Malleson's (Colonal) History
of the Indian Mutlny of 1857-8. & wals,
35 6. each.

Knight's (E. F.) The Orulse of the *Alerte:
the Narrative of a Search for Treasure on
the Desert Island of Trinidad. With =z
Maps and 23 Illustrations. 3s. 64.
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Knight's (E. F.) Where Three Empires Meat: a
Narrative of Recent Travel in Kashmir,
Western Tibet, Baltistan, Gilgit. With a Map
and gq Illustrations. 35 64

Knight's (E. F.) The ‘Falcon ' on the Baltic: a
Coasting Vovage from Hammersmith to
Copenhagen in a Three-Ton Yacht. With
Map and 11 Illustrations. 35 64,

With 62 [llustra- |
35, 6.

Hostlin's (J.] Life of Luthar.
tions and 4 Facsimiles of M55,

Lang's (A.) Angling Bkatches. With 2o [llustra.

tions. 34 &6

Lang's (A.) Custom and Myth : Studies of Early
Usapge and Beliel, 3¢ 4.

Lang's{A.)Cock Laneand Common-Bense, 25. Hd.

Lang's (A.) The Book of Dreams and Ghosts,
ar. &

Lang's (A.) A Monk of Fifa: a Story of th&
Days of Joan of Arc. With 13 Illustrations. |
31 Bd. |

Lang's(A.) Myth, Ritual, and Religion, 2 vols. 75 i

Lees (J. A.) and Clutterbuck’s (W. J.) B.C.
1887, A Ramble in British Columbia. With
Maps and 75 [lustrations. 34, 64

Levett-Veats' (8.) The Chevalier D'Auriac.

34, 6.

Macaulay's (Lord) Complete Works, ' Albany " |
Edition. With 12 Portraits. 1z vols. 35 6a.
each,

Macaulay's (Lord) Essays and Lays of Anclent |
Roma, etc.  With Portrait and 4 Iustrations
to the ‘Lays’. 35 64

Macleod's (H. D.) Elements of Banking. 3s5. 6.

Marshman's (J. C.) Memelirs of Bir Henry
Havelock. 3+ &4,

Mason (A. E. W.) and Lang's (A.) Parson Helly.
35 Od.

Merivale's (Dean) Hlstory of the Romans
under the Emplre. 8 vols, 35 &4, each.

Merriman’s (H. 8.) Flotsam: A Tale of the

Indian Mutiny. 34 6d
Mill*s (J. 8.) Political Economy.
Mill's (J. B.) Bystem of Loglc.

3f. 6d.
35, 6.

the Chroni-
3s. bd.

Nansen's (F.) Tha First Crossing of Greenland.
With 142 lllustrations and a Map. 35 64

Milner's (Geo.) Country Pleasures :
cle of a Year chiefly in a Garden.

Phillipps-Wolley's {C.) Bnap: a Legend of the
Lone Mountain  Withr3 Illustrations. 3. 64,

Proctor's (R, A.) The Orbs Around Us. 35 64,
Proctor's (R. A.) The Expanse of Heaven. 3i. 64,

Procior's (R, A.) Light Sclence for Leisure
Houre. First Series. 31, 64,

Proctor's (R. A.) The Moon. 35 G4
Proctor’s (R. A.) Other Worlds than Ours. 3464,

Proctor's (K. A.) Our Place among Infinities :
a Series of Essays contrasting our Little
Abode in Space and Time with the Infinities
around ns. 35 64l

Proctor's (R. A.) Other S8uns than Qurs. 3: &4,

Proctor's (R. A.) Rough Ways made Bmooth.
35, Bd.

Proctor's(R.A.)PleasantWays in SBcianca. 3564,

Proctor's (R. A.) Myths and Marvels of As-
tronomy. 35 64,
Proctor's (R. A.) Nature SBtodies. 35 64,

Proctor's (R. A.) Leisure Readings, By R. A

Procror, Ebpwarp CLODD, ANDREW
WiLson, THoMAsS FosTER, and A, C.
Ramyvarn, With [Hustrations. 35 64,

Rossettl's (Maria F.) A Shadow of Dante. 3s5. 6.

8mith's(R. Bosworth) Carthage and the Cartha.
ginians. With Maps, Plans, etc. 35 &4,

Btanley's (Bishop) Familiar History of Birds.
With 160 Illustrations. 35 64,

Stephen’s
Rlps).

L.] The Playground of Europe (The
ith 4 Illustrations. 35 6.

Stevenson’s (R. L.) The Strange Case of Dr,
Jekyll and Mr. Hyde; with other Fables. 3464,

Btevenson (R. L.) and Osbourne's (LL.) The
Wreng Box. 3. 64,

Stevenson |(Robert Louis) and Stevenson's
(Fanny van de Grift) More New Arablan
Rights.—The Dynamiter. 35 Gd.

Trevelyan's (Bir G. 0.) The Early History of
Charles James Fox. 737 6o,

Weyman's (Stanlay J.) The Housze of the

Woif: a Romance., 375 6d.

Wood's (Hev. J. §.) Petland Revisited. With
33 llustrations  3s. G4

Wood's (Rew. J. G.) Strange Dwellings. With
6o Tllustrations. 35, 6.

Wood's (Rew. J. G.,) Out of Doors. With 11

IMlustrations. 35, 64
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Acton. — Moperny Cooxery. By |
Eviza Acton. With 150 Woodcuts. Fep. |
8vo., 4s. 6d. |

in.—SimprLe Hinrs ov CHoOICE
aoF Foop, with Tested and Economical
Recipes. For Schools, Homes, and Classes |
for Technical Instruction, By M. C. Ancawixs, |
Diplomate (First Class) of the National
Union for the Technical Training of Women,
ete. Crown 8vo., 11,

Ashby.—Hearre v rHE NURSERY.
By Hexry Asusy, M.D., F.R.C.P., Physi-
cian to the Manchester Children’s Hospital.
With 25 [llustrations. Crown 8vo., 3s. net.

Bull (Tromas, M.D.).

Hinrs ro MorHeERS o THE Man-
AGEMENT OF THEIR HEALTH DURING THE
PERIOD oF PrREGNANCY. Fep. 8vo., sewed,
3. 6d. ; cloth, gilt edges, 2s. net.

THE MATERNAL MANJGEHENT ﬂFl
CHILDREN IN HEALTH AND [)SEASE. |
Fep. 8vo., sewed, 15, 6d.; cloth, gilli
edges, 25. net. -

De Salis (Mrs.). |

La Mope Cooxery: Up-to-|

date Recipes. With 24 Plates (16 in
Colour). Crown 8vo., 55. net.

CaAxES AND (CONFECTIONS A LA
Mopg. Fep. 8vo., 1s. bd.

Docs: A Manual for Amateurs.
Fep. 8vo., 1s. 6d.

DrESSED GAME AND POULTRY A LA
Mope. Fcp. 8vo., 15, 6d.

DrussEp VEGETABLES A 14 MobE.,
Fep. 8vo., 15 6d.

Drivgs A La Mopkg. Fep.8vo.,15.6d. |
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De Salis (Mrs.)—continued.

Enxrrfes 4 ta Mopg. Fcep. 8vo,
15, 6d.

Frorar Decorarions. Fep. Bvo,,
15. Bd.

GARDENING A LA Mopg. Fep. 8vo.

Part [., Vegetables, 1s. 6d. Part I,
Fruits, 1s. 64.

Nariovar Vianps A La Mope. Fep.
Bvo., 1s. 6d.

New-rarp Eccs. Fcep. 8vo., 15. 6d.

Ovsrers 4 t4 Mope. Fcp. 8Bvo.,

5. B,

PuppiNGs AND PASTRY A 1.4 MoDE.
Fep. 8vo., 15. 6d.

SAvouriEs A LA MoDE.
15. 64,

Sovrs Anvp DressEp Fisw A La
Mopg. Fcp. Svo., 15. bd.

Sweers anp Sverer Disggs 4 rA
Mope. Fcp. 8Bvo., 1s. 6d.

Temprine DisueEs FOrR Syarr In-
comes. Fep. 8vo., 15. 6d.

WrinkLEs Anxp NorronNs ForR
Every HovsenoLd. Crown 8vo., 1s. 6d.

Lear.—Maicre Cooxery. By H. L.

SipNey LEAR. 16mo., 25,

Fep. 8vo.,

Poole.—Cooxery For THE DIABETIC.
By W. H. and Mrs. PooLe. With Preface
by Dr. Pavy. Fcp. 8vo., 2s. 64d.

Rotheram. — Hovseworp CooxERY
Recires. By M. A. RotHeErAM, First Class
Diplomée, National Training School of
Cookery, London; Instructress to the Bed-
fordshire County Council. Crown 8vo., 2s.

The Fine Arts and Musie.

Burns and Colenso.—Z/ve Ava-|
Tomy. By Cecu. L. Burxs, R.B.A., and
RoserT J. CoLENso, M.A., M.D. 4o Plates,
11} by 8§ ins., each Plate containing Two
Figures—(a) A Natural Male or Female
Figure; (b) The same Figure Anatomatised.
In a Portfolio, 75. 6d. net.

Hamlin.—A4 Texr-Book OF THE .
Hisrory oF ArRcHiTEcTURE. By A. D. F.
Hamiin, A.M. With 22g [Illustrations. |

Crown 8vo., 7s. bd.

Haweis (Rev. H. R.).

Music avp Morars. With Portrait
of the Author, and numerous Illustrations,
Facsimiles, and Diagrams. Cr. 8vo.,6s.net.

My Musicar Lire. With Portrait

of Richard Wagner and 3 Illustrations.
Crown 8vo., 6s. net,
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Huish, Head, and Longman.—
SAMPLERS AND TAPESTRY EMBROIDERIES.
By Marcus B. Huisu, LL.B,; also ‘ The
Stitchery of the Same,” by Mrs. Heap;
and ‘ Foreign Samplers,” by Mrs. C. J.
Lonwaman. With 30 Reproductions in
Colour, and 40 [llustrations in Mono- |
chrome. 4to., £2 2s. net,

Hullah.— 7wz History or MoDERN
Musrc. By Jonx HurnLan., 8vo., 8s. G6d. |

Jameson (Mrs. Anna),

SACRED AND LEGENDARY ART, con-
taining Legends of the Angels and Arch-
angels, the Evangelists, the Apostles, the
Doctors of the Church, 5t. Mary Mag-
dalene, the Patron Saints, the Martyrs,
the Early Bishops, the Hermits, and the
Warrior-Saints of Christendom, as repre-
sented in the Fine Arts, With 19 Etchings
and 187 Woodcuts. 2 vols. 8vo., 205 net.

Lecenns oF THE Moxasric ORDERS,
as represented in the Fine Arts, com-
prising the Benedictines and Augustines,
and Orders derived from their Rules, the
Mendicant Orders, the Jesuits, and the
Order of the Visitation of St. Mary. With
11 Etchings and 88 Woodecuts. 1 vol
8vo., 108, net,

Lecenps orF tHE Mabonn4, OR
BressEp ViRGINMagy. Devotional with
and without the Infant Jesus, Historical
from the Annunciation to the Assumption,
as represented in Sacred and Legendary
Christian Art. With 27 Etchings and
165 Woodeuts. 1 vol. Bvo., 10s5. net.

Twe History or Ovk LoRrp, as ex-
emplified in Works of Art, with that of
His Types, St. John the Baptist, and
other persons of the Old and New Testa-
ment. Commenced by the late Mrs.
Jameson; continued and completed by
Lapy Eastrake. With 31 Etchings
and 281 Woodcuts. 2 vols. 8vo., zos. net.

Kristeller, — Avprea Manvrecya.
By PavL KristeLLEr. English Edition by
5. ARTHUR STroNG, M.A., Librarian to the
House of Lords, and at Chatsworth. With
26 Photogravure Plates and 162 Illustrations .
in the Text. 4to., gilt top, £3 10s. net.

Macfarren, — Lecrures ox Har-
Mony. By Sir GEORGE A, MACFARREN.

Bvo., 125.

Morris (WiLrLiam),

Hores avp Frars ror Arv. Five
Lectures delivered in Birmingham, Lon-
don, etc., in 1878-1881. Cr 8vo., 4s. 6d.

Ax ADDRESS DELIVERED AT THE
DisTRIBUTION OF PRIZES TO STUDENTS
OF THE BrRMINGHAM MUNICIPAL SCHOOL
OF ART ON 215T FEBRUARY, 1804, 8vo.,
2s5. 0d. net. (Printed in * Golden® Type.)

Arr anxp THE BEavry or THE
Earry: a Lecture delivered at Burslem
Town Hall, on October 13, 1881. Bvo,,
25. 6d. net. (Prinfed in *Golden’ Type.)

Some Hinrs o Parrernv-Desicy-
ING : a Lecture delivered at the Working
Men’s College, London, on 1oth Decem-
ber, 1881. 8vo., 25. 6d. net. (Printed in
‘Goiden® Type.)

Arrs avp irs Propucers (1888)
AND THE ARTS AND CRAFTS OF TO-Day
(1880). 8vo., 2s. Gd. net. (Printed in
‘Golden’ Type.)

ARCHITECTURE AND HISTORY, AND
WEesraminsTEr ABBey. Two Papers
read before the Society for the Protection
of Ancient Buildings. 8vo., 25. 6d. net.
(Printed in * Golden' Type.)

ArTs anD CrRarrs Essavs. By
Members of the Arts and Crafts Exhibition
Society, With a Preface by WiLLiaM
Morris. Crown 8vo., 25, 6d. net.

*e' For Mr. William Morris’s other
Works, see pp. 24, 27, 28 and q4o.

Van Dyke.—A Texr-Book on THE
Hisrory oF Painrive. By Joun C. Vaw
Dyke. With 110 Illustrations. Cr. 8vo., 6.

Willard. — Hisrory or Mobery
Irariay Arr. By Asuron RoLLins
WiLLarp. With Photogravure Frontis-
piece and 23 Full-page [llustns. 8vo.,18s.net.

Wellington.—A Descriprive anp
Hisroricatl CATALOGUE oF THE CoLLEC-
TIONS OF PICTURES AND SCULPTURE AT
ApsLey House, LovooN. By EveLyn,
Duchess of Wellington. Illustrated by 52
Photo-Engravings, specially executed by
Brauwn, CLEMENT, & Co., of Paris. 2 vols.,
royal 4to., £6 6s. net.
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Miscellaneous and Critical Works.

Annals of Mathematics (under the

Auspices of Harvard University). Issued
Quarterly. 4to., 2s. net each number.

Bagehot.— Lirerary Sruries. By
ALTER BaceHoT. With Portrait. 3 vols.
Crown 8vo., 3s. 6d. each.

Baker. — Epvcarion anxp LirFg:
Papers and Addresses. By James H.
Barkier, M.A., LL.D. Crown Bvo., 4s. 6d.

Baring-Gould.— Cvrrovs Myrus oF
THE MippLe Acrs. By Rev. 5. Barme-
GouLp. Crown 8vo., 35. 6d.

Baynes. — SwaxespEARE SrTUDIES,
and other Essays. By the late THomas
Srencer Bavnes, LL.B,, LL.D. Witha
Biographical Preface by Professor Lewis
CaMPBELL. Crown 8vo., 75. 6d.

Charities Register, The Annual,
AND fnGeEsT: being a Classified Register
of Charities in or available in the Metropolis.
8vo., 43.

Christie.—Sececrep Essavs. By
Ricuarp CorrLey CHrisTIE, M.A., Oxon.
Hon. LL.D,, Vict. With 2 Portraits and 3
other Illustrations, 8vo., 125 net.

Dickinson.—A7v¢ ArTHUR IN CORN-
waLL. By W. HowsHir Dickinson, M.D,
With 5 Illustrations. Crown 8vo., 45. 6d.

Essays in Paradox. By the Author
of *Exploded Ideas 'and
Days'. Crown 8vo., 5s.

Evans.
PLEMENTS, WEAPONS AND ORNAMENTS OF
GreaT HrRiTain. By Sir Joun Evans,
K.C.B. With 537 Illustrations. 8vo., 28s.

Exploded Ideas,«vo Orwer Essavs.

By the Author of ‘ Times and Days’. Cr.
8vo., 55.
Frost. — 4 Meprey Boox. By

GeorGe Frost. Crown 8vo., 35. 64. net.

‘Times and |
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Geikie.— 7wE Vicar AND 115 FRIENDS.
Reported by Cussincuam Gemie, D.D.,
LL.D. Crown 8vo., 55. net.

Haggard. — 4 Faruer's VEar:
being his Commonplace Book for 18g8.
By H. Rmer Haccarp, With 36 Illus-
trations. Crown Bvo., 75. 6d. net.

Hodgson.—Ovicasr Essavs AND
VErRse TRANSLATIONS. By SHADWORTH
H. Hopgson, LL.ID). Crown 8vo., 85 6d.

Hoenig. — /NpuiriES CONCERNING
THE TAcTIcs OF THE FUTURE. By Fritz
Hoewic. With 1 Sketch in the Text and 5
Maps. Translated by Captain H. M. Bowgr.
8Bvo., 155, net.

Hutchinson.—DrEaMS AND THEIR
MEeaninGs. By Horace G. HurcHinson,
Bva., gilt top, gs. 64d. net.

Jefferies (RicuarD).

Frerp avp Hepcerow : With Por-
trait. Crown 8vo., 35. 6d.

Tue StorYy oF My HEART:
Autobiography. Crown 8vo., 3s5. Od,

ey
Rep Degr. With 17 Illustrations,

Crown 8vo., 35. 6d.

TwE Toriers oF e Frerp, Crown
8vo., 35. 6d.

Woop Macrc: a Fable. Crown
8vo., 35. 6d.
Jekyll (GERTRUDE).
Home anvp (Garpexy: Notes and

Thoughts, Practical and Critical, of a
Worker in both. With 53 Illustrations
from Photographs. 8vo., 105. 6d. net.

Woop anp Gakpen: Notes and
Thoughts, Practical and Critical, of a
Working Amateur. With 71 Photographs,
Bvo., 10s. 6d. net.
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Johnson (]. & J. H.).

Tue PaTentees Mavvar: a
Treatise on the Law and Practice of
Letters Patent. 8vo., 10s. 64.

Ax Eprromg oF THE Law anD
PRACTICE CONNECTED WITH PATENTS
ror Iavenrtions, with a reprint of the
Patents Acts of 1883, 1885, 1886 and
1888. Crown Svo., 2s5. 6d.

Joyce.— Tue OriGiN AND HISTORY
orF IRIsH NaMES oF Praces. By P. W.
Jovce, LL.D. zvols. Crown 8vo., 55. each.

Lang (ANDREW).
Lerrers o Deap Avrnors. Fcp.

Bvo., 2s5. Gd. net.
Booxs axp BookmEN. With 2

Coloured Plates and 17 [Illustrations.
Fep. 8vo., 25. 6d. net.

Orp Frrexps. Fep. 8vo., 2s. 6d. net.

LETTERS 0N LITERATURE.
Bvo., 25. 6d. net.

Fep.

Essavs v Lirrce.  With Portrait
of the Author. Crown Bvo., 2s5. 6d.

Cock Lawe Anxp CoMMON-SENSE.
Crown 8vo., 3s. 6d.

Tre Bookx oF DrEAMS AND GHOSTS.
Crown 8vo., 3s. bd.

Maryon.—How ri#E GARDEN GREW.
By Maup Marvon. With 4 [llustrations.
Crown 8vo., 55. net,

SPEECH-
Fep.

Matthews.—Nores  own
Maxivg., By BRaNDER MATTHEWS.
Bvao., 1s. 6d. net.

Max Milller (The Right Hon. F.).

Correcrep Worwks., 18vols. Crown

8vo., 55 each.

Vol. I. Narvrat RELicion: the Gifford
Lectures, 1883,

Vol. I1. Prysicar RELicIon : the Gifford
Lectures, 18go.

Vol. 11, AxreroroLocical. RELIGION:
the Gifford Lectures, 1801.

Vol. IV. Twugosorsy; or, Psychological
Religion : the Gifford Lectures, 18g2.

Crirs FroM A GERMAN WorKSHOP.
Vol. V. Recent Essays and Addresses.
Vol. V1. Biographical Essays.

Vol. VII. Essays on Language and Litera-
Cure.

Vol. VIII. Essays on Mpythology and
Folk-lore.

Vol, IX. THE OriGIN AND GROWTH OF
Rerrcron, as Illustrated by the Re-
ligions of India: the Hibbert Lectures,
1878,

Vol. X. Brocrariies oF WoRDs, AND
THE HoME oF THE ARYVAS.

Vols. XL, XII. TwHE SCIENCE OF
Lawcuace : Founded on Lectures de-
livered at the Royal Institution in 1861

and r863. = vols. ros.

Vol, XIII. Inpr4a: What can it Teach
Us?

Vol. XIV. IntropucrioN To THE
Scienvce oF ReLicron. Four Lectures,
1870,

Val. XV. Riararrisnna: his Life and
SAYINS.

Vol. XVI. Twurer LECTURES ON THE

FEDANTA PHILOSOPHY, 18504,

Vol. XVII. Last Essays. First Series.
Essays on Language, Folk-lore, etc.

Vol. XVIIIL. LasrEssays. Second Series.
Essays on the Science of Religion.
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Milner.—Couvnvrry Preasvres: the | Soulsby (Lucy H. M.)—continued. 1

Chronicle of a Year chiefly in a Garden,
By Georce MiLNer. Crown 8vo., 35. 6d.

Morris.— Sicys oF CHANGE. Seven
Lectures delivered on wvarious Occasions.
By WiLLiam Morris. Post 8vo., 4s. 6d.

Parker and Unwin.—7x& Ar7r or
Bourrping 4 Hosme : a Collection of
Lectures and [Illustrations. By Barmy
Parker and Ravmonn Unwin,
Full-page Plates. Svo., 10s. 6d. net.

Pollock.—/4~ve Avstex: her Con-
temporaries and Herself. By WaLTEr
Herries PorLock. Cr. 8vo., 3s. 6d. net.

Poore (Georce Vivian, M.D.).
Essavs ov Rurar Hyveciene. With

13 Illustrations. Crown 8vo., 6s. 64.

Tre Dwerrive Hovse. With 36

Illustrations. Crown Bvo., 35. 6d.

TrE EArTH IN RELATION TO THE

PRESERVATION AND DESTRUCTION OF
ConTAGI4 : being the Milroy Lectures
delivered at the Royal College of Physi-

cians in 18gg, together with other Papers |
With 13 Illustrations. |

on Sanitation.
Crown 8vo., 5s.

Rossetti. - 4 Swapow or Dante: |

Himself,
y Maria
Crown 8vo., 35. 6d.

being an Essay towards studyin
his &’nrld and his Pilgrimage. %
Francesca RossETTL

Shadwell. — Drivi :

and Legislation. By ARTHUR SHADWELL,
M.A., M.D. Crown &vo., 55. net.

Soulsby (Lucy H. M.).

Srray THOUGHTS
Fecp. 8vo., 25. 6d. net.

oN

Srray TrovcHTs Fok Giris. 16mo.,

15. 6d mnet.

StrAy TwovcHTs ForR MoTHERS AND
TracHERs. Fcp. Bvo., 2s. 6d. net.
ro,000)7 oz,

With 68 |

Temperance |

READING. |

| Stray THoOUGHTS FOR INVALE
| 16mo., 25. net.

| Stray TwovcHTS 0N CHARACT:
| Fcp. 8vo., 25. 6d. net.

| 1
Southey.— 7#e CORRESPONDENCE OF
ROBERTSoUTHEY WiTH CAROLINE BOWLES.
Edited by Epwarp Dowpexn. 8vo., 145,

A A

Stevens.— O r5E STOWAGE OF SHIPS
AND THEIR CakcoEs., With Information re-
garding Freights, Charter-Parties, etc, By
RoBeErT WHITE STEVENS. Bvo., 215, :

| Sutherland.— 7wenrizre CENTURY
1 Invenrions: a Forecast. By GEorGe
SuTHERLAND, M.A. Crown 8vo., 45. 64, net,

1

| Turner and Sutherland.— 7xz De-
| FBLOPMENT OF AUSTRALIAN LITERATURE,
| By Hewxry Gyres Turner and ALEXANDER
| SvurHerLanDp., With Portraits and Illustra=
{ tons. Crown 8vo., 55.

' Warwick.—Procress v WoMEN'S
Epucarion iN THE BriTisi EMPIRE : being
the Report of Conferences and a Congress
| held in connection with the Educational
Section, Victorian Era Exhibition. Editeg
by the CountEss oF Warwick. Cr. 8vo. 68

| Weathers,—4 Pracricar GUIDE 10
|  GarpEN PrLants. By Joux WEATHERS,
| F.R.LH.S. With 159 Diagrams. 8vo., 214
! net.
|

Webb,— 7w Mysrery or WiLLiak

SHAKESPEARE: a Summary of Evidence;
. By his Honour Judge T. Weee, sometime
. Regius Professor of Laws and Public

Orator in the University of Dublin. 8ve,
ros. Ged. net.
|
 Whittall.—Freperick 1HE GREA]
oN KINGCRAFT, from the Original Manus
script ; with Reminiscences and Turkisl
Stories. By Sir J. WiLLiam WHITTALL,
| President of the British Chamber of Com-
merce of Turkey. 8vo., 75. 6d. net.















