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WEEKLY EVENING MEETING,
Friday, January 27, 1893.

Davio Epwarp Huenes, Esq. F.R.S. Vice-President,
in the Chair.

Frawors Gavrow, Esq. F.R.S. M.R.I.
The Just-Perceptible Difference.

Wx seem to ourselves to belong to two worlds, which are governed
by entirely different laws; the world of feeling and the world of
matter—the psychical and the physical —whose mutual relations are
the subject of the science of Psycho-physics, in which the Jjust-per-
ceptible difference plays a large part.

It will be explained in the first of the two principal divisions of
this lecture that the study of just-perceptible differences leads us not
only up to, but beyond, the frontier of the mysterious region of mental
operations which are not vivid enough to rise above the threshold of
consciousness. It will there be shown how important a part is
commonly played by the imagination in producing faint sensations,
snd how its power on those oceasions admits of actual measurement,

The last part of the lecture will deal with the limits of the power
of optical discrimination, as shown by the smallest number of adjacent
dots that suffice to give the appearance of a continuous line, and the
feasibility will be explained of transmitting very beautiful outline
drawings of & minute size, and larger and rougher plans, maps, and
designs of all kinds, by means of telegraphy.

Material objects are measurable by esternal standards, about
which it 18 sufficient to say that when we speak of a pound, a yard, or
an hour, we use terms whose meanings are defined and understood in
the same sense by all physicists. The feelings, on the other hand,
cannot be measured by external standards, so we are driven to use
internal ones, and to adopt a scale of sensation formed by units of
Just-perceptible differences, rising in the arithmetical order of 1,98,
&o., and by their side a scale of measurements of the stimuli that
provoked them. The attempts of those who first experimentalised
in Psycho-physics were mainly directed to ascertain the relation
between the increase of stimulus and the corresponding increment of
sensation.

Their net result has been to confirm, within moderate limits, the
trustworthiness of Weber’s law, namely, that each successive incre-
ment of sensation is caused by the same percentage increment of the
provious stimulus. f

The rate at which a stimulus must be increased in order to give a
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just-perceptible increment of sensation, has been taken at the average
of 1 per cent. for light, 6 per cent. for muscular effort, 88 per cent.
for sound and warmth; also 33 per cent. for pressure upon most parts
of the body, and as high as 16 per cent. upon the finger tips. But
these values must not be trusted too far; they cease to be exact

- towards the two ends of the scale. :

A mechanical arrangement clearly illustrates the consequences of
Weber’s law. It includes an axle to which is fixed a wheel, a part
of a logarithmic epiral, and an index hand. This portion of the
machine is carefully balanced, so that it will remain steady in any
position in which it is set, while a small forceis sufficient to cause it to
turn; behind all is a card with equal graduations upon it, over which
the index travels. A string, with a scale pan at one end and a
counterpoise at the other, is wrapped-round the wheel. A string
fastened to the axle passes over the logarithmie arm, and a ball is
fastened to its free end. The varying weights put in the scale pan
will now represent varying amounts of stimulus, and the graduations
to which the index points, represent the corresponding variations of
sensation.

I exhibit & diagrammatic model of the apparatus, much foo rough
to give exact indications, but still sufficient for rough explanatory
purposes.

Owing to the obvious properties of a spiral, the more thé axle to

which it is fixed is rotated in the direction of its concave side, the
further does the point at which the string is hanging travel away .

from the axis, and the levernge exerted by the weight of the ball will
increase. Whatever be the weight in the scale pan, there is within
the working range of the apparatus some position of the beam at
which that weight will be counterbalanced by the ball. The pro-
perty of the logarithmic spiral is that equal degrees of rotation
correspond to equal percentage increments of leverage. Hence, when
percentage increments of weight are successively placed in the scale
pan, the index attached to the beam will successively travel over
equal divisions of the scale, in accordance with Weber’s formula.

The progressive increase in the effective length of the logarithmie
arm is small at first, but is seen soon to augment rapidly, and then to
become extravagant, We thus gain a vivid insight through this
piece of mechanism into the enormous increase of stimulus, when
it is already large, that is required to produce a fresh increment of
sensation, and how soon the time must arrive when the organ of
sense, like the machine, will break down under the strain rather than
admit of being goaded farther,

The result of all this is, that although the senses may perceive
very small stimuli, and can endure very large ones without suffering
damage, the number of units in the scale of sensation is comparatively
small. The hugest increase of good fortune will not make a man
who is already well off many degrees happier than before; the
utmost torture that can be applied to him will not give much greater
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pain than he has already sometimes suffered. The experience of a
life that we call uneventful usually includes a large share of the
utmost possible range of human pleasures and human pains. Thus the
hysiological law which is expressed by Weber's formula is a great
eveller, by preventing the diversities of fortune from creating by
any means so great a diversity in human happiness. S

The least-perceptible difference varies considerably in different
persons, delicacy of perception being a usual criterion of superiority
of nature. The sense of pain is curiously blunt in idiots. It varies
also in the same person with his health, and extraordinarily so in
hysteria and hypnotism, at which times sensitivity is sometimes
almost absent, and at other times exceptionally acute. It is somewhat
affected by drugs. Thus Dr. Lauder Brunton writes concerning
strychnine, that when taken in small doses for a long time, the im-
pressions are felt more keenly and are of longer duration. The sense
of touch is rendered more acute; the field of vision is inereased,
distant objects are more distinct, and the sense of hearing is
sbarpened.  (Pharmacology, 1885, p. 888.)

Other drugs or intoxicants may yet be discovered and legitimately
usod to heighten the sensitivity, or indeed any other faculty during a
brief period, in order to perform that which could not otherwise be
performed at all, at the cheap price of a subsequent period of fatigue.

Measure of the Imagination.—The first perceptible sensation is
scldom due to a solitary stimulus, Internal causes of stimulation are
in continual activity, whose effects are usually too faint to be per-
ceived by themselves, but they may combine with minute external
stimuli, and so produce a sensation which neither of them could have
dono singly. T desire now to draw attention to another concurring
causo which has hitherto been unduly overlooked, or only partially
allowed for under the titles of Expectation and Attention. I mean
the Imagination, believing that it should be frankly recognised as a
frequent factor in the production of & just-perceptible sensation. ILet
us reflect for a moment on the frequency with which the imagination
produces effects that actually overpass the threshold of conseiousness,
and give rise to what is indistinguishable from, and mistaken for, a

real sensation.  Every one has observed instances of it in his own

rson and in those of others. Illustrations are almost needless;

wmay, however, mention one as a reminder; it was current in my
boyhood, and the incident probably took place not many yards from
where 1 now stand.  Sir Humphry Davy had recently discovered
the metal potassium, and showed specimens of it to the greedy gaze
of & philosophical friend as it lay immersed in a dish of alcohol to
sbield it from the air, explaining its chemical claim to be considered
s metal.  All the known metals at that time were of such high specifie
gravity that weight was commonly considered to be a peculiar
characteristic of metals ; potassium, however, is lighter than water,
The philosopher not being aware of this, but convinced as to its
motallic nature by the reasoning of Sir Humphry, fished a piece out
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