'!
i
s
!
!

252

NATURE

[Faxn. 15, 1880

i VISUALISED NUMERALS

I HAVE lately been occupied in eliciting the degree

and ‘manner in which difierent persons possess the
power of seeing images in their mind's eye, and am
collecting a large and growing store of materials, partly
of verbal answers made by friends to my inquiries, but
principally by means of written replies to a printed list
of questions that I am distributing. The subject bears
in many ways upon psychalogical and ethnological studies,
and I should be glad if the present memoir upon oune
particular branch of it should induce correspondents to
furnish me with authentic information of the kind I seek.

The various ways in which numerals are visualised is
but a small subject, nevertheless it is one that is curious
and complete in itsall. My data in respect to it are
already sufficiently numerous to be worth recording, and
they will serve to shaw that parallel results admit of being
arrived at in cther directions. )

1 may begin by mentioning one or two gencral expe-
riences.. 1 have been-astonished to find how superior
women usually are te men in the vividness of their mental
jmagery and in their powers of introspection.  Though
T havefadmirable returns from many men, I bave frequently
found others, even of the highest %enera! ability, quite
unable for some time to take in the meaning of such
simple questions as these. *Think of some dcfinite
abject,—say your breakfast table, as you sat down ta it
this morning, and consider carefully the picture that rises
before your mind's eye. Is the image dim, or fairly
clear? {5 its brightness comparable ta that of the actual
scenc?  Are the objects slmrpl_y defined ?  Are the colours

uite distinct and naturat, &c.?"” On the other hand, 1
End the atrention of women, especially wonien of abi!itf',
to be instantly aroused by these inquiries, They eagerly
and carefully address themselves to consider their modes
of thought, they put pertinent questions, they suggest
tests, they express themselves in well-weighed language
and with happy turns of expression, and they are evidently
masters of the art of introspection, 1 domnot find any
peculiar tendency to exaggeration in tbis matter either
among women or men; the only differcnce 1 have
obsceved between them is that the former usually show an
anexpected amouat of intelligence, while many of the
Jatter are as unexpectedly obtuse.  The mental difterence
Dbetween the two sexes seems wider in the vividness of
their mental imagery and the power of introspecting it,
than in respect to any osher combination of mental facul-
ties of which I can think.

Another general experience is that the power of secin
vivid images in the mind’s eye has little connection with
high or Jow ability or any other obvious characteristic, so
that at present I am often puzled to guess from my
general knowledge of a friend, whether he will prove on
inguiry to have the faculty or not. - I have instances in
which the highest alulity is accompanicd by a large
measure of this gift, and others in .which the faculty
appears to be annost whoily absent. It is not possessed
by all artists, nor by all mathematicians, nor by all
mechanics, nor by all men of science. It is certainly
not possussed by all metaphysicians, who are too apt to
put forward geveralisations based solely on the experi-
ences of their own special ways of thinking, in total
disregard of the fact that the mental eperations of other
men may be conducted in very different ways to their own.

1 bave much to say on this and cognate topics which 1
pass by on the present aceasion, that 1 may atonce proceed
to the subject of this paper. 7The first scetion of it is of
minor interest aud may be guickly dismissed. It is

the power of mentally sceing numerals, of holding them
fast in the field of view, of perusing thein when there, and
of working sums by mental imagery in the same form as
that in which they are usually carried on with pen and
paper,
Here is awell marked case of the power of visualising

numerals. The writer is an effice-bearer of one of ouf
scientific societies :— i

r. 1f words such as fifty-six bes poken, I most elearly, casily
and instantly visualize the figures, do saalmnst automatically.
1 perceive that when 1 speak the word * thousand " or hedr} it
spoken, the figures at once group themselves together, I find it
quite impossible to think of the date of a year without remem-
bering and viswalising the figures, though 1 express myself in
words, The fizures are always printed; in type and size they
resemble those commonly used for the headings of newspapers-
1 cannot, hiowever, appreciate a back-ground, the figures a pear
simply in space. I think that by practice and concentration T
could bold fast many figures. i :

The next is by a friend who has a most tenacious
memory for numerical administrative details :— |

2. T can see and mentally retain many figures, ahd can multiply
four fizures by four Rgures without practice, the operation
procecding visibly in my mind Jike o sum upon paper.

The following is by a school-boy who is a near relation .

of a man of the highest mark in scicnce :— .

3. I can visualize a fairly long line of figures, and I do mental
cumis by putting down the warking “of then: in my mind's eye, up
to square roots with two figures in the root, and in algebra,
to stmple quadratics.

A schoolmistress writes - :

4. 1 can retain several figares in my mental ¥iew and worl
examples, seeing every figure in the process.

A late Feliow of Trinity College, Cambridge, states :--

5. All arithmetical processes performed mentaily, are exactly
the processes 1 should perform on paper.

It must not, however, be imagined for a moment, that
the processes of mental arithmetic are necessarily wholly
dependent on the faculty of visualising numerals, Here
is a good instance to the contrary. The writer is [the
author of a valuable work on a branch of Mental Philo-
sophy :— .

6. I'ie numerals are merely ideal sounds {to me], not ideal sights
in any way, 1 have, or used to have, very considerable powers
of mental arithinetic ard mental algebra, Lut always used in
thought the sounds of the signs. In the procers I always forgot
every step as soon as 1 had reached the result of that step.

“This last sentence is exceedingly suggestive, and
reminds one that many so-cailed * unconscious " acts arc
not really unconscious, but are acts characterised by an
exceedingly brief and evancscent period of consciousness.

The processes of mental arithmetic are commonly
dependent on the representation of more than one senze,
as in the following instance i— .

. I can multiply with effort four figures by four ; but pactty
only by 1mages, chiefly by ‘mewmory. !

Ian as yet unable to determine the percentage of persons
who possess in the various degrees, the powér of visualising
numerals, because my returns are chiefly derived from
persons who are exceptionally gifted. An excellent way
of obtaining average returns to Psychological uestions
weuld be by the help of schoolmasters, who have an
admirable- field of psychological research immediately
Dbefore them, which they wholly neglect. Ifa hundred
boys in a large school could be sct simultaneously to
anwwer such questions as _those I am putting, after their
masters had cl arly explained their purpert to them, and
had taken common precautions to insure independent
replics, and to sift awuy lax and untrustworthy stalc-
ments, the thing would be effected by, a single stroke/] and
both boys and masters would enjoy the satisfactory
fecling of having accomplished 2 substantial piece of
scientific research. . . !

1 have many curious cases of colour association, with
the various numerals, but shall only give a_ very fow
instances of them, and those incidentally, in the present
paper. [ shall also abstain at present from speaking
of the many different ways in which dates, days of the
week, and months of the year are apt to be visualised.
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The topic to which I especially wish to direct attention,
is the innate and bereditary tendency of certain persens
to see numbers in definite and constant arrangements or
schemes, whose various characters will be easily under-
stood from the extracts I am about to give and by the

accompanying illustrations, which are reductions to a

. small scale of the pictures I have received, with a

 necessary sacrifice of detail in a few cases.

‘The simplest instances do not seem to be the com-

monest ; thus, I have very few indeed that couid be
classed with the following :—

8. When a child, I counted by means of imaginary cards
from ace to ter. My little boy in the same way, used an
imaginary domino,

Or this :—

6. T picture numbers in groups, thus § is sometimes [0,
sometimes -+, Sis 3, 77 11, 100 is tenraws of ten,

~ I'mayas well give the remainder of Lhis communication
heré; it is written by a lecturer upon mental philosophy.
He says ==~
10. The numerals 1, 2, 3, 4, &2, from the part they play in
the multiplication table, hiave been perzenified by me from child-
hood. g isa wonderful being of whom I felt almost afraid,
8 I took for his wife, and there uzed alvays to seem a fitness in
9x9 being 50" much more than §x8. 7 azain is masculine ;.
&, of no particularsex hut gentle and straightforward ; 3, a feehie
edition of 9, and generally mean ; 2, young and sprightly ; 1, a
common-place drudge. In this siyle the whole multiplication
table consisted of the actions of living persons, whom I'liked or
disliked, and who had, though only vaguely, haman fons,

The schemes in which numerals appear are usually
fantastical and sometimes very elaborate. I will (by
permission) give the name of the writer of the first
instance about to beadduzed, on account of the hereditary
interest that is attached to it. It is by Mr. George Bidder,
Q.C.,as0n of the late eminent engineer,who was known in
early life as the-calculating boy. Mr. George Bidder
inherits much of his father's marvellous power of mental
arithmetic, being able, though not with equal precision
and rapidity, to mentally multiply fifteen figures by
another fifteen figures. This faculty has been again
transmitted, though in an again reduced degree, to the
third generation. {See letter in the Speclalor, December 28§,
1878, also the early numbers of that paper in 1879.)

He writes to me as follows (—

11. One of the most curious peculiarities in my own ease, is
the arrangement of the arithmetical numerals, T have sketched
this to the best of my ability. Every number {at least within
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the first thousaned, and afierwards thausands take the plaze of
units) is always thought of by me in its own definite place in
the series, where it has if I may say o, a howe and an indi-
viduality. 1 should, however, qualify this by saying that when
I am multiplying together two large numbers, my mind is
engrossed it the operation and the idea of lacality in the series
for the moment sinks out of promincuce. You will observe
{lat the first part of the diagram roughty Follows the arrange.nent
of fyures on a clock-face, and I am duclined to think that may
have been in part the unconscivus syuree of if, but L have
always been atterly at a loss to scesant for the abrupt change at
10 and again at 12,

1t occurs to me that the change is probably due to the

order to make its duodecimal arrangement conform to the
decimal system, and that the same action is repeated at
110.

The next diagram exhibits the most compact of all
the mental schedules which I have as yet received :—

12. The representation I carry in my mind of the numerical
series is quite distinct to me, o much so that 1 cannot think of
any number bul I at once see it (as it were) in its peculiar place
in the diagram, My remembrance of dates is ako nearly
entirely dependent on a clear mental vision of their fosf in the
dingram, This, as nearly as I can draw it, is the following ==

. 2,

It is only approximately correct (if the term * correct” be at
all applicable).  The nuwmbers scem to proach more closely
a3 I ascend from to ta 29, 30, 40, &c. '1%:: lines embracing &
hundred numbers also seem to approach as I go on o 400, 500,
ta 1,060. Meyond t,000 I have only the seuse of an infinite
line in the direction of the arrow, losing itself in darkness towards
the millions. Any special number of thousands reterns in my
mind to its position in the parallel lines from I to r,000. The
diagram was present in my mind from early childhood; I re-
member that I leamt the ultiplication table by reference to it,
at the 2z¢ of seven or eight, I need hardly say that the impres-
sion is not that of perfectly steaight lines, T have therefore used
no ruler in drawing it . -

Some writers have somewhat tashly asserted that our
idea of numbers is always based on our ten fingers and
ten toes. There are, however, other forms in use by
various nations than those of decimal arithmetic, and the
last paragraph of the foregoing scems sufficient to show
that the finger and toe hypothesis is not universally true.
This opinion was strongly maintained by the lady writer
of the following remarks, whose imagery dates beyond
her earliest recollections ;(— .

13, The astexed colwmn {a portion only of it is represente
here] represents how 1 see the numbers from 1 to

120. ‘There is o break up to 30, and none from &e.
00 to 130, but I think this is Lecausc the three 41
fi-rures at 160 make a sort of break of themselves. 39 40
Afler 140 they go on regularly, bat farther ofi. 38
‘The figures are not one alere the other, as they . 37
appear in the diagram, but are one beyostd the 3?
other, stretehing away into space. They are about 35
half an inch long, of a light grey colour en a 34
darker and brownish grey ground. 33

The nest example is very curious; the
diagram which accompanies it is carefully
and minutely drawn on a large sheet of 23
paper and looks like a detailed route siirvey 27
made by a careful traveller. T have been &
obliged to treat it much as a map maker Fro. 3.

wrench given to the mental picture of the clock dial in

wou.d treat such a survey,
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[Fan 15. 1830

am standing n little on ene side, “Theygo anagin the Jistanee]
so that 100 is the farthest number I can see distinelly, Iti
dusky grey, and paler near to me ; Up to 20 it occupies & dispro=

ortionate size. There are sovis of woolly lumpi at the tens.
These picturcs are not of such frequent occurrence in my mind
as formerly. The practice of working arithmetic has raiker
expelled them,

Since the foregeing remarks were Arst sdnt to the
printer, many additional cases have reached me, which I
regret to have no space left to include. Onc very in-
teresting group consists of three cousins and the daughter
of one of them. Another case was brought to my notice
by a correspondent ; it was published in the Atlantic
Aonthiy, February, 1873, p. 199, with an accompanying
diagram, and is signed by Miss H. R. Hudson. I I'u'we
littie doubt that many allusions to the faculty of visualizsing
nwmerals in diagrammatic and coloured shapes might be
found to exist scattered here and there in various books.

Of the many results to be drawn from the foregoing
extracts, I do not at present care to dwell upon more
than these, In the first place 1 am sure that all will
agree with me in saying that the descriptions bear
evident marks of careful and trustworthy observalion.
In the second place, although they refer to characteristics
which the majority of my readers may not possess, their
language is sufficiently clear to convey a good idea of
what is meant to be conveyed. In the third place, these
independent statements powerfully corroborate and ex-
plain one another, Therefore, although philosophers
may have written to show the impossibility of vur discover-
ing what gocs on in the minds of others, [ maintain an
opposite opinion. I do not see why the rcport of a
person upon his own mind should not be as intelligible
and trustworthy as that of a traveller upon a new country,
whose landscapes and inhabitants arc of a ditferent type
to any which we ourselves have seen. ]t appears to me
that inquiries into the mental constitution of other people
is 2 most fertile ficld for exploration, especially as there i3
so much in the facts adduced here, as well as elsewhere,
to show that original differences in mental constitution
are permanent, being dittle modified by the accidents of

education, and that they are strongly hereditary.
1 trust, therefore, that the publication of this memoir
may prove to be the means of inducing some persons to
furnish me with information of the kind I am now seeking.
I want to hear of well-marked and propesly-authenticated
instances of persons who are able torecall, or represent to
their imagination, with great vividness, either sights,
sounds, smells, or tastes, and to obtain information that
may throw light on the peculiarities of the representative
faculty in different families and races.
: FRANCIS GALTON

2, Rutland Gate, London

ON A MODE OF .EXPLAINING THE TRANS-
VERSE VIBRATIONS OF LIGHT

THERE has been considerable @ifficulty in arriving at
a satisfactory conception of the means by which the
transverse vibrations of light are produced in the ether.
In the attempt to surmount this difficulty some have gone
£o far as to conjecture that this structure of the cther
must resemble that of a se/id; for it was imagined that
nothing but such a structure could propagate transverse
vibrations. Yet the supposition of the cther being any-
thing like a solid appcars to be in direct antagonism to the
evidence of our senses ; for we move about so_freely in
this " solid '’ as to be unconscious even of its existence.
My object here is to direct attention more especially to

a suggestion thrown aut by the late Prof. Clerk Maxwell
in regard to this point. This suggestion is contained in
the article, ** Ether,” in the new edition of the © Encyclo-
padia Britannica,” in connection with a notice of a theory

relation to the prabiem of gravitation) by the present
writer, and publishcd in tie fhilosophical Magazive for
September and November, 1877, and February, 1878.
Alter referring to the fact ll}:.t the prescnt writer “ has
supposed that the ctln_er i3 ]l.l:c a ms whose mplccu!.es
very rarcly interfere with eacin other, so that their mean
path is far greater than any planctary distances,” Prof.
Aaxwell continizes as follows :—
% He has not investizated the propertics of such a
medium with any degree of cempleteness, but it is easy
to sce that we might form a thcory in which the mole-
cules ! [atams of ether] mcver interfere with each other's
motion of translation, but travel in all directions with the
velocity of light ; and if we Further suppose that vibrating
bodies have the power cf impressing on these atoms of
cther some vector property (such as rotation -about an
axis) which does not interfere with their motion of trans-
lation, and which is then carried along by the atoms of
ether, and if the alternation of the average value of this
vector for ail the atoms of ether within an elcment of
volume be the process which we call light, then the equa-
tions which express this average will be of the same form
as that which cxpresses the displacement in the ordinary
theory.” .
“There is one paint in the above suggestion 1 would
briefly remark upon, viz., the supposition made by Prof.
Maxwell that the atoms of cther ** wezer interfere with each
other's mation of translation ” [#.¢., never encounter each
other]. This supposition secins to have been called for
by the fact previously mentioned in the same article
(* Encyc. Brit.," p. 572), viz., that */ the ether transmits.
transversc vibrations to : great_distances without
consible loss of enurgy by dissipation,” whereas it is cox;1-
tended that if the cther atoms cncountercd each other
(frequently at least), “the cnergy of the regular vibra-
tions would be frittered away into that of the irregular
agitation which we call heat™ But I would venture to
suggest that, as we have no preof that no dissipation
zwhatever of the energy of Light takes place in long dis-
tances (but perhaps even some indication to the contrary),
it would appear evident that no necessity really exists for
supgosing that the atoms of cther wever interfere with
each other's motion of teanslation. I think it will be
admitted as a reasonable cenclusion that so long as the
dissipation of the energy (vl the light) attendant on the
mutual encounters of the cther atoms is no greater than
ohservation allows us to suppose it to be, all conditions
are satised. Moreover, it would seem that to suppose
the cther atoms seo¢r to interfere with each other's
motion of translation would be equivalent to assuming
that their mean path is fndsfinitely great, which appears
to involve the asswmptien that the atoms bave no finite
size or dimensiong, which would put a difficulty in the
way of a satisfactory er consistent conception of mauter.
On this ground I would therefore suggest that the atoms
af ether may be considered 1o have a reasonably long
free path [which rmay Le conceived as great as we please,.
by simply cenceiving the atoms small], and thus the dis-
sipation of the energy of the light may be reduced within
the limits required by observation. This does not alter
in the least in its essertial details the above suggestion
by Prof. Maxweli as to the mode of production of the
transverse vibrations of light, which I would accordingly
enlarge npon and elaborate sumewhat here (in connection
with the special structure of gross matter required by the
physical theory of gravity). First it is important to ob-
serve that many observed facts Jead us to infer that gross
matter (probably the molecules® themselves) possesses
a morc or less njen struzture {or possesses a_high degrec
of porosity). The transparency of some bodies, the frec
passage of the magnetic disturbance through all bodies,
+s of ether” in the ahove passage for ' mole-
jguity, as the wurd “molecules” is uflen
applicd to the parts of zrass

15
r. |
= 'I'his is als3 in haramny witk the modern theory of vartex-atoms.

t 1 merely substitoie
cules,” to aveid any pe

of the constitution of the ether (considered in special
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and many other well known independent facts render this
inference mecessary. The fact that gravity is proportional
to mass, on the basis of the dynamical theary {first started
by Le Sage) also renders it essential to conclude that
gross matter possesses an open steucture [so that the
atoms producing gravity can penetrate and act upon the
interior of bodies], 1f we admit this, and figure to our-
selves the streams of ether atoms passing in all directions
frecly through the open structure of gross matter, and
further, if we conceive the malecules of gross matter to
be in a state of vibration (of regular periods, as proved by
the spectroscope), then it is evident that these streams of
ether atoms during their passage can, from the very nature
of the case, be solely efiected by the fransverse component
of the motion of the molecules of the luminous body. It
is much as if the meshes of a sieve were in vibration, and

. a continuous stream of fine particles of sand (impelled by

a current of air).werg urged through it, when in howcver
many d}fferent' directions the filament forming the meshes
of the sieve might be conceived to be vibrating, the sand

. particles that passed through in the onward stream could
- be only affected by the Zrnszwrse component of the

motion of the meshes, So the atoms of ether in
their passage through the vibrating molecules of gross
matter are solely affected by the #ansverse component
of the motion of the molecules. The ether atoms passing
through the open structure of gross matter would be thus
periodically deflected (or the ether atom itself thrown into
vibration or rotation), and as the transverse impulses
(whatever their exact nature) thus received by the stream
of ether atoms would be perfectly ryhthmical or periodic,
in harmony with the known periodic vibrations of the
~molecules through which the ether atoms pass, the frans-
werse pulsatory or periodic nature of light would thus be
produced, This view would also seem to be capable of
surmounting in a very simple manner the difficulty that
there has been in conceiving how the ether can transiit
transverse vibrations to great distances without sensible
loss of energy by dissipation. For it is evident that an
ether atom after having passed through a luminous body
and received energy from it, would bave nothing! to give
that energy (say vibration or rotation) to during its
transit, since, by assuming the ether atom smal}, we may
conceive its mean path as long as we please; so, there-

-fore, the energy carricd by the ether atom from the

luminous body could not possibly be dissipated during the
transit of the atom, but this cnergy would be carried
intact by the ether atom (through its normal motion of

trnnslat}on)_until the distant object is reached, where the

energy is given up in the form of heat and light. The

normal motion of transiation possessed by the ether atom
erferms the part of simple carrier of the energy received
y the atom from tire luminous body.

It might possibly be thought ul first sight that this
theory had some resemblance i principle to the emission
theery of light, but this is evidently not the case, as no
atoms arc emitted by the luminous body, but simply the
atoris of ether in their normat state of translatory motion
pass through objects in streams equally in all dircctions
—the cther being regarded simply as a gas (according to
the modiern kinetic theory) with atoms of very long free
path, It is a known mathematical fact that no conse-
quence how close the atoms of ether may be together
(f.c., no consequence how many in unit of volume) their
mean path may become as great as we please, by stmply
conceiving the atoms adequately small. It further follows
from the known principles investigated in conncction with
the kinetic theory of gases, that thesc atoms will of them-
sclves automatically adjust their mations se as to move
with perfect uniformity or cqually in all directions; this
adjustinent being of such a rigid character that if the

3 This ho ; 2 v ive
N s sy ey

sface, in 5o far s itis k Le i s
a5 itis i sible Lo operate upsn or cummunis
cale cnergy to such a Liquid, chila pen or comprd

atoms were imagined to be disturbed or made to move in
the most chaatic manner, they would, when left ts them-
selves, instantly correct the irregularity, and return to the
above regular form of motion, 4., sa that the atoms move
f?mr//y iall directions, 1t follows from this, therefore, that
it we take any given point (such as where a luminous body
is situated), the atoms of ether will “radiate” from and
to this point along all the imaginary radii of a sphere
described from this peint as a centre; so that those ether
atoms which have passed through the luminous paint
(and have carried energy off with them) will diminish in
number (per unit of spherical area) as the sguare of 1he
radial distance from the luminous point, the energy, there-
fore, diminishing in the same ratio, which is the “law”
of light, The *law” of gravity (which is found also to
diminish as the sguare of the distance) may be accounted
for on the same principle.

It has been shown by the present writer (in the papars
published in the P/#/, Mag. previously alluded to) that in
accepting Le Sage's ingenious sheltering principle as the
fundamental bais of the explanation of gravity, there is
no necessity for admitting any of his postulates regarding
the particular motions of the atoms (corpuscles) required
to produce the result. For it may be shown that the whole
of the conditions requisite for gravity will autematically
fulfil themselves by simply admitting the existence of a
body in space, constituted according to the kinetic theory
of gases (and whose atoms have an adequately long free
path). There is no necessity to suppose, with Le Sage,
the existence of “ultramundane corpuscles,” or that the
atoms producing gravity come from outside the bounds of
the visible universe, so that a continuous supply of matter
from “without is necessary to maintain gravity within
the confines of the visible universe. On the contrary,
the conditions are satisfied by merely supposing the
universe to be immersed in a gas, which, as e wwhele
(like any other gas) is at rest. The motion (in streamns)
requisite for gravity takes place solely ewithin the
range of froe fatk of the atoms of the gas; just {as is
known) in every ordinary gas the atoms within the range
of free path are moving in streams equally in ail direc-
tions, The only difference is that in the case of the cther,
on account of the smallness of the atoms (which is in
harmony with their high velocity), the range of free path
is great—cqual to the range of gravity. We have no
proof that the range of gravity extends across stellar dis-
tances, and there is clearly no necessity for assuming it
to prevail over greater distances than observation war-
rants. DBy the explanation of gravily by the physical
theory, the remarkable and anomalous distinction between
teo Linds of matter (“ponderable” and “imponder-
al?ie") vanishes. Matter is shown of its essence to be all
alike, ‘‘ ponderability,” or the tendency to approach, not
being an occult or magic quality, but simply an effect
dependent on difiering dynamical conditions,! and the
variation of the intensity of which as the sguarc of the
distance it is as necessary to account for dynamically as
in the aralogous case of light,.
1t appears, therefore, from the above considerations,
that the same medium shows itself to be capable of
accounting for, in their essential groundwork, the pheno-
mena of both gravity and the propagation of ligkt.
The theory of gravity is based upon the well-known
sheltering principle of Le Sage, which has already found
favour with some eminent physicists. The normal trans-
latory motion of the atoms of the medium produces
gravity, and this motion scrves as a vchicle for the propa-
gation of light, while the light itself consists in the
1 The fact of the property of " ponderability ' having been atirthuted to
gross matier as an cccult qualicy {nst an effect depending on dyn: al con-
d.tions), bas naturally breught the ether—which ducs nat possess this
property—into direct contrast with gross matter, as if it were an anwmaluus
substarce, of its essence distinct From gross matter. This circimstanee has
na dsubt naturally contributed to produce a distaste for the study of the

ethier and 10 cause some to treat this magnificent physical agent ns if it
were desired rather to ignore than ta take a rational tnterest in its existence.




