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admit of being explained by any previous theory. It only
remains to add that, if true, the present theory ought to
admitof experimental verification, Letwell-markednatural
varieties of plants growing on the same area be system-
atically tested with regard to their relative degrees of
fertility, first within themselves, and next towards one
another: let these experiments be made in successive
years over a number of natural varieties, by carefully-
conducted artificial fertilisation, and by counting the
seeds and tabulating the results. In this way experi-
mental evidence would probably be obtained of degrees
of sterility between even slight though constant varieties
growing on the same areas; and, if so, such evidence
would serve as further proof of the present theory. But
experiments of this kind, in order to be satisfactory,
ought to be conducted by a number of observers in
different geographical areas; and my object in publishing
<o lengthy an abstract of my views in this periodical is
that of inducing naturalists in other parts of the world to
co-operate with me in carrying out this research, The
paper itself, which furnishes fuller particulars as to the
way in which such experiments should be carried out, is
published-in a separate form by the Linnean Society.

THE WOODEND COLLIERY EXPLOSION

Ul s'excuse s'accuse will occur to the minds of many

who have followed the details of the disastrous
explosion which took place at Woodend or Bedford
Colliery on Friday last. We read in the Z7%mes of the
16th inst. :—* The Four-foot or Crombonke Mine is a
very dusty one, and it is considered that at the Woodend
pit the dust has increased the extent of the damage.”
“ But to water the mine, as suggested by the Commission,
would here be a very difficult operation, because the floor
of the mine consists of a species of fire-clay which, as it
absorbs the water, causes a lifting of the ground, and so
prevents mining operations being conducted.” Inasmuch,
however, as the floor of perhaps ninety-nine out of every
hundred mines consists of the same kind of material, the
same argument against watering would hold equally good
in most cases, and, if it is allowed to pass, this recom-
mendation of the Commissioners is likely to come to
nothing. It has been pointed out more than once in
NATURE that the amount of water required to lay the
dust is very small—far less than would be necessary to
materially affect the floor of a mine in the manner sug-
gested, and it would perhaps be wiser to try the effect in
the first place and judge by results rather than to meet the
proposition with a simple 2oz possumus. We speak thus
plainly here, because many of the witnesses who gave evi-
dence before the Commissioners brought forward the very
same argument with the same degree of plausibility,and we
have reason to believe without having put the matter to a
practical test. Many of those who now water regularly,
for the express purpose of laying the dust on floors con-
sisting of fire-clay, admit that the water produces no
appreciable difference when properly and carefully distri-
buted.

The bursting of the gauze of a safety-lamp, described
by one of the survivors, is so contrary to all reason and
experience that it cannot be accepted as an explanation
of the origin of the explosion. Hundreds, if not thousands,
of safety lamps are placed in explosive gas every day
when the mines are being tested for the presence of fire-
damp, and yet no parallel case has ever been recorded.
Under these circumstances we prefer to attribute it to
some other still unknown cause. We have yet to learn
whether shots were fired in the mine, and if so we have
probably not far to look for the explanation.

Up to the present all we know with certainty is that
the mine produced very little gas, that it was dry and
dusty, and that the explosion was violent but not univer-
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to ascertain whether any natural local dampness curtailed
its extent ; but as this is a feature that has not hitherto
attracted or received much attention, we are not sanguine
that it will be carefully inquired into in the present case.
We shall, however, watch the future course of the inquiry,
and perhaps again comment upon it for the benefit of our
readers. W. G.

ON THE DIFFERENTIAL EQUATION TO 4
CURVE OF ANY ORDER

O Mr. Samuel Roberts (see Reprint of Educational
Times, vol. x. p. 47) 1s due the credit of having
been the first to show that a direct method of elimination
properly conducted leads to the differential equation for
a cubic curve : but he has not attempted to obtain the
general formula for a curve of any order. By aid of a
very simple idea explained in a paper intended to appear
in the Comptes vendus of the Institute, I find without
calculation the general form of this equation. The
eft-hand member of it may be conveniently termed
the differential créterion to the curve.  One single matrix
will then serve to express the criteria for all curves
whose order does not exceed any prescribed number.
For instance, suppose we wish to have the criteria for the
orders 1, 2, 3, 4:—
Let »2.p be used in general to denote the coefficient of

J/‘wﬁ-l_i_ . .)’”.

1.2.3.4
Write down the matrix—

2't 31 32 41 42 43 §5°U 52 53 54
31 41 42 51 52 53 671 62 63 €4
41 51 52 61 62 673 7T 72 73 74
5t €T 62 7T 2 53 81 82 83 83
61 yr 72z 8F 82 83 oI 92 93 9%
71 81 82 91 92 93 I0L 102 I03 1034
%1 9T ¢2 I0°% 102 I0°3 II'L II'2 II'3 I0'4
o't I0E 10°2 II'L II'zZ II'3 121 12'2 123 124
101 111 If'z 12°% 122 I2°3 E3L 132 I3'3 I34
11 12°f I2°2 130 132 I3'3 I4°0 14°2 I4°3 144

The determinant of the entire matrix, which is of the
tenth order, is the criterion for a quartic curve. The
determinant of the minor of the sixth order, comprised
within the first six lines and columns is the criterion for
a cubic. The determinant of the third order, comprised
within the first three lines and columns (subject to a
remark about to be made) will furnish the criterion for a
conic, and the apex of the matrix is the criterion for
the straight line. By adding on five more lines and
columns, according to an obvious law, the matrix may be
extended so as to give the criterion for a quintic; then
six more lines and columns a sextic, and so on as far
as may be required.

The remark to be made concerning the determinant of
the third order referred to is that it contains the irrelevant

factor 2'1, Z.¢. 'y—, so that the criterion for a conic (Monge’s)
2

is this determinant divested of such factor. It is cerfain
that the next determinant is indecomposable, and is
therefore the criterion for a cubic. There is no reason
that 1 know of to suppose that any other determinant
except that one which corresponds to the conic, is decom-
posable into factors. If this is made out, then, observing
that the single term which is the criterion for the right
line is indecomposable, we have another example of what
may be called, in Babbage’s words, a miraculous excep-
tion to a general law.

A well-known similar case of such miraculous excep-
tion I had occasion many years ago to notice in connec-
tion with the criteria for determining the number of
real and imaginary roots in an algebraical equation,

sal. " It would be most interesting, as well as instructive, | Such criteria may, with one single exception, be expressed
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by means of invariants. The case of exception is the
biquadratic equation, for which it is impossible to
assign an invariantive criterion that shall serve to dis-
tinguish between the case of all the roots being real and
all imaginary.. N

It is proper to notice that it follows, from the definition
of the symbol ey, that its value is zero whenever 7 is
less than 2u. Thus, in the matrix written out above, the
symbels 3'2, 4'3, 5°3, 5'4, 6'4, 7'4 may be replaced by zeros.

The above general result for a curve of any order is
actually obtained by a far less expenditure of thought
and labour than was employed by Monge, Halphen, and
others to obtain it for the trifling case of a conic. [ touch
a secret spring, and the doors of the cabinet fly wide
open.t J. J. SYLVESTER

New College, Oxford, August 6

CAPILLARY ATTRACIION*®
ITL.

IN these other diagrams, however (Figs. 13to 28), we

have certain portions of the curves taken to represent
real capillary surfaces shown in section. In Fig. 13a solid
sphere is shown in four different positions in contact with
a mercury surface; and again, in Fig. 14 we have a section
of the form assumed by mercury resting in a circular V-
groove. Figs. 15 to 28 show water-surfaces under different
conditions as to capillarity ; the scale of the drawings
for each set of figures is shown by a line the length of

F16. 15.~Mercury in contact with solid spheres (say of glass).

which represents one centimetre ; the dotted horizontal
lines indicate the positiens of the free water-level. The
drawings are sufficiently explicit to require’ no further
reference here save the remark that wafer is represented
by the lighter shading, and seZd by the darker.

We have been thinking of our picces of rigidified
water as becoming suddenly liquified, and conceiving
them inclosed within ideal contractile films ; I have here
an arrangement by which I can exhibit on an enlarged

Fi6. 14.—Sectional view of circular V-groove contalning

mereury.

scale a pendant drop, inclosed not in an 7dea’ film, but in
a zeal film of thin sheet india-rubber. The apparatus
which you see here suspended from the roof is a stout
metal ring of 60 centimetres diameter, with its aperture
closed by a sheet of india-rubber tied to it all round,
stretched uniformly in all directions, and as tightly as

I Adoptir}g the convention for degree and weight of a differential coeff-
clent usual in the theory of reciprocants the deg sweight of the differential
criterion of the #th order will be easily found to be—

n',u+1.u—_}-_:,:.n—~r.n.n—!—1‘ T4z
8
except that for # =2 it is 5 : 3 instead of 43
? Lecture delivered at the Royal Institution.

slives Revised anl extended by
the Author.  Continued from p. 204,

could bz dons without spzcial apparatus for stretching it
and binding it to the ring when stretched.

I now pour in water, and we find the flexible bottom
assuming very much the same shape as the drop which
you saw hanging from my finger after it had been dipped
inte and removed from the vessel of water (see Fig. 16).

. il
1

22
Is-21.—Water in glass tubes, the internal diameter of which may be

bics.
I found from Fig. 22, which represents a length of one centimetre,

| I continue to pour in more water, and the form
changes gradually and slowly, preserving meanwhile the
general form of a drop such as is shown in Fig. 13,
until, when a certain quantity of water has been
poured in, a sudden chanje takes place. The sud-

F1G. 23.~Water resting in the space between a solid cylinder and a con-
centr.¢ hollow cylinder.

den change corresponds to the breaking away of a
real drop of water from, for example, the mouth of a
tea-urn, when the stopcock is so nearly closed that a
very slow dropping takes place. The drop in the india-
rubber bag, however, does not fall away, because the
tension of the india-rubber increases enormously when
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