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experiments before the year 1851 with different coals suitable for
the Navy. These trials were conducted near London, under a
small marine boiler at atmospheric pressure.

(3) At the English Government dockyards, various interesting
experiments have been made under small marine boilers, and the
results published in Blue-books. .

(4) Messrs. Armstrong, Longridge, and Richardson published
in 1858 an account of some valuable experiments they had made
with the steam-coals of the Hartley district of Northumberland,
under a small marine boiler, for the Local Steam Colliery
Association.

(5) At Wigan many excellent experiments were made by
Messrs. Richardson and Fletcher about 1867, to test the value of
Lancashire and Cheshire steam-coals for use in marine boilers.
The water was evaporated under atmospheric pressure from a
small marine boiler.  This station was afterwards abolished.

In none of the above do the gases of combustion appear to
have been analyzed.

(6) A fuel-testing station was worked at Dantzig in 1863.

(7} An important station was opened at Brieg, on the Oder,
by the colliery-owners of Lower Silesia in April 1878, with the
primary object of testing the value as fuel of the important coal-
seams of that province. ~ After working with the most satisfactory
results for two years, and establishing the superiority of the Lower
Silesian coal, the experiments terminated in 1880. The testing
boilers had each 40 square metres of heating surface. Gases
and coals were analyzed.

Existing Continental Stations.—(8) The Imperial Naval
Administration Coal-testing Station at Wilhelmshaven, Germany,
was established in 1877,

(9) Dr. Bunte’s coal-testing station, erected at Munichabout 1878,
particulars of which have been published in the Proceedings of the
Institution of Civil Engineers, vol. Ixxiii. Here some hundreds
of trials have been reported on and published ; much valuable
work has been doge, and many fuels tested, including coals of the
Ruhr valley, Saar basin, Saxon and Bohemian coal-fields, and
those of Silesia and Upper Bavaria. The boiler of the station has
about 450 square feet of heating surface. The gases and coals
are analyzed, and all particulars carefully noted. It is one of
the most complete stations I have seen.

(10} In Belgium, near Brussels, there is a Government station
for testing fuels, under the administration of the Belgium State
railways ; locomotive boilers are used. The establishment has
been at work for the last two years, but no results are published,
as they are considered the property of the Government. Private
firms can, however, have their coals tested and reported upon.

{11) The Imperial Marine Station, Dantzig.

(12) Boiler Tnsurance Company at Magdeburg.

The above is a slight outline of the work already done in this
direction.

With the view of obtaining the opinions of those interested in
starting a fuel-testing station, I ask you kindly to give this letter
publicity. If the necessary sum can be raised, we may hope to
have before long a practical and useful establishment in London,
and to gain from it many interesting practical results respecting
the combustion of fuels. BryaN DonNkIN, JuxN.

Bermondsey, S.E., ]'ur}e II.

The Geometric Interpretation of Monge's Differential
Equation to all Conics—the Sought Found.

THE question of the true geometric interpretation of the
Mongian equation has been often considered by mathematicians.
In the first place, we have the late Dr. Boole's statement that
*“ here our powers of geometrical interpretation fail, and results
such as this can scarcely be otherwise useful thanas a registry of
integrable forms” (** Diff. Equ.,” pp. 19-20). We have next
two attempts to interpret the equation geometrically. The first
of these propositions, by Lieut-Colonel Cunningham, is that
‘“the eccentricity of the osculating conic of a given conic is
constant all round the latter” (Quarterly Fournal, vol. xiv.
229) ; the second, by Prof. Sylvester, is that ‘“the differential
equation of a conic 1s satisfied at the sextactic points cf any
curve ” (Amer. Fowrn, Math., vol. ix. p. 19). I have elsewhere
considered both these interpretations in detail, and I have
pointed out that both of them are irrelevant ; the first of them
1s, in fact, the geometric interpretation, not of the Mongian
equation, but of one of its five first integrals which I have
actually calculated (Proc. Asiatic Soe. Bengal, 1888, pp. 74~
86) ; the second is out of mark as failing to furnish such a
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property of the conic as would lead to a geometrical quantity
which vanishes at every point of every conic (Journal Asiatic
Soc. Bengal, 1887, Part 2, p. 143). In this note I will briefly
mention the true geometric interpretation which I have recently
discovered.

Consider the osculating conic at any point, P, of a given
curve ; the centre, O, of the conic is the centre of aberrancy at
P, and as P travels along the given curve, the locus of O will
be another curve, which we may conveniently call the abderrancy
curve.  Take rectangular axes through any origin ; let (x, y) be
the given point P, and a, 8 the co-ordinates of the centre of

aberrancy. Then it can be shown without much difficulty that
@ = x — M-,3Z’;_2’
3¢5 - 57
B =y - 3007 = 3
3¢5 = 577
whence
E=ar, By,
Jx @y
where
= L ow= LT3
(3¢5 ~ 57%)° (3¢5 = 57
T = 97 - 45¢75 + 4075,

2y ¢, #, 5, ¢ being, as usual, the successive differential coefficients
of ¥ with respect to x.

If @¢ be the angle between two consecutive axes of aberraney,
ds the element of arc, and p the radius of curvature of the
aberrancy curve, we have

p = ;;/‘i, ds? = da® + 1/32,

whence
o o é dx
p = (A% 4+ u¥) .T.d“ll‘/'

But it is easy to show that

‘3’!’:

dx

g(3gs ~ 57)
7t (rp — 30°

50 that

7(39s — 5%

Now, T = o0 is Monge's differential equation to all conics,
and when T = o we have p =o. Hence, clearly, the true
geometric interpretation of the Mongian equation is :

The radius of curvature of the aberrancy curve vanishes at
every point of cvery conic. :

This geometrical interpretation will be found to satisfy all the
tests which every true geometrical interpretation ought to satisfy,
and I believe that this is the interpretation which, during the
last thirty years, has been sought for by mathematicians, ever
since Dr. Boole wrote his now famous lines. I will not take
up the valuable space of these columns with the details of calcu-
lation : they will be found fully set forth in two of my papers
which will be read next month before the Asiatic Society of
Bengal, and will in due course be published in the Journal,

Calcutta, May 18, AsuTosH MUKHOPADHYAY.
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PERSONAL IDENTI/FICATION AND
DESCRIPTION?
I
T is strange that we should not have acquired more
power of describing form and personal features
than we actually possess. For my own part I have

* The differential equation of all parabolas,
305 = 57 = 0,
is also easily interpreted. viz. calling the distance OP between the given
point and the centre of aberrancy the »adins of aberrancy, and the
recipracal of this (= I) the indexr of aberrancy, we have, easily,
9
[= 375"
3007 (p = 3t
<o that the interpretation Is that the ndex of aberrancy vanishes at every
point of every parabola.

2L he substance of a Lecture given by Francis Galton, F R.S., at the Royal
Institution on Friday evening, May 25, 1888 .
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frequentiy chafed under the sense of inability to ver-
bally explain hereditary resemblances and types of
features, and to describe irregular outlines of many
different kinds, which I will not now particularize. At
last 1 tried to relieve myself as far as might be from
this embarrasment, and took considerable trouble, and
made many experiments. The net result is that while
there appear to be many ways of approximately effecting
what is wanted, it is difficult as yet to select the best of
them with enough assurance to justify a plunge into a
rather serious undertaking. According to the Trench
proverb, the better has thus far proved an enemy to the
passably good, so I cannot go much into detail at present,
but will chiefly dwcll on general principles.

Measure  of Resemblance. — We recognize different
degrees of likeness and unlikeness, though I am not
aware that attempts have been as vet made to measure
them. This can be done if we take for our unit the /Jeas/
discernible difference.  The application of this principle to
irregular contours is particularly easy. Fig. 1 shows two
such contours, A and B, which might be meteorological,
geographical, or anything else. They are drawn with firm
lines, but of different strengths for the sake of distinction.
They contain the same area, and are so superimposed as to
lie as fairly one over the other as may be. Now draw a
broken contour which we will call C, equally subdividing
the intervals between A and B; then C will be more like
A than B was. Again draw a dotted contour, D, equally
subdividing the intervals betw:en C and A ; the likeness of
D to A will be againcloser. Continue toact on the same
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principle untila stageis reached whenthe contourlastdrawn
1s undistinguishable from A. Suppose it to be the fourth
stage ; then as 2' = 16, there are 16 grades of least-discern-
ible differences between A and B. If one of the contours
differs greatly in a single or few respects from the other,
reservation may be made of those peculiarities. Thus, if
A has a deep notch in its lower right-hand border, we
might either state that fact, and say that in other respects
it differed from B by only 16 grades of unlikeness, or we
might make no reservation, and continue subdividing
until all trace of the notch was smoothed away. Itis
purely a matter of convenience which course should be
adopted in any given case. The measurement of resem-
blance by units of least-discernible differences is applicable
to shades, colours, sounds, tastes, and to sense-indications
generally.  There is no such thing a$ infinite unlikeness.
A point as perceived by the sense of sight is not a
mathematical point. but an object so small that its
shape ceases to be discernible. Mathematically, it
requires an infinitude of points to make a short line;
sensibly, it requires a finite ‘and not a large number of
what the vision reckons as points, to do so. If from thirty
to forty points were dotted in a row across the disk of the
moon, they would appear to the naked eyes of maost
persons as a continous line.

Description within Speciied Limits.—]1t is impossible to
verbally define an irregular contour with such precision
that a drawing made from the description shall be undis-
tinguishable from the original, but we may be content with
a lower achievement.
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Much would be gained if we could |

refer to a standard collection of contours drawn with
double lines, and say that the contour in question falls
between the double lines of the contour catalogued as
number so-and-so. This would at least tell us that none
of the very many contours that fell outside the specified
limits could be the one to which the description applied.
It is an approximate and a negative method of identifica-
tion. Suppose the contour to be a profile, and for sim-
plicity’s sake let us suppose it to be only the portion of
a profile that lies below the notch that separates the brow
from the nose and above the parting between the lips,and
such as is afforded by a shadow sharply cast upon the wall
by a single source of light, such as is excellently seen when
a person stands side-ways between the electric lantern and
the screen in a lecture-room. All human profiles of this
kind, when they have been reduced to a uniform vertical
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scale, fall within a small space. I havetaken those given
by Lavater, which are in many cases of extreme shapes,
and have added others of English faces, and find that
they all fall within the space shown in Fig. 2. The
outer and inner limits of the space are of course not
the profiles of any real faces, but the limits of many
profiles, some of which are exceptional at one point and
others at another. We can classify the great majority
of profiles so that the whole of each class shall be in-
cluded between the double borders of one, two, or some
small number of standard portraits such as Fig. 3. I am
as yet unprepared to say how near together the double
borders of such ctandard portraits should be; in other
words, what is the smallest number of grades of un-
likeness that we can satisfactorily deal with. The process
of sorting profiles into their proper classes and of gradually
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building up a well-selected standard collection, is a
laborious undertaking if attempted by any obvious way,
but I believe it can be effected with comparative ease on
the basis of measurements, as will be explained later on,
and by an apparatus that will be described.

Classification of Sets of Measures.—Prisoners are now
identified in France by the measures of their heads and
limbs, the set of measures of each suspected person being
compared with the sets that severally refer to each of many
thousands of convicts. This idea, and the practical appli-
cation of it, is due to M. Alphonse Bertillon. The actual
method by which this is done is not all that could be
theoretically desired, but it is said to be effective in action,
and enables the authorities quickly to assure themselves
whether the suspected person is or is not an old malefactor.
The .primary measures in the classification are four—
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