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millions of population, is exceeded by the United
States in the millions of acres cultivated, and in the
bushels of cereals produced. Yet, notwithstanding
this, the total value of the farm products of this re-
glon far exceeds that of the United States at the pres-
ent time.

THE MEASUREMENT OF RESEMBLANCE.*
By SR FRANCIS GALTON. -

AT the distance of a few scores of paces the human
face appears to be & uniform reddish blur, with no sepa-
rate features, On a nearer approach specks begin to
be seen, corresponding to the eyes and mouth. These
gradually increase in distinctness, until at about thirty
paces the features become so clear that & hitherto un-
known person could thereafter be recognized with
some assurance. There 18 no better opportunity of
obsérving the effects of distance in confounding human
faces than by watching soldiers at a review. Their
dress is alike, their pose is the same, the light falls
upon them from the same direction, and they are often
jmmovable for considerable time. It is then notice
able how some faces appear indistingnishable at dis-
tances where grest diversity ls apparent in others, and
the rudely-defined idea will be justified that the dis-
tance at which two faces are just mistakable for an-
other might serve as a trustworthy basis for the meas-
urement of resemblance. The same may be sald of
obscurity, of contused refractions, and of turbld media;
hut I shall confine myself almost wholly to the effects
of distance under the conditions of ample light and a
transparent atmosphere. Beyond this [ shail say noth~
ing, except in one paragraph almost at the end.

The scale of the features has, of course, to be taken
into account. This is of much less importance in Hv-
ing persons than in portraits, because the differences
in scale of the adult human face are not very great,

whereas those in photographs and paintings—ranging -

as they do between minjatures and life-sized por-
traits—are so. It 1s necessary to adopt & facial unit,
based on some specified dimension. That which I use
is the vertical distance between the middle of the line
that jofng the pupils and the parting of the Mps. It is
unaffected by head-dress or by the thickness of the hatr
on the top of the head, while its lower termination can
be Jocated in a bearded face more sccurately than the
chin, I call this u. If the portraits have different
units, they are distinguishable as » and %’ If d and
& e the critical distances at which mistakability frst
oceurs, then u/d and «'/d’ are necessarily equal, and
cither of them would serve as a measure of mistak-
ability; but as u is very much smaller than d, this
fraction would always be a decimal preceded by one or
two zeros. Therefore, I take the index of mistakabil-
ity, which 1 will call N, as ==1,000 u/d. 1t is, how-
ever, convenieat to measure % and @ by different acales;
4 in millimeters, distingulshing it as uw; d in centl-
meters, distinguishibg it ag d., Then N=100 un /de

Of course, N could be expressed by the arc or angle
of which u/d is the chord, but it would be a round-
about method, as angles could not be measured directly
without special and troublesome apparatus. 1 find it
very convenient for my purposes 1o employ a nomen-
clature for chiorde-based on that of the metrical system,
d, the distance, being the radius or “rad.” 8o a chord
=1/100' becomes a “centirad,” snd that =1/1,000 a
“millerad,” A centirad is the cord of 34.4 minutes of
a degree, and, therefore, a trifle larger than the appar-
ent diameter of the sun or moon. It is equal to the
apparent gize of one-tenth of an jach at 10 inches dls-
tance from the eye, which is a convenient distance for
reading small type. A millerad which subtends be-
tween three and four minutes of a degree, and Is
equivalent to 1/100 of an inch seen at 10 inches, 1s as
small an interval as can usually be detected in photo-
graphs without scrutiny, though & normal eye ig able
to distinguish one-third or even one-fourth of that in-
terval between sharply deflned objects.

Mistakability is only an approximate measure of re-
semblance, for it depends more on the scale of the dls-
tinguishing features than on the amount of difference
-of those features. This peculiarity is well exemplifled,
though greatly exaggerated, by what is seen in the
time-tables hung up by railway stations. From across
the road, say, they all appear alike 2s a shade of uni-
form gray. On approaching nearer, differences are
observed in the headlines; nearer still, varleties in
paragraphing come into sight, and at 2 teading dis-
tance the figures are all simultaneously distinguisbable.
This experience is partly, but only partly, applicable
to human faces. Those that are alike are certainly
distinguishable at shorter distances than unlike ones,
and 1 notice no excessive clustering of values closely
around particular values of N in my results, which
there would he if mistakability slways occurred near
a particular stage, such as that at which the whites
of the eyes cease to be visible, or at twice or three
times that distance.

A strong llkeness in small detalls may so dominate

the perception that a want of likeness in larger fea-
tures is overlooked. Here the dlstance of maximum
mistakability will be small, the portraits appearing
more unlike when removed further off, and the small
details cease to be visible. Extreme cases of partial
likeness, whether in contouf or in_ detail, would, of
course, be noted and allowed for. With these exXcep-
tions the index of mistakability appears {0 be a fair,
even, ag | think, a close, spproximation to an index of
resemblance when the quality of the observed ‘likeness
is recorded by appropriate letters, as will be described
later on.

The observational value of mistakability lies m its
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asking a simple question which different persens would
answer in the same way, when they had become fa-
miljar with the method. On the other hand, likeness
includes mutunal suggestidility, a highly complex per-
ception dependent on the mind of the observer, and
consequently appreciated differently by different ob-
gervers, as {8 notoriously the case.

The apparatus I now use with ordinary photographs
acts very well, but I wasted much time before I con-
trived it, and more before sending it to be made in a
workmaniike manner. I think it could still be im-

proved, so 1 will describe, not my own, but such as I

should order if 1 required another one.

1t iz a long, thin, Hght body or framework 6% feet
(2 meters) long, 10 inches (25 centimeters) wide, and
2 inches (5 centimeters) deep, which admits of being
divided for sake of portability. It stands on two fold-
ing supports 21% feet apart, which fold back when out
of use; when in use they can be clamped to any ordi-
pary table. These ralse the long boX in a sloping posi-
tion, the end toward the eye being at the most conven-
ient height for a person seated on a chair, but the fur-
ther end being lower, because it is easiest {o look some-
what downward, Two rollers, A and B (Figs. 1 and
2), run independently on a horizontal axis at one end
of the box, and two corresponding ones, a and b (Fig.
2) at the other end. A light sledge that sildes on the
top of the box ig harnessed in front to a tape gradu-
ated in centimeters, which passes over and round 4,
back to and around a, and thence forward to the back
of the sledge. (By Inadvertence the path of the tape
between the lower margins of A and a has been omitted
in Fig. 1. The reader might dot it with a pencil) A
sim{lar_sledge and tape is adapted to B and b. The
tapes lle half an inch ahove the bax (Fig. 1), and can
be manipulated by the hande severally, so either or
both sledges can be easily pulled elther backward or
torward while sitting in the chair, and their distances
from the rollers at any moment be read off on the
graduated tapes. (A winch and handle are super-
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fluous.) The photos are mounted on two easily de-
tachable standards (Figs. 1 and 2), with clips at the
bottom to bold them (not shown in the diagram), and
standing on clrcular bages. These fit quite loosely inte
shallow hollows in the tops of the sledges. The stan-
dards can be lifted out, the photographs inserted, .and
the whole replaced with perfect ease. The circularity
of the bases of the standards enables either of themi to
be met & little askew, which is convenient when the
broad, full face of one portrait has to be compared with
the nparrowed, three-quarter face of another. A board
stands vertically across 4 and B, and above them as
a bridge. An eyeslit of half an inch width runs be-
low its upper edge (Figs. 1, 3, and 4), through which
the photos are viewed, and from which the distances
of the sledges are reckoned. A ledge one inch below
the eye-slit (Fig. 1), with a parapet a little less than
one inch, forms a long, narrow groove into which light
rectangular frames of wood, each with a gpectacle lens
in it, can be slipped and will stand upright (Figs. 1
and 4). 1 chiefly use lenses of 12, 24, and 48 inches;
my eve can accommodate its focus to intermediate dis-
tances, but T possess others which are sometimes Serv-
jceable. Younger persons with normal eyesight would
want 1o lenses at all. The length of the hox suffices
for cabinet-size photos. An opera glass reversed en-
ables it to be used with larger ones, the minifying
power of the opers glasses at various short distances
having been ascertained. "

Mutual mistakability may occur under any one or
more of the following conditions, which are to be noted,
together with further remarks:

aa. The portraits are apparently exact coples or re-
ductions on different scales.

¢. They appear to be portraits of the same person
at about the same age, though differing in pose and
dress.

b. They would be mistaken for portraits of the
game person, even though they differ in sex and consid-
erably in age, if the hair had been cut and dyed alike,
and the dress arranged in the same way.

¢, As shove, if much disgulsed, as for theatrical
personatlons.

b—c. Applles to cases intermediate between b and ¢
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P. Their resemblance iz partial only, belng con-
fined to special features.

The following little table saves trouble in operating;
my own {8 more extended:

Va'ues of d, In terma of N and of 4, ( 4= Rtn )
BE]

g

N -

1 8 3 4] 5 8 1 8 e i
5 (20 (4 {6 | B3 300 120 |10 | 160 1150 )20
75| 18 | 80 [ 45 | 60 | 75 | 80 | 105 (120 | 185 | 150
1901 10 1 %0 ) 30 ) 40 ) 80 ) 80 | 70 | BO | 80 | 10D
15 7 (1622 [0 |8y |4 166617
2 5110 16| 20 0| 35| 40 | 45 | 50
20 6] 8|12 | 16| 03 2| ! 22 | 86 | 40
The procedure adopted after many trials was to

measure the us of each portrait to the nearest balf-
millimeter. and to write it below. Then to mount the
two portraits, each on a separate sledge if their facial
units differed, otherwise on the same. When they dif-
fered, the facial unit of the one about to be useg for
d. wase distinguished as ua, the other was in brackets
as (u'm) Next, after referring to the above table, to
‘gsend them to their respective d. for N =5, to consider
them carefully, and to note the result. Then to do the
same for N=10, and go on, until the eye became
familiarized with the differences between the portraits.
Finally, guided by these provisional attempts, to fix on
the guitable index and letter, adding such remarks as
may seem wanted.

I became gradually more consistent in judgment, as
ascertained by comparing the results on different days,
but have felt all along that it would conduce to trust-
worthiness if two or more companions worked together
and criticised one another, and recorded their common
verdict.

A very brief example will suffice. Usually an entry
congists of more lines followed by general remarks.

Two Sieters, Registers (g0 and 80).
ttpy = BB (W = 95,

N d, ‘ Character of Likenes.
5 h 170 b
10 8 Neallyb
e |
After tria's. 115 ! Jua b
Accept N(b) = S0 = 7.4
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1 will add a few words on dealing with mistakability
caused through obscurity or other hindrances to clear
vision. I prepared test cards, each contazining numer.
als printed in different types, and, having ascertained
by experiment the value of d. for each kind of type
when just able to read it in a clear light, wrote that
value boldly by its side. An appropriate test card was
put by the side of the portraits, and at the time when
the portraits themselves were just mistakable, the writ-
ten d. of that row of flgures which were just unread-
able, was noted. The value of d. remains constani
whatever be the character or amount of the optical
hindrance. If the hindrance Increases, the portralts
and the accompanying test card must be brought nearer
to the eye. They increase simultaneously in legibility.
The written d. will always show what the d. would
be in a clear lght.

The applications of the process are NUMErous, as
must always be the case when a hitherto vague percep-
tion is brought within the grip of numerical precision.
To myself it hag the especial interest of enabling the
departure of individual features from a standard type
to be expressed numerically. The departure may be
from 2 composite of their race, or from a partieular
individual. The shortcomings of a pedigree animal
from a highly distinguished ancestor could be meas-
ured in this way. Many other examples might be
glven,

ARE CRYSTALS ALIVE?

A COMMUNICATION of unususl interest was made by
Prof. O. Lehmann st the last Congress of German
Physicians and Physicists at Stuttgart.* It refers to
some new and striking analogies between the devel-
opment and characteristics of crystals and those of
the lowest living organisms, and demonstrates the fact
that no hard and fast line of demarkation can be
drawn. This has been suspected by Haeckel for some
time past. That ice crystals {mitate vegetable forms
18 known to every child. . That they grow we all know.
They have also a certain recuperative power, and they
require a nucleus or germ to start their growth. They
have, in addition, a power of absorbing foreign sub-
stamces, ag when salammoniac crystals absorb chloride
of iron from a solution, and become darker than the
golution itself. In the course of the process they “pol-
gon” themselves, and their growth hecomes very fir-
regular and imperfect.

But one essential difference remains. Animals are
semifluid, or partly so, whereas crystals are gupposed
to be essentially solid bodies. This supposition now
no longer holds good, for Prof. Lehmann and .Bome
other chemists have ded in producing truly
Haquid crystals, Of these about fifty varieties have
become known up to the present. The first kind dis-
covered consisted of a modification of silver lodide

* See Physikaltsche Zeitechrifs, November 1. 1606




