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greatest effect observable in the differences of the earth's mag
netism? 

Third : Are the sun-spots caused by clouds or curtains out
side, and hiding the apparent surface of the sun, or are they 
deep cavities through the same? STEPHEN \V. ALLEN 

Boston, U.S.A., March 27 

Metachromism 
I REFRAIN from replying to Mr. Petrie's second ·letter (p. 426) 

until after the appearance of the article to which Mr. Costerus 
refers (p. 427) on" Organic Colour Change." 

In defence of Miller, however, I would just add that on p. 298 
vol. ii. (fifth edition), occur the following words :- " The sodi~ 
dioxide, Na20 2, obtained by igniting sodium in oxygen is of a 
pure white colour." \VM. A CKROYD 

Royal Coll. of Chemistry, South Ken· ington, April 3 

Dr. Klein on the Small-pox of Sheep 
I WRITE this note in order· to inform you that, my attention 

having been directed to some alleged fallacies in some of my 
observations regarding the small-pox of sheep, I am at present 
engaged in reinvestigating the subject. E. KLEIN 

The Brown Institution, April I I 

OUR ASTRONOMICAL COLUklN 
OLJ3ERS' SUPPOSED VARIABLE STAR NEAR 53 VIR

GIN rs.-The only comet detected in the year I 796 was 
found by Olbers in Virgo on the night of March 31. On 
the following evening, at 8h. 55m., apparent time at 
Bremen, it was over a star of the seventh magnitude 
south-following 53 Virginis, and the light of the star 
was remarked to be little affected by the intervention of 
the comet. On March I, I 797, desiring to fix more 
exactly the place of this star, Olbers found in its position 
one of only the tenth or eleventh magnitude, whereas in 
April previous, according to Schroeter, who appear5 to 
have compared the comet with it early on the morning of 
April 2, it was the brightest star in the immediate neigh
bourhood of 53 Virginis, and hence in Olbers' judgment 
" a seventh magnitude at least." Writing to Bode in 
March 1797 he directs attention to this star, as perhaps a 
more remarkable variable star than even x Cygni. The 
circumstances preclude suspicion of a similar phenomenon 
to that described by Piazzi when the great comet of 181 I 
passed over his star XX. 197. 

From the positions of the supposed variable, and its 
neighbours given by Olbers (who also appends a diagram), 
it is evident that his star, which followed 53 Virginis 
3o' 55'' in R.A., 20' 45" to the south, is No. 12,728 of 
Oeltzen's Argelander, a star observed 1851, April 24, and 
noted of the eighth magnitude. For 1876·0 its place is in 
R.A. 13h. 7m. 32s., and N.P.D. 105° 53'7. 

Approximate mean places for 1797, March 1, of several 
stars with which Olbers compared the one in question 
were:-

Olbers' Magnitude. R.A. N.P.D. 
0 , 

(c) 9 194 40 
(a) 7 194 44 105 24 
(d) 11 196 15 10$ I I 

The star (c) is Lalande 24,421, called by him 81; (d) is 
L. 24,597, noted 9 ; but the star (a) is not found either 
in Lalande or Argelander. Its position in Olbers' diagram 
corresponds to the place above assigned. What 1s its 
present magnitude, or is there. some mistake about its 
position? . 

On April J, 1796, the supposed varia~le was cons1de!
ably brighter than the star (a), accordmg to Olbe~s; m 
March 1797, much fainter than (c) and on)y slightly 
brighter than (d) ; he remarked no ~hange m March, 
April, and May. Bode says, on_ Apnl 24 a~d May 12 
and 20 of the same year he saw 1t as a 9·10. In March 
1855 it was fully eighth magnitude or T7• 

1:HE APRIL METEORS.-As the moon will be absent 
dunng the mgbts of the 19th and 20th of the present 
mo.nth, a watch may be advantageously kept for meteors 
which are supposed to move in the path of the first comet 
of 1861 discovered by Mr. Thatcher of New York on 
April 4. At the descending node this comet m ak~s a 
remarkably close approach to the earth's annual track 
the defini~ive o:·bit ca lcu]ated by Prof. Oppolzer, showing 
that at this pornt the distance between the two orbito is 
only 0·00232 of the earth's mean distance from the sun 
01: 214,000 miles; less, therefore, than the moon's mea~ 
distance [rom the earth. The elements are elliptical with 
a revolutH?n of 4 I 5 years, a_n~ this form of orbit we may 
assume with much probability to have been occasioned 
by a near approach of the comet to the earth at some 
dista nt ep~ch._ The descending node is passed 22½ days 
before penhelton passage, and to brino- the comet into 
closest possible proximity to our o-lob~ it is necessary 
that th~ perihelion point should b~ pa;sed on May 12. 
Had this been the case in 1861, the comet would have 
occupied the following positions on its descent towards 
the plane of the ecliptic :- · 

R.A. N .P .D. Distance 
o O from earth. 

March 24·0 269·2 57·4 0700 
April 1·0 270·3 57·0 0·494 

9·0 271·3 57·1 0·281 
I7"0 285 ·2 59·4 0·065 

The true dimensions of the orbit of this comet will be 
defined by the following numbers, which are in units of 
the earth's mean distance from the sun. 

Semi-axis major 55 ·676 
Semi-axis minor 10·083 
Semi-parameter .. . I ·826 
Perihelion distance ... 
Aphelion distance 

0·921 
1!0°1!30 

PROF. HUXLEY'S LECTURES ON THE EVI
DENCE AS TO THE ORIGIN OF E XISTING 
VERTEBRATE ANIMALS 1 . 

IV. 

THE crocodiles form ~he highest group of existing 
reptiles ; they are higher than lizards as a steam

vessel is higher than a sailing-ship ; for, while built essen
tially on the same lines, and exhibiting altogether the 
same _fundamental structure, they are in some respects 
peculiarly modified, and that always in the direction of 
greater complexity. 

Besides the characters of the skull mentioned in the 
last lecture, they are distinguished from lizards by having 
a four-chambered heart, one in which the separation of 
the v~ntricle into _two distinct cavities is completed, so 
that, rn the heart itself, the blood from the lungs is kept 
separate from that returned from the body generally. A 
mixture, however, takes place subsequently, through an 
aperture between the two aortre, one of which sprino-s 
from each ventricle. 

0 

Crocodiles are found in Central America India Africa 
and Australia. Of the many species, the greater 'numbe; 
are short-snouted ; the fish-eating Gavial of the Ganges 
on the other hand, has an extremely long and narro~ 
snout. 

All the existing crocodiles are fresh-water or estuarine 
animals, but, fortunately, this was not the case with the 

_ ancie_nt forms, many of which were ~xclusively marine, 
seemmg, so to say, to take the place m the sea of their 
own epoch, of ~ur porpo~ses and dolphins. 

Besides Tertiary species, crocodiles are found in the 
Chalk, Oolite, U~s, _ and Trias often in the best possible 
state of preservatwn ; they therefore extend back to the 
very commencement of the Mesozoic epoch. . 

1 A course of six _lcctu!_es to wOrking ~en, delivered in the theatre ~£ the 
Royal School of Mines. Lecture -IV., Ma,ch 20. Continued from p. 430_ · 
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If we had specimens of all known forms of cr_ocodiles, 
recent and extinct and set to work to classify them 
according to their d~grees of likeness and unlikeness, we 
should find that they naturally fell into three series. 

In the first of these it would be found that the skull 
had all the characters mentioned at the end of the last 
lecture, the posterior nares being small apertures opening 
into the cavity of the mouth behind the pterygoid bones ; 
the vertebr~ would be concave in front and convex be
hind ; the two bones composing the shoulder-girdle, the 
shoulder-blade or scapula and the coracoid, would be 
similar in shape, both being long and narrow ; in the hip
girdle, the haunch-bone or ilium would be much cut away 
in front and excavated below, the ischium and pubis 
being both long blade-like bones; and there would be 
seven or eight longitudinal rows of bony plates on the back. 

In the second set we should find the posterior narcs to 
be much larger and placed farther forwards, immediately 
behind the palatine bones, the pterygoids not uniting as 
in the first group. The vertebr~ would be slightly hollowed 
out at each end. In the shoulder and hip girdles there 
would be no important difference from the first group, with 
which also the more minute structure of the limbs would 
correspond closely. A difference would, however, be 
found in the fact of there being not more than two rows of 
plates on the back. 

In the third lieries, we should notice certain very 
striking changes. The posterior narcs would be actually 
as far forward as in a lizard ; neither the palatine nor the 
ptcrygoids uniting in the floor of the mouth ; the vertebr~ 
would be completely amphicrelous or biconcave ; the 
coracoid no longer long and narrow, but expanded and 
rounded like that of a lizard ; the ilium more elongated 
and without the notch on its lower edge; and the ischium 
considerably broadened. As in the preceding group, the 
rows of bony plates on the back would not exceed two. 

Thus we should find that the second group held an 
exactly intermediate place between the first and third, and 
that the third set, in every respect in which it differed 
from the normal crocodilian structure, approached to that 
of lizards. 

It is a very intere5ting point to see how these three 
g roups appear in time. We should find that in the first 
are included all the Recent and Tertiary forms, and that 
there are no indications of the type below the later 
Cretaceous. 

The second group would be found to extend from the 
older Cretaceous down to the Lias ; moreover, a careful 
examination would show that there were lesser modifica
tions among the individual species of a very instructive 
nature; those from the Wealden, for instance, would be 
seen to have the posterior nares farther back (z:e., nearer 
the typical crocodilian position) than those of the middle 
Mesozoic, and these again than those of the Lias. 

The third group woul.d contain exclusively Triassic 
forms, such as the dragon-like Belodon and the Stagono
lepis of the Elgin sandstones. In this latter formation the 
fossils are in a very curious condition ; after the sand 
accumulated round the bodies of the Triasssic animals 
had hardened, water, percolating through the porous rock, 
completely dissolved out the bones, leaving nothing but 
cavities. Thus we have only the remains of remains to 
deal with, but casts taken from the cavities enable us to 
make out, with perfect certainty, even important cha
racters, although there may be hardly a bone left. 

vVe see then, that our third set of forms is the oldest, our 
first the youngest, and the study of crocodilian remains 
seem to show that that has happened in the history of 
croco~iles, which should have happened, if the theory of 
evolution be true. Anatomical characters show that 
cr?codiles are a modification of the lacertian type, and to 
th!s ty~e t_he Triassic species, from which we are cer
tamly Justified_ ~n supposing that existing forms are 
descended, exh1b1t a marked approximation. 

Still we are very far from knowing the whole story : it 
is certainly allowable to a.:;sume that our third group of 
crocodilian forms was evolved from a common stock with 
lizards, but this is as far as the facts of the case will take 
us at present. 

There seems, at first sight, to be something unnatural in 
speaking of birds and reptiles together, for no two ani
mals can be, to all appearance, more unlike. The won
derfully constructed feathers of the one group, compared 
with the scutes and scales of the other, the cold blood of 
the reptile contrasted with the hot fluid which circulates 
through the Yessels of a bird and (raises its body several 
degrees above our own in temperature ; the dumbness 
and general sluggishness of the reptile as compared with 
the vocal powers and the rapid flight of birds ; all these 
compel us to say, and justly so, that nothing can be more 
different than the character of the two classes. 

Even when we go more into details, similar differences 
are apparent. The bird has a small head, set on a long 
flexible neck, and provided with a horny beak in lieu of 
teeth ; its bones are hollow and full of air ; its breast
bone, instead of being a small plate of cartilage, is a 
huge bony plate, usually provided with a large keel for 
the attachment of the powerful muscles of flight ; the 
fore-limb is of no use in progression on the ground, and, 
the body having to be supported entirely by the hind 
limbs, the femora are placed parallel to the long axis of the 
body, instead of almost at right angles to it as in a reptile, 
so that the body is well raised from the ground, and a 
gait the very opposite of a reptile's sprawlmg waddle is 
the result. 

The scapula and coracoid are not so very different from 
the corresponding bones in the lower class ; the humerus, 
ulna, and radius, can also be perfectly well identified, but 
the modification of the distal division of the limb-the 
part answering to the reptile's fore-paw or to our own 
hand-is very great. First come two small bones answer
ing to carpals, then three longer ones all united together, 
which represent the metacarpus, and are followed by the 
rudiments of the phalanges of the three corresponding 
digits. In the ostrich two of these three " fingers" are 
terminated by r.laws, the use of which it is rather hard to 
divine, unless the bird uses them for scratching itself, an 
operation in which a very large portion of the activity of 
the lower animals is taken up. 

The haunch-bone, or ilium, is of enormous size, and 
extends a long way in front of, as well as behind, the 
acetabulum ; in correspondence with this, a great number 
of vertebrre are fused together to form a sacrum of suffi. 
cient size for the attachment of the ilia and ·the support of 
the weight of the body. The ischium and pubis are long 
slender bones, and the latter, as well as the former, is bent 
back, so that they both come to lie nearly parallel with 
the vertebral column. 

To allow of the femur taking up its position parallel with 
the axis of the body, its well-finished globular head is set 
on at right-angles to the shaft ; moreover, its further end 
has a characteristic notch for the reception of the upper 
extremity of the fibula. The shin-bone is provided with a 
large and very characteristic crest for the attachment of 
the strong muscles of the anterior part of the thigh ; its 
lower extremity is pulley-shaped, and, in a young bird, the 
pulley-like end, continued into a tongue of bone running 
up the back of the tibia, can be separated as a per
fectly distinct ossification ; its shaft also is so twisted that 
its two ends come to lie in different planes. 

Following upon the tibia comes a bone with an easily 
separable piece at its upper end, and showing signs of a 
longitudinal division into three separate bones ; this is 
the tarso-metatarsus, and represents the metatarsals and 
all the tarsals except one-the astragalus-which is re
presented by the pulley of the tibia. As a rule there are 
four toes, three of which are turned forwards and articu
late with the tarso-metatarsus, while the fourth, the repre-
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sentative of our hallux or a-reat toe is turned backwards 
and articulates with a sm.tll distin~t bone. 

The heart has four perfectly distinct chambers, so that 
the pure blood from the lungs, and the impure blood from 
t1?e rest of the 1?ody, are kept quite separate. There is a 
smgle aorta which turns to the right side after leavincr the 
heart. 

0 

( To be contimtd.) 

ON SAFETY MATCHES 
THE fact has been known during some years past that 
. . t~e so-called safety matches, which are warranted to 
1gmte only on the box," can be fired by beino- rubbed 
on gl".'_~s, and as Mr. Pre~ce recently pointed out (NATURE, 
vol. ~m: p. 208)_, on_ ebomte. I find ~hat they can be ignited 
by fnct10n agamst ivory (I used an :vory paper-knife), steel 
(a steel spatula, somewhat worn), zmc copper marble with 
the polish worn off, and a freshly-clea'ved surface of slate. 

The .match (or two matches too-ether for the sake of 
strength) sh<?u]d be hel~ ~ear the 

0

tipped end, and then 
be rubbed with strong fnct10n and with a lono- sweep upon 
the soli~ surface. From two 'to twelve such"' sweeps may 
be reqmred before the match ignites, and the result seems 
to be due to the conversion of mechanical work into heat 
sufficient to fire the paste at the end of the match which 
I suppose, consists mainly of potassic chlorate a'nd sul~ 
phide of antimony. 

After a few rub~ the match begins to crackle, and then 
sudd~nly bursts_ 1~~0 flame. A similar result may be 
~btamed by gnnamg the chlorate in a mortar with a 
little sulphur or sulphide. 

The readiness with which the match ignites by friction 
depends greatly on the nature of the surface. Lead is 
too _soft, and tin too SIT.looth. The metals produced by 
rollmg have a sort of skm on the surface over which the 
mat~h glides without sufficient friction, b~t if the surface 
of zmc be rubbed with sand-paper or with a fine file. it 
bec_omes active in firing the match. I noticed that the 
pohsh of my ivory paper-knife became worn before it 
acted well. Nor is it very easy to fire the match on glass. 

long sweep repeated about a dozen times wit,h con
s1dei:able pressure seems to be necessary. The two 
spe~1men~ of_ sheet copper used by me have a sort of 
gram which 1s favourable to the success of the experi
ment .. The copper acted equally well whether the surface 
was _dirty or cleaned with dilute sulphuric acid. After 
rubbmg a match ten or twelve times on zinc, without 
effect, the same match rubbed on copper immediately 
took fire. 

In the case of slate, lead, tin, and some other surfaces 
the composition on the match acts as a polish and thu~ 
renders 1t unfit for ignition. On the other hand a finely
cut file removes the composition from the e~d of the 
match without igniting it. 

I have no. doubt that many other surfaces might be 
found on which_ the safety matches would ignite with 
~rea~er or less difficulty. Notwithstanding this, the match 
1s still a ?~fety match, although it does not comply with 
the cond1t10ns asserted twice over on the box. It does 
not ignite readily on any of the surfaces pointed out except 
copper and marble, but it does ignite with wonderful 
~acilit)'. when. rubb_ed against the side of the box, an 
mvent1on so mgemous that a few words of its history 
may not be out of place here. 

About the year 18 50 a gentleman entered the laboratory 
of King's College, London, and drew from his waistcoat 
poc~et _fragment of a rough-looking red solid, and, 
placmg 1t m the hands of Prof. Miller asked him if he 
knew what it was. It was handed ro~nd among those 
present, but no one had the slightest idea as to its 
nature, when, to the astonishment of every one the 
gentlema~ said, " It is phosphorus-amorphous phos
phorus, discovered by me, Herr Schrotter, of Vienna." 

Up to this t!me. and indeed for some_ years later, per
sons en~aged :n the manufacture of luc1fers were subject 
to a t~rnble disease, known in the London hospitals as 
"th d. " · f e JaW _1seas_e ; necrosis o the lower jaw induced by 
constantly mhalmg the fumes of phosphorus acid escapincr 
from the phosphorus of the paste with which . th~ 
matches were tipped. 

Ordinary matches made with phosphorus were durino
many _years, dangerous contrivances. They we:e lumt 
n~us m Jhe dark, liable to ignition on a warm mantel
piece, po1~onous; children have been killed by using them 
as playthmgs ; and, moreover, they absorbed moisture 
and became useless by age. ' 

But the chief induc_em~nt in getting rid of ordinary 
phosphorus and subst:tutmg the !1-ew variety was to put 
an end, as far as possible, to the Jaw disease. The red, 
or amorphous ph_osphorus, gave off no fumes, had no 
smell, was no! poiso_nous, and the matches made with it 
were not lumu~ous rn_ the dark; they did not fire on a 
warm mantelpiece, did 1:ot contract damp, and would 
keep for any length of t1tne. A manufacturer, in 185r, 
sent me several samples of matches made with red phos
phorus. I found some. of th;se matches the other day, 
and they were as active, a,ter twenty-five years as 
at first. . ' 

_But h~re was a diffic~lty. W~en the red phosphorus is 
'.Jrought _mto contact with potass1c chlorate a slight touch 
1s sufficient to produce an explosion in which the red 
phosphorus reassumes its ordinary 'condition. Many 
attempts were made to form _a paste, and many accidents 
and some deaths occurred m consequence. Prizes and 
rewards were offered by manufacturers and others for a 
safe pa~te, or for some means of using the red instead of 
the ordmary phosphorus, but without success, so that the 
patent for the manufacture of red phosphorus which was 
secured by Mr. Albright, of Birmingham in /s51 threat-
ened to be of but little value. ' ' 

At length the happy idea occurred to a SNedish manu
facturer not to attempt to make a paste at all with the red 
phosphorus, but to make the consumer brino- tbe essen
tial ingredients together in the act of igniting°the match. 
. Mr. Preece's suggestion that the ignition of the matches 
is due to electricity, may be dismissed in the face of the 
following experiment :-Place a few grains of red phos
phorus on a har~ surface together with some powder or a 
crystal of potassic chlorate, when a gentle tap will cause 
them to burst into a flame. C. TmILINS0N 

1VOTES FROM SIBERIA 

THE following Siberian notes are furnished me by a 
Polish gentleman resident at Irkutsk. The dates 

mentioned follow the Old System, as in Russia, and are 
twelve days behind our own dates. The letter is dated 
the 10th of February. My informant says;-

" Some time ago Mr. Czckanofski returned from his 
second expedition to the most northern parts of Siberia 
by the Olensk River. He went as far as its mouth and 
t~e extraordinarily warm autumn gave him the opp~rtu
mty to make very interesting explorations. Till the 
month of September there was no frost nor snow and 
the sea not frozen. The same is reported by Mr. Neu
mann, who returned lately from the Behring Strait. It 
may be that these exceptional climatical conditions 
allowed also Mr. N ordenskjiild's entering the mouth of 
the Jenessei. The exploration in the Achinsk country of 
a cav~rn situated now some thirty fathoms above the bed of 
the nver gave to Mr. Tskersky 1 a fine collection of well
cc:mse~ved fossils of_ extinct species. Mr.-Tskersky occu
pies himself now with the description of the Tunka Alps 
which he believes to be the former boundary of Lak~ 
Baikal, as he found there the fossils of the crab and 

1 The Curator of the Museum at Irkutsk.-G. F. 
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