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THE last Bulletin de !a Societe de Geograplzie ( re' Trimestre, 
I885), contains a paper by M. de Mailly-Chalon on a journey 
in Manchuria. With two countrymen he left Peking for New­
chwang, and thence passing to the east of Moukden, through 
Kirin to Ninguta, where the party turned to tb.e south-east 
along the Tiumen, towards the ocean, and reached Vladivostock. 
The journey the whole way was along the Corean frontier. 
Leaving VI.adivostock the travellers crossed Siberia to Tomsk, 
from which they went to Samarkand. From this point the story 
of the journey is taken up by another member of the party, 
Baron Benoist-Mechin, whose paper on the journey across 
Turkestan succeeds M. Mailly-Chalon's. This journey led them 
from Samarkand through Karshi, to Bokhara, thence to the 
Amou·Darya at Charjui. They followed the river then down 
to Petro-Aiexandrovsk, whence they deviated to Khiva. From 
the latter town they retraced their steps up the river, and from 
Kurgan-Chin started across the to Merv, and so to 
Sarakhs and Persian territory at Meshed. The journey, here 
barely in,iicated, lasted two years, i.e. from the departure from 
Japan for Peking to the arrival in Teheran. M .. Rabot writes 
on Nordenskjold's expedition to Greenland, the paper being 
compiled from the Professor's reports to Mr. Oscar Dickson, 
published in the yournal of the Swedish Society of Anthropo­
logy and Geography. M. Charles Huber brings to an end his 
long journeys in Central Arabia, between 1878 and r882, to 
which we have adverted in noticing previous numbers of the 
Bulletin. 

AT the meeting of the Paris Geographical Society on the 7th 
inst., M. Giraud was received with great distinction, and detailed 
his recent travels in Africa. The explorer has received the I 
gold medal of the Society and the Cross of the Legion of 
Honour. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK, 1885, APRIL 19-25 

(FoR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, is here 
employed.) 

At Greenwich on April I9 
Sun rises, 4h. 57m. ; souths, uh. 59m. o·7s. ; sets, 19h. rm. ; 

dec!. on meridian, 11° 20' N. : Sidereal Time at Sunset, 
8h. SJm. 

Moon (at First Quarter on April 21) rises, 8h. Iom. ; souths, 
r6h. 4m. ; sets, 2Jh. ssm. ; dec!. on meridian, IS' 14' N. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. h. m. 

Mercury ... 5 4 I2 44 20 24 IS N. 
Venus 4 57 II 45 18 34 8 47 N. 
Mars 4 36 II 7 17 38 5 21 N. 
Jupiter I2 45 20 2 3 I9* 14 3 N. 
Saturn 7 22 IS 28 23 34 22 3N. 

* lqdicates that the setting is that of the follow lug day. 

Occultations of Stars by the Moon 

April Star Mag. Disap. Reap. 

Corresponding 
angles from ver-
tex to right for 

h. m. h. Ill. 

inverted image 
0 0 

20 A. Geminorum ... 22 59 ... 23 20 I87 2J2 
22 B.A.C. 3122 ... 6! 21 4 22 4 I27 255 
23 .,. Leonis ... 5 18 46 I9 42 I4 290 

24 d Lconis ... 5 23 7 23 58 135 2J8 
Phenomena of /upiter' s Satellites 

April h. m. I April h. m. 
20 I 12 I. tr. ing. 22 2 24 III. ace. disap. 

22 I9 I. occ. disap. 20 I4 I. eel. reap. 
21 I 45 I. eel. reap. 23 2 28 II. occ. disap. 

19 39 I. tr. ing. 24 20 34 II. tr. ing. 
21 59 I. tr. egr. 23 30 II. tr. egr. 

25 19 55 III. tr. egr. 
The Occultations of Stars and Phenomena of Jupiter'H Saldlites are such 

s are visible at Greenwich. 
April h. 

I9 

22 
23 

3 
I9 

Saturn in conjunction with and 4° I' north 
of the Moon. 

Tupiter stationary. 
Jupiter in conjunction with and 4° 37' 

north of the Moon. 

ON A REMARKABLE PHENOMENON OF 
CRYSTALLINE REFLECTION' 

Introduction. 

IN a letter to me, elated March 29, I854, the late Dr. W. 
Bird Herepath enclosed for me some iridescent crystals of 

chlorate of potash, which he thought were worth my examin­
ation. He noticed the intense brilliancy of the colour of the 
reflected light, the change of tint with the angle of incidence, 
and the apparent absence of polarisation in the colour seen by 
reflection. 

The crystals were thin and fragile, and rather small. I did 
not see how the colour was produced, but I took for granted 
that it must be by some internal reflection, or possibly oblique 
refraction, at the surfaces of the crystalline plates that the light 
was polarised and analysed, being modified between polarisation 
and analysation by passage across the crystalline plate, the 
normal to which I supposed must be sufficiently near to one of 
the optic axes to allow colours to be shown, which would 
require no great proximity, as the plates were very thin. To 
make out precisely how the colours were produced seemed to 
promise a very troublesome investigation on account of the 
thinness and smallness of the crystals : and, supposing that the 
issue of the investigation would be merely to show in what 
precise way the phenomenon was brought about by the oper­
ation of well-known causes, I did not feel disposed to engage in 
it, and so the matter dropped. 

But more than a year ago Prof. E. J. Mills, F.R.S., was so 
good as to send me a fine collection of splendidly coloured 
crystals of the salt of cons.iderahlc size, several of the plates 
having an area of a square inch or more, and all of them being 
thick enough to handle without difficulty. In the course of his 
letter mentioning the despatch of the crystals, Prof. Mills 
writes : "They [the coloured crystals] are, I am told, very 
pure chemically, containing at most o ·I per cent. foreign matter. 
They are rarely or two perhaps now and then in 
a large crystallisation . . . I have several times noticed that 
small potassic chlorate crystals, when rapidly forming from a 
str"ng solution, show what l suppose to be interference colours ; 
but the fully formed crystals do not show them." 

Some time later I was put into communication with Mr. 
Stanford, of the North British Chemical vVorks, Glasgow, 
from which establishment the crystals sent me by Prof. Mills had 
come. Mr. Stanford obligingly sent me a further supply of these 
interesting crystals, and was so kind as to offer to try any 
experiment that I might suggest as to their formation. 

On viewing through a direct-vision spectroscope the colours of 
the crystals which I had just received from Prof. Mills, the first 
glance at the spectrum showed me that there must be something 
very strange and unusual about the phenomenon, and determined 
me to endeavour to make out the cause of the production of 
these colours. The result of my examination is described in 
the present paper. 

Section Physical It will 
be necessary to premise that chlorate of potash belongs to the 
oblique system of crystallisation. The fundamental form may be 
taken as an oblique prism on a rhombic base, the plane bisecting 
the obtuse dihedral angle of the prism being the plane of sym­
metry. Rammclsberg denotes the sides of the prism by P, 
and the base by C, and gives for the inclinations of the faces 
PP=I04° 22' and CP = 105° 35'. The face C, which is perpen­
dicular to the plane of symmetry, is so placed as to bring three 
obtuse plane angles together at two opposite corners of the 
parallelepiped. The salt usually forms flat, rhombic or hexagonal 
plates parallel to the C plane, the edges of the rhombus being 
parallel to the intersections of the P faces by the C plane, and 
the hexagons being formed from the rhombic plates by truncating 
the acute angles by faces parallel to the intersection of the C 
plane by the plane of symmetry. 

The plane angles of the rhombic plates, calculated from the 
numbers given by Rarnmelsberg, are 100° 56' and 79° 4', while 
the hexagonal plates present end-angles of 100° 56' and four 
side-angles of 129° 32'. These angles are sufficiently different 
to allow in most cases the principal plane of a plate, or even of 
a fragment of a plate, to be determined at once by inspection. 
But in any case of doubt it may readily be fouwl without break­
ing the crystal by examining it in polarised light. There are 

.r Paper read at the Royal Society on March 19 by Prof. G. G. Stokes, 
lvl.A., Sec. R.S., Lucasian Professor of I\1athematic:5 in the University of 
Cambridge. 
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good cleavages parallel to !he two P planes and to the C 
plane. The crystals are very commonly twinned, the twin 
plane being C. 

2. If one of the brilliantly coloured crystals be examined by 
reflection, and turner! around in its own plane, without altering 
the angle of incidence, the colour disappears twice in a 
plete'revoluliun. The vanishing positions are those in which 
the plane of incidence is the plo.ne of symmetry. The colour is 
perhaps most vivid in a perpendicular plane; but for a very 
considerable change of azimuth from the perpendicular plane 
there is little variation in the intensity of !he colour. There is 
no perceptible change of tint, but on approaching the plane of 
symmetry the colour gets more and urorc: drowned in the white 
light reflected from the surface. 

3· If instead of altering the azimuth of the plane of incidence 
a plane be chosen which gives vivid coloar, and the angle of 
incidence be allered, the colour changes very materially. If we 
begin with a small angle the colour begins to appear while the 
angle of incidence is still quite moderate. "What the initial 
colour is, varies from one crystal to another. As. we increase 
the angle of incidence the colour becomes vivid, at the same lime 
changing, and as we continue to increase the angle the change of 
colour goe':i OIL The chnngc is always in the order of increasing 
refrangibility; for example, from red through green to blue. 
Not unfreqttently, however, the initial tint 1nay be green or hluc, 
ancJ on approaching a grating incidence may get red or even 
yellow mixed with the i>ille, as if a second order of colours were 
commencing. 

4· The colours arc nol in any way due to absorption ; the 
transmitted light is strictly complementary to the reflected, and 
whatever is missing in the reflected is found in the transmitted. 
As in the cA.sc of Newton's rings, the reflected tints arc much 
more vivid than the transmitted, though, as will presently appear, 
for a very di rrcrent ree>son. 

5· As Dr. remarLed to me long ago, the colonrc.! 
light is not polar;sed. It is proclncerl indifferently whether the 
incident light be C011ll110Il light or light in any planf', 
and is seen whether the reflected light be viewed directly or 
through a Nicol's prism turned in any way. The only <lifkrence 
appears to be that if the incident light l>c pobriscrl, or the 
reflected light analysed, so as to furnish or retain light polarised 
perpendicubrly to the plane of incidence, the white light 
reflected from the surface, which to a certain extent masks the 
coloured light, is more or less got riel of. 

6. The character of the spectrum of the reflected light is 
most and was wholly unexpected. A direct-vision 
hand spectroscope was user! in the observations, and the crystal 
was generally examined in a direction roughly perpendicular to 
the plane of symmetry; lmt it is shown well through a wide 
range of azimnt h of lhe plane of incidence. No two crystals, 
we may say, are alike as to the spectrum which they show, but 
there are certain features common to all. The remarkable 
feature is that there is a pretty narrow band, or it may be a 
limited portion of the spectrum, but still in general of no great 
extent, where the light suffers total or all bul total reAeclion. 
As the ang'e of incidence is inerea-'<::<1, these bands move rapidly 
in the direction of ir:r.rca,ing refrangibility, at the same time 
increasing in width. The character of the spectrum gradually 
changes as the angle nf inciclcnce io increased ; for example, a 
a single band may rlivirlc into two or three bands. 

The bands are mosl sharply defined at a moderate angle of 
incidence. \Vhen the angle of incidence is considerably in­
creased, the bands usually get somewhat vague, at least towards 
the erlgcs. 

7· The commonest kind of spectrum, especially in crystals 
preparerl on a small scale, which will be mentioned presently, is 
one ohowing only a single l>right band ; anrl l will rlcscribe at 
greater length tllC phenomena presented in this ca,e. 

Whm the angle of incidence is very small, the light reflected 
from the reflecting surfaces (>f the crystal shows only a continuous 
spectrum. As the angle of incidence is increased, while it is 
still quite moderate a very narrow bright band shows itself in 
some part of the spectrum. The particular part varies from one 
crystal to another ; it may be anywhere from the extreme rerl to 
the extreme violet. It stamls out by its greatly superior bright­
ness on the general ground of the continuous spectrum, and 
when it is fully former] the reflection over the greater part of it 
appears to be total. The appearance recalls that of a bright 
band such as the green band seen whe11 a calcium salt, or the 
orange band seen when a strontinn1 salt, is pul into a Bunsen 

flame. The bright Land is frequently accompanied right and 
left by maxima and minima of illumination, forming bands of 
altogether subordinate importance as regards their illumination. 
Sometimes these seem to be absent, ancl I cannot say whether 
they are an essential feature of the phenomenon, which some­
limes fail to ]Je seen because the structure on which the bands 
depend is not quite regularly formed, or whether, on the other 
hand, they are something depending on a different cause. 

Disregarding these altogether subordinate bands, and taking 
account of the mean illnmination, it seems as if the brightness 
of the spectrum for a little way right aud left of the bright band 
were somewhat less than that at a greater distance. 

Vlhen the main lxmd occms at either of the faint ends of the 
spectrum, it is visible, by its superior brightness, in a region 
which, as regards the continuous spectrum, is too faint tn be 
seen, am! thus it appears separated from the continuous spectrum 
by a dark inlct·val. 

\Vhen the angle of incidence is increased, !he band move> in 
tlre direction of increasing refrangibility, and at the same time 
increases mpidly in breadth. The increase of breadth is far too 
rapid to be accounted for merely as the: result of a different law 
of separation of the colours, which in a diffraction spectrum 
would be separated approximately according to the squared 
reciprocal of the wavc·length, while in bands depending on 
direct interference the ph:tsc of illumination would change 
according to the wave-length. 

8. Tl1c transmille<l light l1eing complementary to the incident, 
we have a dark bam! in the tr:w,milted answering to the bright 
band in lhc reflected. [n those crystals in which the hand is 
bcot f<Jml("d, it a ppcars as a narrow black band even in bright 
light. \Yhen the band first appears as we recede from a 
normal inciclence it is extremely narrow, but it rapidly inCl·eases 
in as the angle of incidence is increa,crl. 

g. Some of the general features of the phenomenon were 
prettily shown in the following experiment :-

Choosing rr crystal in which the bright hand in the reflected 
lii!ht began to appear, as the iocitlence was increo.c.ed, on the 

side of the line D, so lhal on continuing to increase the 
incidence it pnsserl through the place of the line D before it 
had become of any great width, I viewed through the crystal a 
sheet of white paper illuminated by a soda flame. A dark ring 
was seen on the paper, whieh was circular, or nearly so, and was 
interrupted in two places at opposite extremities of a diameter, 
namely, the places where the ring was cut by the !'lane of 
symmetry. The light of the refrangibility of D was so nearly 
cxcludcrl from the greater part of the ring that it appeared 
nearly bbck, though slightly bluish, as it \\as illuminated by the 
feeble radiation from the flame belonging to refrangibilities other 
than those of the immediate neighbourhoud of D. The ends 
of the two halves of the 'ing became feelJle as they approached 
the plane of symmetry. A subordinate comparatively faint ring 
lay in this crystal immediately outside the main one. 

ro. Suspecting that the pmdncti.on of colour was in some 
way connected with twinning, I examined the cleft eclge of some 
of the crystals which happened to have been broken across, anrl 
found that the bright reflection given by the exposed was 
interrupted l>y a \inl', much finer than a hair, running parallel 
to the C faees, which could be easily seen with a watchmaker's 
lens, iC not with the naked eye. This line was dark on the 
illumin:<ted bright >urfacc exposed by cleavage, ::t surface which 
I suppose illuminate(\ by a sonrcc nf light not too large, such a> 
a lamp, or a window at some distance. The plane of incidence 
being suppose(! normal to the intersection of the deavnge plane 
hy the C faces, on turning the crystal in a proper direction around 
a normal to the plane of incidence, the light ceased to be re­
flected from the elcavage surface, and after turning through a 
certain o.ngk, the narrow line which previon,Jy had lwen clark 
was seen lu gli;;ten, indicating the existence of a rellecting 
surface, though it was much too narrow to get a reflected image 
from off it. The direction of rotation required to make the 
fiue line glisten was what it ought to be on the supposition that 
the line line was the cleavage face of an extremely narrow twin 
stratum. 

r r. On examining the fine line un<ler the microscope, it was 
found to be of different thicknesses in different crystals, though 
in those crystals which showed colour it did not vary very greatly. 
On putting a little lycopodium on the cleavage face interrupted 
by the fine line, it was seen that in those crystals which showed 
colour the breadth of the twi11 stratum varied from a little greater 
to a little less than the breadth of a spore. The thickness 
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accordingly ranged somewhere about the thousandth of an inch, 
such being the diameter of the spores. The stratum was visibly 
thicker in those crystals which showed their bright band in the 
red than in those which showed it in the blue. 

I2. That the thin twin stratum was in fact the seat of the 
colour, admitted of being proved by a very simple experiment. 
It was sufficient to hold a needle, or the blade of a penknife (I 
will suppose the latter), close to or touching the surface of the 
crystal while it was illuminated by light coming approximately 
in one direction, suppose from a lamp, or from a window a little 
way off, and to examine the shadows with a watchmaker's lens. 
The light reflected from the crystal comes partly from the upper 
surface, partly from the twin stratum, partly from the under 
surface, which, however, may be too irregular to give a good 
reflection. The twin stratum is much too thin to allow of 
separating the light reflected from its two surfaces in an obser­
vation like the present, and it must therefore be spoken of as 
simply a reflecting surface. Corresponding to the three reflecting 
surfaces are three shadows, where the incident light is cut off: 
(I) from the upper surface, (2) from the twin stratum, (3) from 
the under surface. By examining these shadows in different 
crystals and under varied conditions, it is shown beyond doubt 
that the coloured reflection comes from the twin stratum. 

The conclusion was confirmed by observations made with sun­
light; but the simple method of shadows is quite as good, and 
even by itself perfectly satisfactory. 

I3. Another useful method of observation, not so very simple as 
the last, is the following. A slit, suppose horizontal, not very 
narrow, is placed in front of the flame of a lamp at some 
distance, and an image of the slit is formed by a suitable lens, 
such as the compound achromatic objective of an opera-glass. 
The crystal is placed so as to receive in focus the image of the 
slit, being inclined at a suitable angle, usually in a plane per­
pendicular to the plane of symmetry. The eye is held in a 
position to catch the reflected light, and the images formed by 
the different reflections are viewed through a watchmaker's 
lens. . If the slit be not too broad, the images formEd by 
reflectwn from the upper snrface, from the twin stratum, and 
from the under surface are seen distinct from each other, so that 
the light reflected from the twin stratum may he studied apart 
from that reflected from the upper and under surfaces. 

In this mode of observation it can readily be seen, by turning 
the crystal in its own plane, and noticing the middle image, 
which is that reflected from the twin stratum, how very small a 
rotation out of the position in which the plane of incidence had 
been the plane of symmetry sufii.ces to re-introduce the coloured 
light, which had vanished in that critical posi1ion, which appears 
to be a position not merely of absence of colour, but of absence 
of light altogether; at least if there be any it is too feeble to be 
seen in this mode of observation, though from theoretical con­
siderations we should conclude that there must he a very 
little reflected light, polarised perpendicula:·ly to the plane of 
incidence. 

14. On allowing a strong solution of chlorate of potash in 
hot water to crystallise rapidly, in which case excessively thin 
plates are formed in the bosom of the liquid, I noticed the play 
of colours by reflection mentioned by Professor l\lills as belong­
ing to the crystals in general at an early stage of their growth. 
This, however, proved to be qnite a different and no doubt a 
much simpler phenomenon. The difference was shown by the 
polarisation of the light, and above all by the character of the 
spectrum of the light so reflected, which re.sembled ordinary 
spectra of interference, and did not present the remarkable 
character of the spectra of the peculiar crystals, 

rs. vVhen, however, the whole was left to itself for a day or 
so, among the mass of usually colourless crystals n few were 
found here and there which showed brilliant colours. These 
colours were commonly far more brilliant than those of the 
crystals mentioned in the preceding paragraph, and they showed 
to perfection the distinctive character of the spectrum of the 
peculiar crystals. It wonld have been very troublesome, if 
possible at all, to examine the twinning of such thin and tender 
plates as tho>·e thus obtained by working on a small scale; but 
the character of the spectrum, which is perhaps the most 
remarkable feature of the phenomenon, as well as the depend­
ence of the colour on the orientation, may be examined very 
well ; and thus any one can study these features of the phenom· 
enon, though he may not have access to such fine coloured 
crystals as those sent me by Professor Mills. 

16. A certain amount of disturbance during the early stages 

of crystallisation, whether from natural currents of convection 
or from purposely stirring the solution, somewhat gently so as not 
to break the crystals, seems favourable to the production of the 
peculiar crystals. vVhen the salt crystallised slowly from a quiet 
solution I did not obtain them. 

I 7. As it is easy in this way, by picking out the peculiar 
crystals from several crystallisations, to obtain a good number of 
them, the observer may satisfy himself as to the most usual 
character of the spectrum. It is best studied at a moderate 
incidence, as it] is sharper than when the incidence is con• 
siderable. 

18. The number of coloured crystals obtained by crystallisations 
on a small scale, though very small, it is true, compared with 
the number of colourless ones, was still so much larger than 
Prof. Mills's description of the rarity of the crystals had led me 
to expect, that I at one time doubted whether the simply 
twinned crystals which are so very common, if taken at a period 
of their growth when one component is still very thin, and of 
suitable thickness, might not possibly show the phenomenon, 
though the thin twin was in contact on one face only with the 
brother twin, the other face being in the mother-liquor or in air. 
The circum,tances of reflection and transmission at the first 
surface of the twin plate must be very different according as it is 
in contact with the brother crystal, or else with the mother­
liquor, or air, or some other fluid ; and yet the peculiar spectrum 
was shown all the same whether the crystal was in air, or im­
mersed in the mother-liquor, or in rock oil. However, to make 
sure of the matter I took a simply twinned crystal, and ground 
it at a slight inclination to the C face till the twin plane was 
partly ground away, thus leaving a very slender twin wedge 
forming part of the compound crystal, and polished the ground 
surface. On examining the reflected light with a lens, no colour 
was seen about the edge of the wedge, where the thickness of 
the wedgt tapered away to nothing; and that, although the 
bands seen near the edge in polarised light, which was subse­
quently analysed, showed that had colonrs been producible in 
this way, as they are by a thin twin stratum, they would not have 
been too narrow to escape observation. 

In another experiment a simply twinned crystal was hollowed 
out till the twin plane was nearly reached, The hollowing was 
then continued with the wetted finger, so as to leave a concave 
smooth surface, the crystal being examined at short intervals in 
polarised light as the work went on, so as to know when the 
twin plane was pierced. But though in this case the twin plane 
formed a secant plane, nearly a tangent plane, to the worked 
surface, and near the section the twin portion of the crystal must 
have been very thin for a breadth by no means infinitesimal, as 
was shown by examination in polarised light, yet no colours 
were seen by reflection. I conclude therefore that the produc­
tion of these colours requires the twin stratum to be in contact 
on !loth its faces with the brother crystal. 

I 9· The fact that a single bright band is what most usually 
presents itself in the spectrum of the reflected light, though 
sometimes two or three such bands at regular intervals may be 
seen, seems to warrant us to regard that as the kind of spectrum 
belonging to the simplest form of twin stratum, namely, one in 
which there are just the two twin surfaces near together. The 
more complicatcr1 spectra seem to point to a compound inter­
ference, and tv be referable to the existence of more than two 
twin planes very ncar together ; and in fact in some of the 
crystals which showed the more complicated spectra, and which 
were broken across, I was able to make qut under the microscope 
the existence of a system of more than two twin planes close 
together. Restricting ourselves to what may be regarded as the 
normal case, we have then to inquire in what way the existence 
of t wu twin planes ncar together can account for the peculiar 
character of the spectrum of the reflected or transmitted light. 

Section II.-0/ the Proximate Cause of tlze Phenomenon.-20. 
Though I am not at present prepared to give a complete explan· 
ation of the very curious phenomenon I have clcscribecl, I have 
thought it advisable to bring the subject before the Society, that 
the attention of others may be directed to it. 

That the seat of the coloration i; in a thin twin stratum, arlmits 
I think of no doubt whatsoever. A single twin plane docs not 
show anything of the kind. 

For the production of the colour the stratum must be neither 
too thick nor too thin. Twin strata a good deal thicker than 
those that show colour are common enough ; and among the 
crystals sent to me I have found some twin strata which were a 
good deal thinner, in which case the crystal showed no colour. 
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The more complicated spectra which are frequently observed 
seem referable to the existence of more than two twin planes in 
close proximity. There is no reason to think that the explanation 
of these spectra would involve any new principle not already 
contained in the explanation of the appearance presented when 
there are only two twin planes, though the necessary formul.e 
would doubtless he more complicated. 

Corresponding to a wave incident in any direction, in one 
component of a twin, on the twin plane, there are in general two 
refracted waves in the second component in planes slightly in­
clined to each other, and two reflected waves which alse> have 
their planes slightly inclined to each other, the angle of inclin­
ation, however, being by no means very small, as chlorate of 
potash is strongly double refracting. The planes of polarisation 
of the two refracted waves are approximately perpendicular to 
each other, as are also those of the two reflected waves ; but on 
account of the different orientation of the two components of the 
twin, the planes of polarisation of the two refracted waves are 
in general altogether different from those of the incident wave 
and of its fellow, the trace of which on the twin plane would 
travel with the same velocity. In the plane of symmetry at any 
incidence, and for a small angle of "incidence at any azimuth of 
the plane of incidence, the directions of the planes of polarisation 
of the two refracted waves agree accurately or nearly with those 
of the incident wave and its fellow. In these cases, therefore, 
an incident wave would produce hardly more than one refracted 
wave, namely, that one which nearly agrees with the incident 
wave in direction of po1arisation. In t hesc cases the colours are 
not procluced. It appears, therefore, that their production 
demands !hal the incident wave shall be very detenninately 
divided into two refracted wave.•, accompanied of conrse by 
reflected waves 

It seems evident that the thickness of the stratum affects the 
result through the difference of phase which it entails in the two 
refracted waves on arriving at the second twin plane. But 
whereas in the ordinary case of the production of colour by the 
interposition of a crystalline plate between a polariscr ami an 
analyser, we are concernerl only with the difference of retard­
ation of the differently polarised pencils which are transmitted 
across the plate, anrl not with the absolute retardation, it is 
possible that in this case we must take into account not only the 
difference of retardation for the differently polarised pencils 
which traverse the stratum, but also the absolute retardation; 
that is, the retardation of tbe light rcllcctcd from the second 
relatively to that reflected from the first twin plane. 

21. I have not up to the present seen my way to going further. 
It is certainly very extraordinary and paradoxical that light 
sh: mlcl suffer total or all but total reflection at a transparent 
stratum of the very same su bstancc, merely differing in orient­
ation, in which the light had !Jeen travelling, and that, inde­
pendently of its polarisation. lt can have r.othing to do with 
ordinary total internal reflection, since it is observed at 9uite 
moderate incidences, and only witlzin Ve!Ji nanow limits of the 
angle of incidence. 

RECr:NT PROGRESS IN CHEMISTRY 1 

TIIE progress of chemistry during the last year has been 
siderable, and a great deal of interesting and important 

work has been done. Nevertheless it cannot be said to have 
been a year productive of any very special discoveries. In 
physical chemistry the subjects connected with heat have occu­
pied a good deal of attention, such as the heat of formation of 
chemical compounds, &c. Experiments on the liquefaction and 
solidification of gases by pressure and low temperature haYe also 
been continued, and, in addition to the results which were ob­
tained some time since, we now know chlorine, not only as a 
liquid, but also as a crystalline solid. The same is true of hydro­
chloric acid, ca1·bonic oxide, silicon fluoride-, and assinuretted 
hydrogen. 

Last year I referred to the work which was being done with 
hydroxylamine, am! also mentioned that another analytical re­
agent of equal importance was claiming attention, viz. Emil 
Fischer's phenylhydrazine. The promise of new work which 
this substance gave has been fully realised, and it has proved 
useful, not only as an analytical reagent, but has been the means 
of producing a number of new and important products. 

Work is still actively pursued on the pyrroline, pyridine, and 
1 From the Annual Address of the President of the Chemical Society, 

Mr. W. H. Perkin, F.R.S., March 30, 188s. 

quinoline series, and it is remarkable to see how new methods 
for the production of bodies of this description are being con­
stantly discoverccl. Those of A. Behrmann and Hofmann, who 
obtain pyridine derivatives from citramide, and of H. v. Pech­
mann, who obtains them from malic acid, may be taken as 
illustrations. 

It is interesting to notice, in reference to the pyridine 
series, Ladenburg's experiments (Ber., xvii. 772-74), who finds 
that the compounds formed by the union of these bases 
the iodicles of the alcohol radicals, when strongly heated, y1eld 
substituted pyridines in the same way as Hofmann some 
time since that aniline, under like circumstances, y1elded sub· 
stilltled aniline>, such as toluidine, &c. Hofmann (Ber., xvii. 
I 200) has also found that canine hydrochloride, ':"hen di.stilled 
with zinc dust, yields a base has named. c.onyrme, he 
believes to be a propyl or 1sopropyl pyndme ; and th1s,. by 
treatment with hydriodic acid at regenerates conme, 
which has exactly the same physiological action as the natural 
(though it is probably optically inactive). Ladenhurg (Rer., 
xvii. u96) has obtained a propylpyridinc when 
with sodium and alcohol, yields a base smellmg very much hke 
canine ; it has many properties in common with canine, and, 
like it, is poiscmous, acting in the same manner and to the same 
rlegrec. It is, however, optically inactive, as might be exl?:cted. 
Tt will Lc remembered that Schiff (Ann. Cll. Pharm., clvn. 352) 
oLtainecl a base very similar to conine from isobutyric aldehyde 
and ammonia some years ago, but it did not appear to agree. in 
all its properties with that body. From the new work whtch 
has been done in this subject we may now soon expect to have 
the constitution of this base definitely established. Ladenberg 
has also succeeded in producing from pyr.idin.e. The 
identity of this product with that obtamed from p1penne from 
pepper has been e'tablished (Ea-., xvii. 5 I 3-5 r 5)· 

Hofmann, while continuing his work on the action of bromine 
in alkaline solutions in amicles, has found the cttrious fact that 
nitrilcs are produced in considerable quantities containing one 
atom of carbon less than the amide-in fact, corresponding with 
the amines formed in the reaction, and are, in all probability, 
produced from them by the removal of the hydrogen atoms. As 
the>e nitriles can be converted into amides by sulphuric acid, 
and again treated with bromine and alkali, it is evident that by 
this means we can gradnally work down step by step from one 
mem her of the "homologous series to another. . 

It will be remembered that Pechmann and Dmsberg (.!Jer., 
xvi. 2II9-2I2R) succeeded in nbtaining substituted coumarins 
and their hydroxy derivatives by acting on acct.'.' and benzoyl· 
acetic acids with phenols. Pechmann xv11. 929-936) has 
now succeerlcd in obtaining coumarins by treating malic acid and 
phenols with sulphuric ac.id or chloride of zinc ; with ordinary 
phenol he has obtained couma.rin ; w!th 
and with pyragallol, rlaphnetm, winch g•ves all the reactwns 
oft he natural body. 

Some very cnriow; results have lately been obtained in refer­
ence to the destructive action of aluminium chloride on hydro­
carbons. Friedel and Crafts communicated a paper on this 
subject to this Society in 1882; it has now been 
by Auschtitz, Immerdorff, and by Jacobson (l'Jer., xvm. 657). 
They have found that this action consists in "a transference of 
the alcohol radical from one molecule of a hydrocarbon to 
another molecule of the same hydrocarbon." Thus toluene 
yields, on the one hand, benzene, anrl on the xylt;ne 
and more highly methylated benzenes, orthodcnvat1vcs bemg 
very rarely fmmd among the nets. . 

Last year I referred to the discovery of th10ph;ne, or, more 
properly, thiophen, and its by Meyer. 
During the year our knowledge of th1s mterestmg body has 
been considerably extencled, and its rendered com­
paratively easy. H. E. Schulze (BI!'Y., xvm. 497) has recently 
,hown that it is contained---as might be expected-in the sul­
phuric acid usecl to purify crude benzene, and that if its de­
composition be prevented by diluting the acid with an equal 
bulk of water as soon as it is separated from the benzene, the 
thiophcn which is doubtless present !n the form of a su!pho acid 
1r ay ea,ily be recovered by hydrolysmg, by merely passmg steam 
into the acid liquid. 

The synthesis of thiophen, recently effected by J. Volhanl 
and H. Erdmann (Btr., xviii. 454) by merely distilling sodium 
succinate with phosphorus trisulphide (by which about 50 per 
cent. of the theoretic8.l yield is ohtained), is also of interest, as 
well as the procluctiun of methylthiophen from sodium pyro-
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