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·were there an_Y such laws of and as Mr. 
Howorth maintams, the respective regwns of elevatwn,; and of 

Ibsidence would have continued the same since the consolida­
of the earth : but is contradicted _by the comr:wnest 

facts of stratlficatwn, which show that eleva non and substdence 
have everywhere alternated with each other. 

JoSEPH JOHN MURPHY 
Old Forge, Dunmurry, co. Antrim 

The Use of Terms in Cryptogamic Botany 
As no specialist in Algology has replied to the inquiry of your 

correspondent "D. R.," in NATURE for January 15, I may be 
permitted to quote for his information the following from the article 
"Nucleus, "in the "Treasury of Botany" from the pen of the author 
of the "Introduction to Cryptogamic Botany" :--"In Algre 
the term is applied to the fructifying mass of the Rhodosperms, 
whether contained in a single cell or in a compound cyst or con­
ceptacle, the w?rd nucleoli being used when there is a gr?up of 
nuclei." The mstance alluded to by your correspondent IS, un­
fortunately, not the only one in which the terminology of cryp­
togams is in a state of most perplexing confusion. 

ALFRED '\V. BENNETT 

A Lecture Experiment 
THE condensation of liquid in the form of vapour into minute 

globules, and the production of a shower of rain, may be very 
well illustrated for class purposes in the following manner :-. 

Place about an ounce of Canada balsam in a Florence flask, 
and Jet it boil. At the top of the flask clouds of globules of 
turpentine wiil be seen hovering about, altering in shape very 
much like sky-clouds, and the globules are large enough to be 
visible by the naked eye. If a cold glass rod be gradually intro­
duced into the flask, these clouds may be made to descend in 
showers. By the adaptation of a lime-light the whole process 
could be shown on a screen. LAWSON TArT 

TODHUNTER ON EXPERIMEN'IAL 
ILLUSTRATIONS 

Segnius irritant animos demissa per aurem, 
quam quc:c sunt oculis subjecta fidelibus, et qu;:c 
ipse sibi tradit spectator. 

T HE following is as nearly as I can recollect, the 
substance of few which I felt myself 

compelled to make to my class in a recent lecture. I 
had exhibited and described Hope's apparatus for 
showing the maximum density point of water, and pro­
ceeded to say :-

Now that the freezing mixture has been applied, 
my assistant will from time to time record on the 
black-board the simultaneous indications of the t'.vo 
thermometers, and will recall our aitention to the experi­
ment as the critical period approaches. You must, hov;·­
ever in this form of experiment take for granted h,_s 
fidelity and accuracy in By means 
of a somewhat cumbrous apphcatwn of opt1cal processes, 
it would be easy to project upon a screen image_s of the 
thermometers, in such a way thett each of you m1ght see 
for himself the course of the phenomenon. But the ther­
mo-electric method, whose principle I have already 
explained to you, is at once far easier of application, and 
in its indications more directly expressiVe. Th1s I vnll 
show on another occasion. For the present you must 
rely on the observations to be made for you by my assis­
tant. Yet I have no doubt that all of you will aliow that 
the exhibition of the experiment, even in this imperfect 
manner, wonderfully assists you in understanding its 
nature. 

This leads me to mention that a very decided opinion 
against the use of experimental illustration has been 
recently pronounced by one of. t_he most erudite and 
voluminous of British mathematlcmns ; my own former 
tutor, Mr. Todhunter, whose name and many of whose 

works must be familiar to most of you. Such a man 
speaks, deservedly with authority, on many points ; and 
therefore his dicta upon a point with which he shows 
himself to be totally unacquainted are especially dange­
rous. And I feel that it is my duty to point out to you, 
and warn you against, errors or absurdities connected 
with physics, whenever they come from one whose state­
ments are, on other grounds, worthy of attention. I shall 
not trouble you with the whole passage I refer to in Mr. 
Todhunter's "Conflict of Studies," but merely read to you 
a sentence or two of the most astounding part of it. I 
premise that though he is speaking of the teaching of 
physical science in schools, his observations apply (if they 
have any basis whatever) to science-teaching in general. 

" It may be said that the fact makes a stronger impres­
sion on the boy through the medium of his sight, that he 
believes it the more confidently. I say that this o:Jght 
not to be the case. If he does not believe the statements 
of his tutor-probably a clergyman of mature knowledge, 
recognised ability, and blameless character-his suspicion 
is irrational, and manifests a want of the power of appre­
ciating evidence, a want fatal to his success in that 
branch of science which he is supposed to be cultivating." 

Verbal comment on this would be altogether super­
fluous, and the only practical comment I am disposed 
now to make is to proceed at once to farther experi­
mental illustrations of the subject before us. 

P. G. TAIT 

POLARISATION OF LIGHT* 

v. 

T HE conversion of plane into circularly polarised light 
may also be effected by total reflexion. If plane­

polarised light traversing glass be incident upon the inner 
side of the limiting surface at any angle at which total re­
flexion takes place, it may be considered as resolved into 
two plane-polarised rays, the vibrations of one being parallel 
and those of the other perpendicular to the plane of 
reflexion; and there is reason to believe that in every 
such case a difference of phase is brought about which 
for a particular angle in each substance (in St. Gobain 
glass it is 54" 3o') it has a maximum value of one-eighth 
of a wave-length. And if the original plane of vibration 
be inclined at an angle of 45° to 
that of reflexion the amplitudes 
of the two vibrations, into which 
the reflected vibr2ttions are sup-
1)osed to be resolved, will be 

A full discussion of the 
mechanical causes which may be 
considered to effect this difference 
of phase would carry us deeper 
into the more difficult parts of 
the \Vave Theory than would be 
suitable in this place. But if 
we accept the fact that the 
above-mentioned effects result, 

FIG. q. 

when polarised light (whose plane of vibration is in­
clined at 45° to that of reflexion) is reflected at a 
proper angle ; then the following construction will be 
readily understood. Take a rhomb of glass, a, b, c, d, 
Fig. 14, whose acute angles are 54° 30'; a ray incident 
perpendicularly to either end will undergo two 
internal reflexions at the sides, say at p and s, and vnll 
emerge perpendicularly to the other end. These two 
reflexions will together produce a retardation, as described 
above, of one-fourth of a wave-length. And if the ray be 
originally polarised and its plane of vibration be inclined 

* Continued from p. 285. 
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at an angle of 45° to of reflexion of the l?aper 
in the figure) the amplitudes of the two v1brat1ons wtll be 
equal ; and all the conditions will be fulfilled for the 
production of circular polarisation. Such an instrument 
was invented by Fresnel, and is called in consequence 
Fresnel's rhomb. On account of its length and its dis­
placement of the ray, it is not so convenient as a quarter­
undulation plate ; but on the other hand it affects rays 
of all wave-lengths equally, while the quarter-undulation 
plate can strictly be adapted to rays of only one wave­
length. 

If either of these instruments be introduced and suit­
ably placed between a selenite plate and the analyser, the 
chromatic effects will be similar to those due to a plate of 
quartz cut perpendicularly to the axis. 

Another important property of these instruments con­
sists in their effect upon circularly polarised light. Such 
light may be considered to arise from two plane-polarised 
rays whose vibrations are perpendicular to one another, 
and which present a difference of phase equal to a quarter 
of a wave-length. If, therefore, either a quarter-undu­
lation plate or a Fresnel's rhomb be suitably placed, it 
will either increase or diminish the difference of phase by 
a quarter of a wave-length. In the one case the differ­
ence of phase will amount to a half wave-length, in the 
other it will vanish. And in either case the vibration will 
be converted into a rectilinear one ; but the directions of 
vibration in the two cases will be perpendicular to one 
another. 

Ref!exion from a metallic surface may also be employed 
for converting plane into circular polarisation. If a ray 
of plane-polarised light fall upon a metallic reflector it is 
divided into two, whose vibrations are respectively paral­
lel and perpendicular to the reflector ; and the latter is 
retarded behind the former by a difference of phase 
depending upon the angle of incidence. If the plane of 
vibration of the incident ray be inclined to the plane of 
incidence at an angle (nearly 45°) which varies with the 
metal employed, but which is perfectly definite, the inten­
sities become equal. And further, if the angle of inci­
dence have a particular value dependent upon the nature 
of the metal (for silver 72°) the retardation will amount 
to a quarter of a wave-length. And the result will be a 
circularly polarised ray as in the case of total reflexion. 

The apparatu; (Fig. 1 5) best adapted for experiments 
based upon this principle is a modification ofNorremberg's 
polariscope, suggested by Sir Charles Wheatsone, from 
whom the following description is quoted :-· 

"A plate of black glass, G, is fixed at an angle of 3° to 
the horizon. The film to be examined is to be placed on 
a diaphram, D, so that the light reflected at the polarising­
angle from the glass plate shall pass through it at right 
angles, and, after reflexion at an angle of 18° from the 
surface of a polished silver plate S, shall proceed ver­
tically upwards. N is a Nicol's prism, or any other 
analyser, placed in the path of the second reflexion. 
The diaphragm is furnished with a ring, moveable in its 
own plane, by which the crystallised plate to be examined 
may be placed in any azimuth. C is a small moveable 
stand, by means of which the film to be examined may 
be placed in any azimuth and at any inclination ; for the 
usual experiments this is removed. 

" If a lamina of quartz cut parallel to the axis, and 
sufficiently thin to show the colours of polarised light, be 
placed upon the diaphragm so that its principal section 
(i.e. the section containing the axis) shall be 45° to the 
left of the plane of reflexion, on turning the analyser from 
left to right, instead of the alternation of two comple­
mentary colours at each quadrant, which appear in the 
ordinary polarising apparatus, the phenomena of succes­
sive polarisation, exactly similar to those exhibited in the 
ordinary apparatus by a plate of quartz cut perpendicu­
larly to the axis, will be exhibited ; the colours follow in 
the order R, 0, Y, G, B, P, V, or, in other words, ascend 

as in the case of a right-handed plate of quartz cut per­
pendicularly to the axis. If the lamina be now either in­
verted, or turned in its own plane 90°, so that the principal 
section shall be 45° to the right of the plane of reflexion, 
the succession of the colours will be reversed, while the 
analyser. moves in the same direction as before, presenting 
the same phenomena as a left-handed plate of quartz cut 
perpendicularly to the axis. Quartz is a positive doubly 
refracting crystal ; and in it consequently the ordinary 
index of refraction is smaller than the extraordinary index. 
But if we take lamina of a negative crystal, in which the 
extraordinary index is the least, as a film of Iceland spar 
split parallel to one of its natural cleavages, the pheno­
mena are the reverse of those exhibited by quartz : when 
the principal section is on the left of the plane of reflexion 
the colours descend, and when it is on the right of the 
same plane the colours ascend, the analyser being turned 
from leit to right. 

"It has been determined that the ordinary ray, both in 
positive and negative crystals, is polarised in the principal 
section,* while the extraordinary ray is polarised in the 
section perpendicular thereto. It is also established that 
the index of refraction is inversely as the velocity of 
transmission. It follows from the above experimental 
results, therefore, that when the resolved ray whose plane 
of polarisation is to the left of the plane of reflexion is 
the quickest, the successive polarisation is right-handed, 
and when it is the slowest, the successive polarisation is 
left-handed-in the order R, 0, Y, G, B, P, V and in the 
second case in the reverse order. 

" The rule thus determined is equally applicable to 
lamin<e of bi-axal crystals. 

"As selenite (sulphate of lime) is an easily procurable 
crystal and readily cleavable into thin lamin<e capable of 
showing the colours of polarised light, it is most frequently 
employed in experiments on chromatic polarisation. The 
lamin<e into which this substance most readily splits con­
tain in their planes the two optic axes ; polarised light 
transmitted through such lamin<e is resolved in two rec­
tangular directions, which respectively bisect the angles 
formed by the two optic axes ; the line which bisects the 
smallest angle is called the intermediate section ; and the 
line perpendicular thereto which bisects the supplemen­
tary angle is called the supplementary section. These 
definitions being premised, if a film of selenite is placed 
on the diaphragm with its intermediate section to the left 
of the plane of reflexion, the successive polarisation is 
direct or right-handed ; if, on the contrary, it is placed 
to the right of that plane, the successive polarisation is 
left-han.ded. The ray polarised in the intermediate sec­
tion is therefore the most retarded; and as that section .is 
considered to be equivalent to a single optic axis, the 
crystal is positive. 

" In one kind of mica the optic axes are in a plane per­
pendicular to the Iamin<e. They are inclined zz1• on 
each side the perpendicular within the crystal, but, owing 
to the refraction, are seen respectively at an angle of 35°"3 
therefrom. The principal section is that which contains 
the two optic axes. If the film is plitced on the diaphragm 
with its principal section inclined 45° to the left of the 
plane of ref!exion, the successive polarisation is right­
handed. The ray, therefore, polarised in the section 
which contains the optic axes is the one transmitted with 
the greatest velocity. 

"Films of uni-axal crystals, whether positive or nega­
tive, and of bi-axal crystals, all agree therefore in this 
respect :-that if the plane of polarisation of the quickest 
ray is to the left of the plane of reflexion, the successive 
polarisation is right-handed when the analyser moves 
from left to right ; and if it is to the right of the plane of 
reflexion, other circumstances remaining the same, the 
successive polarisation is left-handed. 

* The plane of polarisation is, throughout these page!', taken to be per .. 
pendicular to that of vibration. 
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"It must be taken into consideration that the principal 
section of the film is inverted in the reflected image ; so 
that if the plane of polarisation of the ray in. the 
film is to the left of the plane of reflexwn, rt IS to the nght 
of that plane in the i.mage. . 

"It may not be umnterestmg to state a few obvwus 
consequences of this successive polarisation in doubly re­
fracting Jamince, right-handed and left-handed according 
to the position of the plane of polarisation of the quickest 
ray. They are very striking as experimental results, and 
will serve to impress the facts more vividly on the 
memory. 

" I. A film of uniform thickness being placed on the 
diaphragm with its principal section 45° on either side 
the plane of reflexion, when the analyser is at o0 or 90° 
the colour of the film remains unchanged, whether the 
film be turned in its own plane 90°, or be turned over so 
that the back shall become the front surface ; but if the 
analyser be fixed at 45°, 135°, 225°, or 315°, comple­
mentary colours will appear when the film is inverted 
from back to front, or rotated in its own plane either 
way 90°. 

" 2 . 1f a uniform film be cut across and the divided 
portions be again placed together, after inverting one 
of them, a compound film is formed, which, when 
placed on the diaphragm, exhibits simultaneously both 
right-handed and !eft-handed successive polarisation. 
When the analyser is at 0° or 90° the colour of the entire 
film is uniform ; as it is turned round the tints of one 
portion ascend, while those of the other descend ; and 
when the analyser is at 45° or 1190° + 45°, they exhibit 

colours. 
"3· A film increasing in thickness from one edge to the 

other is well suited to exhibit at one glance the pheno­
mena due to films of various thicknesses. It is well 
known that such a film placed between a polariser and an 
analyser will show, when the two planes are parallel or 
perpendicular to each other and the principal section of 
the film is intermediate to these two planes, a series of 
parallel coloured bands, the order of the colours in each 
band from the thick towards the thin edge being that of 
their refrangibilities, orR, 0, Y, G, B, P, V. The bands 
seen when the planes are perpendicular are intermediate 
in position to those seen when the planes are parallel; on 
turning round the analyser these two sys tems of bands 
alternately appear at each quadrant, while in the inter­
mediate positions they entirely disappear. 

" Now let us attend to the appearances of these bands 
when the wedge-form film is placed on the diaphragm of 
the instrument, Fig. I 5· As the analyser is moved round, 
the bands advance toward or recede from the thin edge 
·of the wedge without any changes occurring in the colours 
·or intensity of the light, the same tint occupying the same 
place at every half revolution of the analyser. If the 
bands advance toward the thin edge of the wedge, the 
successive polarisation of each point is !eft-handed ; and 
if they recede from it the succession of colours is right­
handed : every circumstance, therefore, that with respect 
to a uniform film changes right-handed into left-handed 
successive polarisation, in a wedge of the same substance 
transforms receding into advancing bands, and vice versa. 
These phenomena are also beautifully shown by concave 
or convex films of selenite or rock-crystal, which exhibit 
concentric rings contracting or expanding in accordance 
with the conditions previously explained. 

"4· Few experiments in physical optics are so beau­
tiful and striking as the elegant pictures formed by 
cementing lamince of selenite of different thicknesses 
(varying from 2 loo to 6

1
0 of an inch) between two 

plates of glass. Invisible under ordinary circumstances, 
they exhibit, when examined in the usual polarising­
apparatus, the most brilliant colours, which are comple­
mentary to each other in the two rectangular positions of 
the analyser. Regarded in the instrument, Fig. 13, the 

appearances. :'lre still more beautiful ; for, instead of a 
single trans1t10n, each colour in rhe picture is succes­
sively by every other colour. In preparing such 
pictures It IS necessary to pay attention to the direction of 
the principal section of each lamina when different pieces 
of the same are to be combined together to 
form a surface havmg the same uniform tint; otherwife 
in the intermediate transitions the colours will be irreo-u-
larly disposed. " 

"5· A plate of rock-crystal cut perpendicular to the 
axis loses its polarisation, and behaves exactly 
as an ordinary crystallised film through which rectilinear 
polarised light is transmitted. 

"By means of the phenomena of successive polarisa­
tion it is easy to determine which is the thicker of two 
films of the same crystalline substance. Place one of the 
films on the diaphragm E of the instrument (Fig. I 5) in 
the position to show, say, right-handed polarisation, then 
cross it with the other film; if the former be the thicker, 
the successive polarisation will be still right-handed ; if 
both be equal, there will be no polarisation ; and if the 
cross film be the thicker, the successive polarisation will 
be left-handed. In this manner a series of films may be 
readily arranged in their proper order in the scale of 
tints. 

"In the experiments I have previously described the 
planes of reftexion of the polarising mirror and of th e 
silver plate were coincident; some of the results obtained 
when the azimuth of the plane of reftexion of the silvet· 
plate is changed are interesting. 

" I will confine my attention here to what takes place 
when the plane of reflexion of the silver plate is 45° from 
that of the polarising reflector. 

" When the principal sections of the film are parallel 
and perpendicular to the plane of reflexion of the polar­
ising mirror, as the whole of the polarised light passes 
through one of the sections, no interference can take 
place, and no colour will be seen, whatever be the position 
of the analyser. 

"When the principal sections of the film are parallel 
and perpendicular to the plane of reflexion on th e si lver 
plate, they are 45° from the plane of reflexion d tbe 
polarising mirror. 

"The polarised ray is then resolved into two compo­
nents polarised at right angles to each other ; on e com­
ponent is polarised in the plane of reftexion of the silver 
plate, the other perpendicular thereto ; and one is 
retarded upon the other by a quarter of an undulation. 

"When the analyser is at o" or 90° no colours are seen 
because there is no interference ; but when it is placed at 
45° or 135c, interference takes place, and the same wlour 
is seen as if light circularly polarised had been passed 
through the film. The bisected and inverted film shows 
simultaneously the two complementary colours. 

" But when the film is placed with one of its principa l 
sections 22t0 from the plane of reflexion of the polarising 
mirror, on turning round the analyser the appearances 
of successive polarisation are reproduced ex;lctiy as ,,·hen 
the planes of reflexion of the silver plate and of the 
polarising mirror coincide. In this case the components 
of the light oppositely polarised in the two sections are 
unequal, being as cos 22!0 to sin these components 
respectively fall zzto from the plane of reftexion of the 
silver plate and from the perpendicular plane, and are 
each resolved in the same proportion in these two planes. 
The weak component of the first, and the strong compo­
nent of the second, are resolved into tlle normal plane, 
while the strong component of the first and the weak 
component of the second are resolved into the perpen­
dicular plane. 

"The apparatus (Fig. 15) affords also the means of 
obtaining large surfaces of or light 
in every state of polarisation-rect!lmear, elhptlcal, or 
circular. 
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"It is for this purpose much more convenient than a 
Fresnel's rhomb, with which but a very small field of view 
can be obtained. H must, however, be borne in mind 
that the circular and elliptical undulations are inverted in 
the two methods ; in the former case they undergo only 
a single, in the latter case a double reflexion. 

"For the experiments which follow, the crystallised 
plate must be placed on the diaphragm E, between the 
silver plate and the analyser, instead of, as in the preced­
ing experiments, between the polariser and the silver 
plate. 

FIG. xs.-\Vlfeatstone's modification of Norremberg's Polariscope. 

"By means of a moving ring within the graduated 
circle D, the silver plate is caused to turn round the re­
flected ray, so that, while the plane of polarisation of the 
ray remains always in the plane of reflexion of the glass 
plate, it may assume every azithumal position with respect 
to the plane of reflexion of the silver plate. The film to 
be examined &nd the analyser move consentaneously 
with the silver plate, while the polarising mirror remains 
fixed. 

" In the normal position of the imtrument the ray 
polarised by the mirror is reflected unaltered by the 
silver plate; but when the ring is turned to 45° 135° 
225°, or 31 so, the plane of polarisation of the ray fahs 456 
on one side of the plane of reflexion of the silver plate 

ray is resolved into others, polarised 
trvely :m the plane of reflexwn and the perpendicular 

plane, one of which is retarded on the other by a quarter 
of an undulation, and consequently gives rise to a circular 
ray, which is right-handed or left-handed according to 
whether the ring is turned 45° and 225°, or 135° and 315°, 
When the ring is turned so as to place the plane of polari­
sation in any intermediate position between those pro­
ducing rectilinear and circular light, elliptical light is 
obtained, on account of the unequal resolution of the ray 
into its two rectangular components. 

" Turning the ring of the graduated diaphragm from 
left to right, when the crystallised film is between the 
silver plate and the analyser, occasions the same succes­
sion of colours for the same angular rotation as rotating 
the analyser from right to left when the instrument is in 
its normal position and the film is between the polariser 
and the silver plate." 

The same principles apply to the case of bi-axal crys­
tals cut parallel to a plane containing the two optic axes. 
A ray of plane-polarised light transmitted through such a 
plate is divided into two, whose vibrations respectively 
bisect the angles formed by the two axes. As mentioned 
4bove, the line which bisects the smallest angle is called 
the intermediate section, and the line perpendicular to it 
the supplementary section ; and the order of the colours 
depends upon the relative velocity of the two rays. In se­
lenite, the ray whose vibrations lie in the supplementary 
section is the slowest ; in mica it is the swiftest. Hence 
these two crystals, all other circumstances being alike, give 
the colours in opposite orders, and may be regarded as 
positive and negative, like quartz and Iceland spar. And a 
test similar to that indicated for uni-axal may be applied 
to bi-axal crystals. 

Some interesting and varied experiments may be made 
by using two circularly polarising instruments, e.g., two 
quarter undulation plates (say the plates A and B) one 

polariser proper and the crystal (C) u'nder 
exammatwn, the. other between the crystal and the 
analyser. The hght then undergoes the following pro­
cesses. .If the plate A be placed so that its axis is at 45° 
on one Side or other of the original plane of vibration 
and the plate B with its axis parallel or perpendicular 
that of A, then on turning the analyser we 5hall have the 

of circular polarisation desciibed above. 
Agam, .If, _the plates A and B retaining the positions 
before md1cated, the crystal C be turned round in its own 

then, since the light emerging from A and B is 
Circularly polarised, it has lost all trace of direction with 
reference to the positions of polariser and analyser, and 
consequently no change will be observed. 

Again, if the plates A and B have their axes directed 
at 45° on either side of axis of C, and the three plates 
be turned round as one piece, the colour will remain un­
changed, while if the analyser be turned, the colours will 
foll?w in regular If the plates A and B have 
the1r axes directed at 45 on the same side of the axis of 
C, and the pieces be turned round bodily as before the 
colours in the. same order as above, and go 

the1r cycle once m every right angle of rotation; 
and If the analyser be turned in the same direction the 
c.olours but in the reverse order. The 
tlon of this IS to be found in the that when the plates 
A and B are crossed, the retardatiOn due to A is compen­

by that due to B ; so that the only effective retarda­
tiOn IS that due. to the crystal C. But upon the latter de­
pends rotatiOn of the plane of vibration ; if, therefore, 
the P?lanser and analyser remain fixed, the colour will 
remam unaltered. When the plates A and B have their 
axes parallel, there is no compensation and the colour 
will change. It should added that the 
rotatwn of the plane of vibration, and consequently the 
sequence of colours, does not follow exactly the same law 
in these cases as in quartz. 

W. SPOTTISWOODE 

(To be continued.) 
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