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1. The Rare Lichens of Glencroe. By Rev. Huen
Maomicnan, LL.D., F.R.5.E.

During the months of August and September last, after
my return from Switzerland, I spent my holidays, along
with my family, in a solitary farm-house in Glencroe, at the
head of Loch Long. This farm-house is called Larich
Park, and is situated about three quarters of a mile from
the entrance of the glen, and about three miles from
Arrochar. Glencroe is six miles long, leading from Loch
Long to the elevated plateau of ““Rest and be Thankful,”
the scene of one of Wordsworth’s sonnets, and famous from
the use made by Lord Russell of it as a parliameutary .
phrase. The coach road from Arrochar to Inverary passes
through it. The scenery of the glen is remarkably wild
and desolate. Rugged mountains from two to three thou-
sand feet Ligh,—tleir sides strewn with boulders, and
seamed with torrents,—overhang the road, and approach at
their base from either side so closely, as to leave but a very
narrow passage for the river, which has worn for itself a
strangely tortuous and deeply indented chanmnel through
the rocks. There are only three or four human habitations
in the whole glen, and but two small portions of cultivated
land,—the rest being given up to pasturage for sheep.
That part of the glen, immediately surrounding the farm
_of Larich Park, combines in a remarkable manner the grand
-and the beaufiful. Ben Arthur, or the Cobbler, rises on
one side to a height of 2863 feet; its precipitous sides
covered with rich vegetation, and marked by white water-
falls, and its summit consisting of a huge aiguille of
rock, which appears and disappears at intervals through
the driving mist with a singularly weird and wild effect.
On the other side of the glen towers up a ridge of equally
steep and rocky peaks, terminating in a great shattered
rocky crown called Ben Unack, only 200 feet or so lower
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extending upwards of a foot in length and breadth, and
covering continuously the whole exposed side of a boulder.
It adheres very loosely to its growing place by means of 1ts
black shaggy underside. Its upper surface is smooth and
greyish-white, cut up into numerous lobes and segments ;
the ultimate oues dividing into two or more very narrow
branches whose extremities are turned up, and covered
with grey powdery warts or soredia. The lichen consists of
a series of these segments, often imbricated. The curious
abrupt divisions of the larger and broader lobes, into two
or more acute linear ones, crowned with mealy tubercles,
is a characteristic which eannot he mistaken, and serves
effectually to distinguish this from all other lichens. It
is, indeed, one of the best defined species we possess. The
apothecia, which are very hollow, and of a dark red colour,
with an entire crenate or sorediate border, are extremely
rare. There were none on the individuals which I
gathered, and T believe they have never been found in this
country, being described from foreign specimens. The
lichen itself is exceedingly rare. The late Mr Borrer is
reported to have found it in Ross-shire and at Ballachu-
lish ; but his discovery has not been repeated in these
localities by any other botanist. The latter region I
searched pretty minutely for two days while on a yachting
cruise in the summer of 1873 ; but I failed to find speci-
mens either of this lichen or of the three or four other
extremely rare lichens which Mr Borrer, and no one else,
gathered there. It is therefore an important circum-
stance that a new locality for the P. levigaia has been
found in Scotland, which is more accessible, more easily
pointed out, and where it occurs in considerable abundance.
In England it has been found on Dartmoor and in St
Leonard’s Forest, and on rocks in the island of Anglesea, at
Dolgelly in Carnarvonshire, and in one or two other places
in South Wales, in Jersey and Guernsey, and in Ireland in
Askew Wood, County Kerry. In England, Wales, and
Scotland its distribution is thus confined to the west coast.
We can trace it along a narrow line that never goes into
the interior, or curves to the east, from Devonshire to Bal-
lachulish. It is eminently a southern lichen, and loves
moist, mild, sheltered localities within reach of the sea,
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laid the specimens before Dr Stirton of Glasgow, upon whose
critical judgment T could place the utmost dependence.
After subjecting them to microscopical examination of
their physical peculiarities, and to those chemical tests
initiated by Nylander, which have lately proved so useful
in identifying species so closely allied as to be otherwise
confounded, he came to the conclusion that they were
entirely new to science. ~Dr Stirton, therefore, did nie the
honour of naming the lichen after me as Parmelia Mil-
laniana. Subsequently, however, I sent a small specimen
to the Rev. Mr Leighton ; when he assured me that it was
identical with his P. endochlora, found by Dr Taylor in
Askew Wood, County Kerry, Ireland, associated, as in
this country, with P. levigata. In these circumstances,
although the discrepancies between Mr TLeighton’s pub-
lished description, and the characteristics of my plant were
sufficient to warrant Dr Stirton and myself in regarding it
at first as new, I have now no alternative but to yield,
which I do cordially, to Mr Leighton's prior right of
nomenclature, and adopt his name. The lichen in ques-
tion, ag I have said, is at first sight very like P. levigata.
But by scraping the upper surface, the medulla is found to
be of a decidedly yellow colour; whereas the medulla of
the P. levigata is pure white. The action of the reagent
produces in the new lichen a deeper yellow, amounting
almost to an orange tinge; whereas the chemical reaction
of the P. levigata is bright unchangeable red. The hairs
on the under-surface are also different, being much more
dendritic and branched. The whole facies of the lichen is
such as to distinguish it at once, when attention has been
directed to it. Itis less lax in its habit than P. levigata;
clinging more closely to the rock, and its ultimate segments
are not divided in the same way as in the allied species,
but terminate in rounded lobes covered with mealy powder,
or else are matted togetherinto a series of little imbricated
fragments. Tuckerman, in his * North American Lichens,”
has recorded a species under the name of P. awrulenta,
which in some respects resembles the plant under con-
sideration, but differs in others. P. endochlora is almost as
abundant in Glencroe as P. levigata. It is always found
associated with that species, on the boulders which strew
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and Hooker gathered it. In England, Dr Greville found it
on moist mossy rocks at the foot of Snowdon; and Dr
Taylor and Mr Carrol in several places in the south-west
of Ireland. It is exceedingly local in this country, but has
a wide distribution over the world, having been found in
Europe, Asia, America, Australia, the Sandwich Islands,
and New Zealand. With us the P. plhysodes is exceedingly
abundant everywhere, and the P. diatrypa exceedingly rare
and local ; but in New Zealand it is exactly the reverse,
the P. diatrypa being the common, and the P. physodes the
rare species, I gathered the P. diatrypa abundantly on
pine trees in the woods of the Kleine Rugen at Interlaken,
Switzerland; and on boulders in the Néerodal at the head
of the Sogne Fjord, Norway. The old specific name which
Acharius gave it has been changed for the more descriptive
new name of P. pertusa of Schraunk, under which, in recent
works on lichenology it is now known. On the same trees
of Ardgarten woods, I may mention, I observed magnificent
specimens of P. physodes in the most luxuriant fructifica-
tion, every segment loaded with apothecia, varying in size -
from a pin-point to a fourpenny piece.

On one solitary pine tree, in the same part of the Ard-
garten woods, I found a few specimens of a lichen which I
identified as the Parmelia Mougeotii of Scharer. Leighton
includes it as a mere variety under P. conspersa. It is found
most frequently on boulders ; and I observed subsequently
a few specimens on a quartz rock near the farm-house. It
may be distinguished by its greenish yellow stellated thallus,
rarely attaining more than an inch in diameter; the some-
what convex lacinie being very narrow and multifid, and
bearing powdery warts of a lighter colour at their ex-
tremities. It is closely fixed to the bark on which it
grows. Most of the specimens observed are very minute,
but quite characteristic notwithstanding. The fructification
is altogether unknown. The lichen has been found in
several places in England, Wales, and Ireland; while in
Scotland Professor Dickie gathered it near Aberdeen, Dr
Hall in the fir woods of Dunkeld, and the Rev. Mr Crombie
in the pine woods of Glendee, Braemar. Although con-
sidered very rare at present, it is probable that it may yet
be found in many subalpine localities where pine woods
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found not unfrequently on trees in the south-west of
England, and on rocks in Anglesea and Carnarvonshire,
associated with P. levigata. Indeed, where the one lichen
grows the other is almost sure to be found in the neigh-
bourhood, for they love the same localities and the same
conditions of growth. Previous to my finding the P,
tiliacea in Glencroe, it had been gathered only in one spot
in Scotland, on the battlements of Brodick Castle in the
Isle of Arran. In the south-west of France it occurs in
abundance on olive trees, and produces rich fructification.
Various forms of the P. tiliacea approximate to the
typical P. scortea of Acharius. I found on a loose dyke
running down into Loch Long, at the end of the Ardgarten
woods and the entrance of Glencroe, very remarkable
specimens which come under this description.* They occur
nowhere else than on the above-mentioned wall, growing
above high-water mark, covering every exposed stone, and
giving to the whole dyke, along with its gay garniture of
yellow Parmelias, a peculiarly picturesque appearance. The
thallus is orbicular, spreading widely from the centre to the
circumference ; the central parts decaying and disappearing,
and the mmumfereu-tlal parts m&mtammg the life and
growth of the lichen. In texture it is membranous, almost
cartilaginous, tough, and wrinkled. It islobed and 5inuated
in a very regular manner, and its colour is of a greyish-
white, slightly darker at the edges, and covered with in-
numerable black granulations, which are spermogones, pro-
pagating the plant in the absence of its bright chestnut
apothecia with an inflexed crenated border, which are
extremely rare, having never been observed in this country,
In England the typical lichen occurs usually on trees and
poles, and grows in sheltered places. T am not aware of its
having been found in any other place in Scotland save that
which I have described ; and the circumstances of its
habitat there, growing on stones exposed to the stormy
breezes of the sea-shore, alternately moistened by the spray
of the waves, and dried and hardened by the hot sunshine,
must have modified considerably its appearance, and are
sufficient to account for the difference which the Scotch
specimens present to the English ones, In regard to such

# Mr Leighton refers them to P. filiacea var. rugosa of Taylor.
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broadening, and powdery at the extremities, and somewhat
imbricated. The apothecia have not been found in this
country, where it has been gathered only by Messrs Turner
and Hooker, at Ballachulish, It occurs somewhat commonly
in North America and in Switzerland ; in which latter
country T have gathered magnificent specimens In pine
woods at a great elevation.

I was fortunate also in finding upon a single ash tree in
Ardgarten woods, several diminutive specimens of the rare
Sticla crocata., This tropical lichen, easily distinguished
by the lemon-coloured powdery spots which mark the reti-
culations of the upper surface, I observed some years ago
in the woods of Moness at Aberfeldy. It occurs in the
woods at Inverary, to which Glencroe leads; and I am
informed that it is very abundant and luxuriant in form on
trees in Islay.

Besides the very rare species described in the preceding
paragraphs, an abundance of ‘common, though still local
lichens, occur in Glencroe; such as Endocarpon leté-virens,
Beomyces rufus, Lecidea sanguinaria, Squamaria lanuginosa,
Placodium plumbeum, Parmelia caperata, conspersa, per-
Jorata, perlata, and aquila, Sticta pulmonaria, scrobiculata,
limbata, fuliginosa, and sylvatica, Collema Burgessii, Peltidea
scutata, Nephroma resupinata, and Gyrophora pellita.

I have thus described the small but rare and interesting
group of Parmelias which I discovered in Glencroe; and the
fact that so many large and beautiful lichens should have
been found for the first time in Scotland, in a region so
near to our large cities, so much frequented by tourists,
and so well known to the general public, shows conclusively
that much requires still to be done in ascertaining the
geographical distribution of our lichens, and encourages the
hope that still more important discoveries will reward the
search of the indefatigable cryptogamist in districts less
known and frequented.
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recent work at this group of plants. For the filamentous Myxo-
phycese (Cyanophyces), i.e. the Nostochaces Heterocyste and Nos-
tochacese Homocystee, we follow the classification and also the nomen-
clature of Bornet and Flahault’s ¢ Revision des Nostocacées Hétéro-
cystées’ and Gomont’s ‘ Monographie des Oscillariées.’ \

The following is a more detailed account of the collections. To
savo space, contractions are used (throughout the paper) for the
localities.

I. Fsser.—The only part investigated was Epping Forest, in
which gatherings were made from ditches, bogs, squeezings of
Sphagnum and Hypnum from several ponds, and washings of Myrio-
phyllum and Potamogeton from a deep fish-pond.

Ep. = Epping Forest.

II. Middlesea:.—Mostly collections from ponds and ditches in

various parts of the county.

Bg. = Bow Green. No. = Northwood.

Ha. = Harefield. P~ = Finner.

Hy. = Hyde Park. Ru. = Ruislip Reservoir.
Ki. = Kingsbury. U. = Uxbridge Common.

Kg. = Kingsbury Green. Wh. = Welsh Harp.

ITI. Surrey.—By far the most numerous and varied gatherings
were made in this county, during several years and at all seasons of
the year. In the northern portion of the county, Esher West-end
Common, Chobham Common, and Bisley Common, were much more
productive than any of the other surrounding commons. In the
south-east corner of the county a few very interesting species were
obtained from some large Ennds north of Felbridge, one locality
quoted as * Mill-pond E. of Chapel Wood ** being very rich. In the
south-west corner, the Frensham district was fairly productive, but
Thursley and Puttenham Commons were much the best. On the

FPrate VII.

Fig. 1, 2.—Scenedesmus granulafus sp. n. % 520.
s o—Cosmarium fruncatellum Perty. X 520.
» 4 5.—Tetraidron horridum sp. n. % 520.
»w B, T.—(Edogonium macrospermum sp. n. X 520.
» B—DRhaphidium polymorphum Fresen. var. tumidum var. n. x 520.
s 9-13. o e var. mirabile var,n. % 520. z, moving
: corpuscle.
» 14.—Blaurastrum margaritaceum (Ehrenb.) Menegh. var, robustum var. n. x 520.
» 10-17. = o5 var. subcontortum var. m.
* 520,
» 18.—Dactylococeus bicaudatus A. Br. var. exilis var. n. % 520.
w 18, fo dispar ap. n. x 520.
w 20.—Arthrodesmus Incus (Bréb.) Hass. var. subquadratus var. n. % 520,
w 21-28.—Tetraédron minimum (A, Br.) Hansg. x 520,
v 2t —Cosmarium adozum sp. n.  x 740..
» L0-28.—Ammaloidea Normanii gen. et sp. n.  x 520,
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former is a fine bog
with abundance of

Hypn

Transactions of the Society.

in which Rhynchospora fusea is plentiful, along
e of submerged and floating Sphagnum contortum,
um scorpioides, and better still, Utricularia minor coated with
a brownish-green slime of almost pure Desmids.

Squeezings of

Sphagnum and Utricularia minor from General’s Pond, Puttenham
ommon, also yielded some uncommon species.

B. = Barnes Common,

Bh. = Blindley Heath (S.E.).

Bi. = Bisley %nmmcm.

Bo. = Bolder Mere.

Br. = Brockham Green (to
Betchworth).

C. = Chobham Common.

Co. = Near Cobham Common.

Cr. = Crowhurst (8.E.).

Di. = Ditton Marsh,

Dj. = Deyvil's Jumps, Fren-
gham,

Do. = Dorking.

E. = Esher Common.

Ea. = Earlswood Common.

Ew.= Esher West-end Com-
mon.

F., = Felbﬁdge.

Fg. = Frensham Great Pond,

Fh. = Frogit Heath (8.E.).

Fl. = Frensham Little Pond.
Hk.= Hackbridge.
M. = Mitcham Common.
ﬁi. = Iif[[itﬁham Grove.
p- = Mill-pond E. of Chapel
Vi};?:ld (S.E.). &
Pt. = Putney Heath (nr. Pt.
= Roehampton Lane).
Pu. = Puttenham Common,
Ra. = Ranmore Com. (pond).
Rp. = Richmond Park. i
h. = Thursley Common.
Wa. = Wandsworth Common.
We. = Bog by R. Wey, Fren-
gsham.
Wi = Wimbledon Common.
Wk. = Canal at Woking.
Wo. = Whitemoor Common,

Worplesdon.
Wt. = Witley Common.

IV. Kent—Collections were made from a few small ponds on
Hayes Common, and also from two large ponds, as well as from a

small bog, on Keston Common.

These ponds were crowded with

Potamogeton, Seirpus, &e., and yielded many good species.

Bm. = Bromley.
Cb. = Cobham,

He. = Hayes Common.
Ks, = Keston Common.

V. Oxfordshire—Collections were kindly made by Mr. S. Wood
from a few small ponds in the south-east of the county.

Go, = About 2} miles N.E. of Goring,.

VI. Hampshire.—The gatherings in this county were limited to
a few ponds and some very rich bogs in the New Forest. Mr. W.
West, jun., eollected some rich gatherings of Desmids from Utricu-
laria minor in Ashurst Bog, near Lyndhurst Road.
N. = New Forest.

VII. Devonshire—The best gatherings made in this county were
from some fine bogs in the neighbourhood of Hey Tor, Dartmoor.
The Lea on Slapton Sands also yielded some good material.

D. = Dartmoor (Hey Tor). S. = Slapton Sands.
Dl. = Dawlish. Tq. = Torquay.
Gp. = Grimspound, Dartmoor.
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VIII. Cornwall— These gatherings were obligingly made at our
request by Mr. R. V. Tellam, of Bodmin. Some of them were very
rl!ﬂ], and all were more or less productive of good things. A small
collection was also made by Mr. Ll J. Cocks from Tremethick Moor.

G. = Gunwen Moor. P. = Penhargurd Wood.
H. = Halgavor Moor. R. = Roughter Moor.
HL = Helmentor Moor. T. = Tintagel,

K. = Kynance Valley. Tm. = Tremethick Moor.
L. = Lanlivery Moor. W. = Withiel.

Those species (about 60) not previously recorded for the British

Isles are prefixed by an asterisk.
We have noted a very large number of Diatoms, but, as much of

the material has not as yet been examined with regard to this class
of plants, we leave them for future publication.

Crass F}DRIDEE.
Fam. Batrachospermese.
Genus Batrachospermum Roth.

B.Imanif-a:farme Roth. IL In canal, Ha. IV.Ks. VI N,
Y1I. D.
Var. confusum (Hass.) Cooke. IV. Casar's Well, Ks.
2. R. vagum (Roth) Ag. TIL In pond, Dj. In bogpool, Th.

Crass CHLOROPHYCE Z.
Ord. Confervoidess Heterogams.
Fam. Coleochstaces.
Genus Coleochate Bréb.

1. C. scufata Bréb, 1. Ep. II. Wh. IIL Ew., Fg, Wo. V. Go.
Y1 N

2. C. soluta Prings. I. Ep. III. Bi, Fg.

3. C. ovbieularis Prings. III. Cr.

Fam. GBdogoniaceze.
Genus Bulbochate Ag.

1. B. polyandra Cleve. VIII. W,

2. B. setigera (Roth) Ag. IIL. Mp., Rp. IV. Ks.
*3. B. nana Wittr. V. Go.

4. B. mirabilis Wittr, III. Th.

9. B. rectangularis Wittr, IIL. Ew., Mp.

Genus Hdogoniwm Link.

&. Pelri Wittr. IIL Ew. VI N.
(E. eryptoporum Wittr. var. vulgare Wittr, 1I. Wh.

o

o=
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*3. . obsoletum Wittr. V. Go.
*4. (B, 2ig-zag Cleve,

Vegetative cells slightly thicker and spermogonia bieellular,

Crass cell. veget. 19-23 p; altit. 28—4-plo major;
y» 0OgOD, 58-5T p; ,, H0-55 p;
» cell. spermogon. 19u; , 675 u
1I. Ha.

*5. (. nobile Wittr. II. Ha.

6. . paludosum (Hass.) Wittr. 1II. C.
*7. & oblongum Wittr, II. Wh.

8. (. platygynum Wittr. VIIL L.
*9. . obtruncatum Wittr.

(E. dioicum, nannandrium ; oogoniis 4-continuis, globoso-
ellipsoideis, oosporis oogonia complentibus nannandrﬁ)ua ob-
longo - pyriformibus, curvatis, unicellularibus, in oogoniis
sedentibus,

Crass. cell. veget. 17-20 u; altit. 4-5-plo major;
»  DOZ0N0. 48-58 u; w 48-03p;
»  0OSpor, 47-52 u; ,, 47-51 u:
w coll. suffult. 26u;
» Dannandr, 9-5-14 g,

I1. Wh.

This plant comes nearest to the partially described (E. obtruncatum,
agreeing with it in all those characters mentioned by Wittrock. We
therefore describe the additional characters observed in the specimens.

10. . undulatum (Bréb.) A. Br. VIII. W,
*11. &E. eyathigerum Wittr. II. Ha.
12. &. Braunii (Kitz.) Prings. 1I. Ha.
13. (5. macrosperMUM 8p. n. (PL VII. figs. 6, 7.)

(E. dicicum, nannandrium, cogoniis singulis, magnis, sub-
depresso-globosis, circumscissilibus cum rima angustissima
submediana ; oosporis snbdepresso-globosis, oogonia complen-
tibus, membrana glabra; cellulis suffultoriis eadem forma ac
cellulis vegetativis ceteris: nannandribus in cellulis suffultoriis
sedentibus, paullo eurvatis, bicellularibus (?)

Crass. eell. veget, 13-13:5 u; altit, 4-5-plo major;
» OOgon, 44-46 1 ; s O09-20 u;
, nannpandr. 11°5 u; 5 38 u.

II. Ha.

The nearest gpecies to this is 5. propinguum Wittr., from which
it is distinguished by its slightly greater thickness and proportionately
longer cells, its much larger oogonia and oospores, which are depressed,
and the circumseissile oogonia.

14. &. macrandrum Wittr. 1. Ep.
15. (E. cardiacum (Hass.) Wittr., var. earbonicum Wittr. ITI. M.
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*16. (B. lautumniarum Wittr. The spermogonia were about 8-

el il

.’s-_.-"'l

=0

—

celled, and the supporting cells of the oogonia a little inflated.

II. Wh.
Ord. Siphones.

Fam. Vaucheriaceee.
Genus Vaucheria DC.

V. sericea Lyngb. 1II. Ki.
V. aversa Hass. II. Ru.
V. sessilis (Vaueb.) DC. IT. Ki. IIL M. VI. N.
V. geminata (Vauch.) DC. IIL. C. IV. Ks,
Var. racemosa Walz. IIL. B., F.
V. hamata (Vauch.) Lyngb. 1L Ki., Ru.
V. terrestris Lyngb. 1V. Bm,

I'am. Hydrogastracese.

Genus Botrydium Wallr,

B. granulatwm (L.) Grev. III. Ew., July 1893 ; also Oct.
1893, abundant. M. (L. A. Boodle ; 1892).

Ord. Confervoidese Isogams.
Fam. Ulvacez.
Genus Monostroma Thur.
M. bullosa (Roth) Wittr. III. M. (L. A. Boodle; 1891).

Genus Prasiola Ag.
P. erispa (Lightf.) Ag. 11 Bg., U. III. Kingston. 1V. He.

Fam. Ulotrichacesze.
Sub-fam. UrnorricHE.
Genus Hormidium Kitz.

. H. murale (Lyngb.) Kiitz. (Ulothriz radicans Kiitz.). 1. Ep.

[T, Wi,

H. parietinum (Vauch.) Kiitz. (Ulothriz parietina Kiitz.).

iVElp II. Pi. 1II. Esher. Frensham, Kingston, Wi
. Bm,

Genus Hormiscia Fries; Aresch.

H. subtilis (Kiitz.) De Toni. 1V. He.
Var. variabilis (Kiitz.) Kirchn. (Ulothriz variabilis Kitz.).
I Ep. II. Hy. IIL Dj,E. Ew., Mp., Wi. IV.Cb.
Ra' V. Go.
Var. tenerrima (Kitz.) Kirchn, (Ulothriz tenerrima Kiitz. ).
' Ep. 1L Ru. III E, Rp., Wi.
¢ 2
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" Sub-fam. CoNFERVEE.

Genns Conferva L.; em. Lagerh.

1. C. bombyeina Ag. Generally distributed and abundant.
' Forma minor Wille. General and abundant.

92 (. Racitborskit Gutw. VI. N.

Genus Mierospora Thur. ; em. Lagerh.

1. M. floccosa (Vauch.) Thur. I. Ep, II. Ha, Pi
2. M. Wittrockit (Wille) Lagerh. III. C.

3. M. abbreviata (Rabenh.) Lagerh. II. Pi.

4. M. fontinalis (Berk.) De Toni. VII. Street.

Fam. Chroolepidacez,
Genus Mierothamnion Nig.

1. M. strictissimum Rabenh. 1863. (M. vexator Cooke 1882).
I. Ep. IIL B, Br, Di, Ew., M, P, Wi, VL N.

There is no doubt that Cooke gave the name M. vexator to the
plant previously described by Rabenhorst as M. strictissimum. Dr.
Nordstedt (in K. Sv. Vet.-Akad. Handl,, Bd. xxii. No, & p. 15) sug-
gests that they are identical. Cooke (Brit. Freshw. Alg, p. 188)
states that his species is “ very much more slender than M. strictis-
simum,’ and gives as the diameter 003 mm. Nordstedt’s measure-
ments of M. vexator are 3—4 p (diam.) Rabenhorst’s measurements
of M. strictissimum are 1/700-1/600 of a Paris line (= 3—4 u);
therefore - Cooke, in giving the above statement, must have made a
mistake in converting Rabenhorst’s measurements to mm.

2 ﬂ{r J%iifﬁngmnum Nig. I Bp  IIL E., Bu.,Rp.' IV. Ch.
- Go. :

Fam. Cladophoracese,

Genus Cladophora Kiitz.

1. C. flavescens Ag. II. Wh. IIIL. Cr, Ra.
2. C. erispata (Roth) Kiitz. II. No. III. Bh.
3. C. glomerata (L.) Kiitz. II. Ha, Hy. VL N.

Ord. Conjugats.
Fam. Zygnemacesz.
Sub-fam. MESOCARPEE.
Genus Mougeotia Ag.

1. M. scalaris Hass. III. Ew.

2. M. recwrva (Hass.) De Toni. VI. N.

3. M. parvula Hass. 1. Ep. IIL. Ew, Wi. VIIL T.

’ %TI gqumuﬂs:m (Dillw.) Ag. IL No, U. III Ew., Wi

=
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enea, et atroccerulea, in una cellularum conjugatarum inclusis ;
cellulis fruetiferis valde inflatis cirea zygosporas.

Crass. fil. veget. 14:5-17 u (plerumque 15-16 p) ;

{%Tiau;{ zygosp. 23-26 p (usque ad 29 u long.).

This species comes nearest to Z. melanospermum Lagerh. and
Z. eyanospermum Cleve. It differs from the former in its narrower
filaments, in its subglobose zygospores, and in having the fructiferous
cells much inflated round the zygospores; from the latter, 1n its
narrower filaments and much smaller zygospores, which are not situ-
ated in the conjugating tube between the filaments. ¢

4, Z. ericetorum {Kiitz.? Hansg, I. Ep. IIL Pu, Th, Wi

0. Z. pectinatwm (Vauch.) Ag. VI N,

(Genus Spirogyra Link.

1. 8. tenuissima (Hass) Kitz. IL Ha., U, Wh., IIL M.
2. 8. inflata (Vauch.) Rabenh. III. Ew., M.

*3. S. Spréeiana Rabenh, III, Ew.

4. S. Weber: Kiitz. Il. Ru. IIL Ra,
*5. 8. calospora Cleve.

The cells are 4 to 7 times longer than broad ; sporiferous cells
very slightly inflated to accommodate the zygospore, which is a
lit:{a broader than the vegetative cells. 'I'he zygospores were usually
oblong-elliptic, and only 1} times longer than broad although occa-
gionally twice as long. The median spore-membrane is covered so
densely with large somewhat angular scrobiculations of variable size,
that its surface view appears a mere reticulation. Petit's figure
(Spirogyrz des envir, Paris, pl. ii. f. 13) of an enlarged portion of the

zygospore of this species 18 very incorrect.

Crass. cell. veget. 31-36°5 p; crass. cell. fruct. 41-52 u;
long. zygosp. 75-87 p ; lat. zygosp. 40-50 w. II. Ru.
G. SI'I gl?%acﬂis (Hass.) Kiutz. var. flavescens (Hass.) Rabenh.
. Ru
7. 8. catwniformis (Hass.) Kiitz. III. M. VI N.
8. 8. affinis (Hass.) Petit. III. E., M.
9. 8. varians (Hass.) Kiitz. IL Ru. III. B. VIL Street.
10. 8. porticalis (Miill.) Cleve. 1V. He.
11. 8. decimina (Miill.) Kiitz. IIL. Fh.
Var. oYLINDROSPERMA var. n,

Var. zygosporis exacte cylindricis, diametro 2-3}-
lo longioribus, apicibus late rotundatis, cellulas
ructiferas pene complentibus.

Crass, cell, veget. 40-44 u ; long. zygosp. 92-140 u;

lat. zygosp. 3943 p. III. FI,
12, 8. nitida (Dillw.) Link. II, Ha, III. TFl, Wi
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I. B IIL. Bi. G, E., BEw, Pu, B IV K& - VLI, D.
G,H,H.,T, W,
Var. constrictum West. VI N,
7. P. interruptum Bréb. IIL. Pu,
8. P. Nigelii Bréb. III. Th. VI N.
Long. 115 p: lat. 25 p.

VIII.

X N 9. P. libellula (Focke) Nordst. (P. closterioides Ralfs). III. C.,

“Th, Wo. ¥II. D VIII. H

Forma interrupta West. IIIL. C.

10. P.?Mavicula Bréb. 1. Ep. 1II E., Ew., Fh.,, Th.
VI. N NIT“D* “YIII.H., L. ;

11. P. rufescens Cleve (P. rufopellitum Roy). TIL Bi
12. P.euwrtum Bréb. III. Pu.,Th VII Gp.

Forma magjor Wille, III. Mp.

Long. 59 p; lat. 30-32 u.
13. P. suboctangulare West. VI. N. (with zygospores).
14. P. susTie sp. n. (Pl VI. figs. §, 9.)

IV. Ks.

P. minutissimum, pene 13-plo longius quam latum,
ellipticum, apicibus subtruncatis, medio ecum sutura mediana
delicatissima (levissime constrictum) ; a vertice visum exacte
circulare ; membrana achroa, delicatissime et indisfinete
punctulata, punctulis sparsis circiter 12 in semicellula una-
quaque. ;
Long. 14-15 w ; lat. 10-11 u. IIIL Th.

This minute species was in abundance and was perfectly constant

in its characters. The widest part of the cell is always in the middle,

and the apices are always flattened.

It can be compared with Disphinctium sparsipunctatum Schmidle
(in (Esterr. botan. Zeitsehrift, 1895, No. 7, p. 14 (sep.) t. xv. {. 1-6),
from the unconstricted form of which it differs in the form of its cells,
its much more delicate punctulations, and its circular vertical view.

15. P, truncatum Bréb, VII. D, VIIL T., W.

16. P. polymorphum Perty. III. C. VIII P.

17. P, inconspicuum West. IIL Pu. IV. Ks.

18. P. eruciferum (De Bary) Wittr. I Ep. III. Wi,
= 19. P. cucurbitinum Bissett. 1. Ep. TIL Th.

20. P. minutum (Ralfs.) Cleve. III. C, Pu, Th.
¥ LL L VIR W, oA AL i ¥

Genus Roya West & G. S. West.

VL N. M

1. R. obtusa (Bréb.) West & G. S, West var. montana West &

G. 8. West. I. Ep. III Ew.

ok Genus (losterium Nitzsch,
p SN abruptum West. III Pu, Wi. VI N. VIL D.

f. s
(Vo

2. C. didymotocum Corda, TII. C, Th. VIL. D. VIIL H, P

—
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Some slander_ forms of this species were observed from the New
Forest (long. 405-418 p.; lat. 28-34 u), with rather more attenuate
and slightly recurved apices; some of these were distinetly but

minutely asperulate, being covered with somewhat irregular and
depressed granules,

3. C. turgidwm Ehrenb. I Ep. III. Th. VI.N. VIIL L.
4. C. praelongum Bréb. IIL Mp, ~

ForIn:ia:n[ Er;‘eﬁviw West. I. Ep. IL Ru. (with zygospores).
5. C. Pritehardianum Arch, VIII. Tm. (with zygospores).
Long. 440-590 p ; lat. 35-46 p ; lat. apic. 7-8 x; diam.
zygosp. 83—108 .

This species was observed with zygospores in quantity. The cells
were of the same proportions as those described by Archer, but the
apices were generally a little narrower. The cell-membrane was of
a uniform golden-brown colour, and the fine striolations, which con-
sisted of a series of fine puncta, were arranged subspirally as in forma
crassa Gutw. (in Rosprawy Akad. Umiej Kratow. Wydzial. mat.-
przyr., t. xxiii. (1896) p. 38, t. v. f. 13). Towards the apices, how-
ever, these puncta became irregular (cf. PL 1. fic. 4). One zygo-
spore was noticed which had been produced by the conjugation of three
individual cells (PL. VI. fig. 5). |

6. C. Smuiqua sp. n. (Pl VI figs. 1, 2)

C. submediocre, cellulis diametro ecirciter 10-plo longi-
oribus, leviter curvatis, dorso modice eurvato, in medio subrecto,
et prope apices levissime concavo, ventre levissime concavo,
parte mediana cellularum cum lateribus subparallelis, apices
versus gradatim attenuatis, apicibus subangustatis, levissime
recurvatis subrotundatisque ; membrana achroa glabra; pyre-
noidibus in serie singula subirregulariter dispositis, in semi-
cellula unaquaque 7 vel 8 ; locellis apicalibus terminalibus et
corpuscula oblonga singula includentibns. _

Long. 217-250 p; lat. 21-24 u; lat. apie. 4 u
I11. Ew. '

This species is distinguished from C. Pritchardianum Arch. by
its much smaller size, its much more tapering and narrower ex-
tremities, us well as by its smooth and colourless membrane. From
C. littorale Gay it differs in being a little longer, in the absence of
the slight ventral inflation, and in the blunter and slightly recurved
apices, It may also be compared with C. subangulatum Gutw., from
which it differs in the subparallel median portion of the cells, in the
absence of the ventral inflation, in the more convex dorsal margin,
as well as in the recurved apices. From all the above, the living
emmglea are distinguished by the terminal locellus possessing but
one oblong movable corpusele.
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*7. C. littorale Gay. 1I. Kg. VIII. Tm.
8. C. acerosum (Schrank) Ehrenb. General; zygospores from
Kingsbury, Middlesex. ,
9. 0. lunceolatum Kitz. 1. Bp. (with zygospores). II. Ki,
Wh. III. B, Do, Fh. IV. He.
Var. paxvun var. n. (Pl VI fig. 3).
Var. duplo minor. Long. 183 p; lat. 21 p.
I1I. Do., in ditch amongst Spirogyra sp.
10. C. lunula (Mill) Nitzsch. I. Ep. III. B, E, Ew., Pu,
0 B TV, R o VIR AG H Sl
<~ 11.7C. Ehrenbergii Menegh. I Ep. II Ha. IIL B, C, Ew,
Fh., Pt., Wi. (with zygospores). IV. Cb.

A pure gathering was obtained from a ditch in Roehampton Lane,
Putney Heath, Surrey.

12. C. Malinvernianwm De Not. I1II. Ew., Fh.

Forms were observed with rather more attenuate apices, which

were obliquely subtruncate. Long. 284-859 u; lat. 41-48 u; lat.
apic. 7 w. VIIL Tm.

13. C. moniliferum (Bory) Ehrenb. General and abundant.

14. C. Leibleindi Katz. 1. Ep. II. Ha., No, Wh. III. Cr,
Ew., M., Mp., Ra, Rp.,, Wi, Wt. V. Go. (with zygospores).
YN - VI8

15. C. Diane Ehrenb. 1, Ep. III. C., D, Ew., Mp, Wi
VI H,, L, T, Tm., "W, ;

16. C. pseudodians Roy. III. Th.

—1“ 17. C. parvulum Nig. General; zygospores from Esher West-
end and Mitcham Commons, Surrey. _

18. C. calosporum Wittr. forma major West & G. S. West. V.
Go. (with zygospores).

19. C. Venus Kiitz. 1. Ep. III Ew. (very abundant in April
1895), Mp., Pu. VL. N. VIIL G, L.

20. C. trochiscosporum West & G. S. West. V. Go. (abundant
with zygospores).

21. '1?' %&nmrﬁ Ralfs. IIL Bi., Mp, Pu, Th, VL. N. VIIIL.

b s

22. C. Cynfhia De Not. IIL. Pu. VI. N.

23, C. Archerianum Cleve. VI. N. VIIL G.

24. C. costatum Corda. 1. Ep. IL. Ru. III. E, Ew., Pu., Th.
IV. Ks; V. Go. VI N.. VIIL &. H.H., T, Tn.

25. C. regulare Bréb, III, Pu., not uncommon. Small forms ;
long. 226-232 4 ; lat. 24-26 4.

26. C. striolatum Ehrenb, General ; pure gathering from a pool
on Wimbledon Common, Surrey.

Var. orthonotum Roy. 11L. Dj, B, Fh, Pt, Wi. IV. K
VLN, VILD, VIL &1 : i
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2, P. Ehrenbergii (Bréb.) De Bary. I Ep. IIL C. Ew, Mp,
Pu, Th. (with zygospores), Wa., Wi, Wo. IV. He, Igﬂ
Y. Go. NE-D! VL G., ByL., T Tu, W,

Diam. zygosp. 70 pu.

3. P. Trabecula (Ehrenb.) Nig. (P. maaimum (Reinsch) Lund.
var. occidentale West), 1. KEp. IIL Fg, Mp, Ra, Rp, Th,
Wi YEN. VIED

4. P. truncatum (Bréb.) Nig. III. B, C, Di, Ew, M, Mp, Wi.

Genus Tetmemorus Ralfs,

1. T. Brébissonit (Menegh.) Ralfs. IIL C,E,Th. VIL D, Gp.
VLT, H
2. T. granulatus (Bréb.) Ralfs. I Ep. III Bi, C, E., Th.; Wa.
IV.Ks. VII. D, Gp. VIIL G, H., L., T. (with zygospores), W.
. T leevis (Kiitz.) Raelfs. 1. Ep. IIL Bi, G, E, Pu.,, Th, Wi
LY. Kel NV D Gp: VILEG, H HIL T

e}

Genus Fuastrum Ehrenb.

1. E. verrucosum Ehrenb. III. Mp, Pu. IV. Ks. VI N.

VIII. G., Tm.

E. oblongum (Grev.) Ralfs. I. Ep. IIL Ew., Mp,Pu. IV. Ks.

YL T Gps b NI G HL P

3. Ei;cmsswm (Bréb.)) Kiitz. III. C,Th. VII. D, VIIT H,
W.

Var. serobiculatum Lund. VI, N.

4. E. ventricosum Lund, TII. Th.

0. E. humerosum Ralfs. VIII. H.

6. E. afiine Ralfs. 1IIL C. ,

7. E. ampullacewm Ralfs. TIT. C, Dj. Th. VIIL D.

8. E. insigne Hass. T1II. C. VIL D. :

9. E. didelta (Turp.) Ralfs. TIII. Bi, C, E, Pt, Th. TIV. Ks.
YIENG VAT DGyt VAL *Hi

Forma scrobiculata Nordst. VI, N.

10. E. cuneatum Jenner.. I11. Th,

11. E. ansatwm Ebrenb. 1. Ep. IIL Bi, E, Pu, Th. IV. Ks.
NEL Gp. "VIIENG H LFT,} W. 3

12. E. sinwosum Lenorm. III. Th. VI. N. VIIL D,

13. E. pectinatum Bréb. 1. Ep. TIL Bi, Mp., Th. (with Zygo-
spores). IV.Ks. VI. N. VIL D. ?Iﬁ. G. (with zygo-
EE'OI'EE), Bl L T . W

14. H. gemmatum (Bréb.) Ralfs. VII. D. VIII. H.

}5. g T?ﬂtrmium Ralfs. VIL D. VIII G.

6. B. elegans (Bréb.) Kiitz. I. Ep. III Bi,Pu,Th. IV.Ks.
Y. 11,;1 : (Ev}:éh zygospuiea). ’VIII.:j L Clp: oo VL G-, HL ;
ar. bedentatum (Nig.) Jaecobs, ITI. Ew., Mp., Pu. V. Go.

VI.N. VIL é}p. ”*}HH. i ol et

b2
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17. E. inerme (Ralfs) Lund. IIL. Th. VIIL D.

18. E. erosum Lund. var. nofabile West. 1. Ep. IIL Bi. VIII. L.

19. E. pyramidatum West. III. Th. VIIL. W,

20. E. insulare (Wittr.) Roy. VL N,

21. E. binale (Turi;) Ehrenb. I. Ep. IIL Bi, C, E, M., Mp,,
Pu, Th. IV.Ks. VL N. (with zygospores). VIL D, Gp.
VIII.G.,H,HL, E, L, B, W.

Forma minor West. III, Pu.
Var. elobatum Lund. III. Ew.

22. E. denticulatum (Kirchn.) Gay. III Bi, C, E, Ew., Mp,,

The s IV, Ea NI.N. VILD. YIILL

Genus Micrasterias Ag.

1. M. mucronata (Rabenh.). III C., Th.
2. M. americana (Ehrenb.) Ralfs. III. Mp.
3. M. angulosa Hantzsch. III. Th. VI. N.
4. M. denticulata Bréb. 1II. C., E., Ew, Th. (with zygospores).
IV.Ks. VIL D. VIIL H.(with zygospores), HI,, R., Tm., W.
5. M. rotata (Grev.) Ralfs. IIL. Pu. IV.Ks VIL D, Gp.
VIOL L, R, Tm,
6. M. Thomasiana Arch. III. C., Th.
7. M. radiosa Ralfs, TII. Mp.
8. M. papillifera (Bréb.). III. Th. VII. D. VIIL L.
9. M. truncata (Corda) Bréb. III. Bi, C, E, Th. VIIL D.
NIIL .G, Hl., W.
Var. Bahusiensis Witte. VI. N.
10. M. Jenner: Ralfs, III. Th. VI. N,
Var. simplex West. VI. N.

Genus Xanthidiuwm Ehrenb.

1. X. armatum (Bréb) Rabenh. III. C, E, Th. VII. D.
VIIL H, R, W.
2. X. fasciculatum Ehrenb. TIL. Ew, Mp. VIIL H,
3. X. cristatum Bréb. VL. N. VIIL G., H. :
4. X. antilopeum (Bréb.) Kiitz. 1. Ep. IIL. Mp, Th. (with zy-
- gospores). VL N. VIL D. VIIL G, H. _
5. X. Smithii Arch. var. variabile Nordst. IIL Dj. (with zygo-

spores), E., Th.

6. ﬂﬂﬂﬂiﬂﬂ!&m Arch. (Arthrodesmus hexagonus Boldt).

The typical form is rather more deeply constricted than the var.
Boldtianum ; there are two small mucros at the apical angles, but only
one at the lateral angles, this character being well seen in vertical
view. (PL VI fig. 15.)

Long. 9-9°5 p; lat. 8. muer. 9:5-10°5 u; lat. isthm.
2+5-3 u; crass. 7 w. III Pu, Th.

Var. Boldtianum West (Arthrodesmus hexzagonus Boldt
forma Boldt). IIL Th.
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Genus Cosmarium Corda,

1. C. quadratum Ralfs. 1. Ep. IIL. Bh, Mp, Pu, Th, Wi
Y. K5 ¥ Go. VI-N. VI G W

2. C. Nymannianwm Grun. IIT. Th.

/8. C. Hammeri Reinsch. VIII. G.

/4 C granatum Bréb. 1. Ep. IIL Fg, Rp. IV.Ks. VL N.
VIiI. D, VIIL K.

Yar. subgranatum Nordst. I. Ep. IIL Rp. VIL 8.

5. C. trilobulatum Reinsch. VI N.

6. C. tetragonum (Nig.) Arch, I Ep.

7. 0. Cucumis Corda. I Ep. III. Ea, Mp, Pu. V. Go.
VI SH B

*8. 0. subcuewmis Schmidle (in Berichte der Naturf (esellsch.
Freiburg, Bd. vii,, Heft 1, p. 98, t. iv. f. 20-22).

The forms seen were relatively longer and the sinus was rather
more open, There were two large pyrenoids in each semi-cell. The
relative proportion of breadth to length in Schmidle's specimens was
1:1:42; that of ours was 1:1:79.

Long. 64-77 pu; lat. 38-44 u; lat. isthm. 13-5-18 4 ;
crass. 25-27 p. 111, Ew. (abundant Feb, 1894), Wi

9. C. Ralfsii Bréb. IIL C. VII D.

10. C. pachydermum Lund. TIT. M., Mp. VIIIL Tm,

11. C. canaliculatum West & G. S. West. V. Go.

12. C. pyramidatum Bréb. III. Bi, C, Rp.,, Th. VIL D., Gp.

?Iﬁ. G.

13. C. pseudopyramidatwm Lund, JII. Th. VII. S,

14. C. variolatum Lund. III. Th, IV. N.
*15. C. ocellatwm B. Eichl. & Gutw. (in Rospr. Akad. Umiej.

Krakow. Wydz. matem.-prz., ser. ii. tom. viii. vol. xxviii. (1895)
p. 164, t. iv. f. 7. :
Var. inorassaTuM var. n. (PL VI, fig. 12))

Var. sinu semper aperto; semicellulis” apicibus sub-
truncatis, in centro incrassatis et luteo-fuscis, cum
aﬁm’_nieulis parvis 3-6; a latere visis circularibus; a
vertice visis ellipticis, incrassatis, et leviter tumidis,
ad medium utrobique,

Long. 28-30 p ; lat. 24-26 p ; lat. isthm. 5:5-6:5 4 ;
crass. 14-5-15 u. III. Th. VI N.

The thickened area in the centre of the semi-cells is always more
or less coloured, and possesses a central larger scrobiculation surrounded
by a variable number of somewhat smaller ones,

16. C. nitidulum De Not. III. Th.

17. C. subtumidum Nordst. III. Dy. IV. Ks. VII
*18. C. Kiebsii Gutw. VI N, 4 b e
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19. C. Phaseolus Bréb. TI. Wh, III. Bi, Dj, E, Fg, Mp,
Th., YIS VL G., 1,

Eﬂrma minor.
ong. 21 x; lat. 18 w; lat. isthm, 5°5 p; erass. 10 u;
i it 4 A s
20. C. fontigenum Nordst. III. Pu.
Long. 22 yu ; lat. 25 p; lat. isthm. 6 u; crass. 115 u.
21. O. tetrachondrum Lund. TII. Mp.
22, C. Seenedesmus Delp. L Ep. 1II. Th,
23. C. pseudoprotuberans Kirchn. 1. Ep. IIL Th. (with zygo-
spores). VI. N.
24, (]::"0 rectangulare Grun. III. C, Dj, E.
26. O, imianspiﬂuum West & G. S. West. III M. (with zygo-
spores).
26, -‘E’JFG bioculatum Bréb. II. U. TII. Bi, E, Ew, Mp, Pu.
(with zygospores), Th.,, Wi. VIII. W,
Diam. zygosp. s. spin. 17-19 wu; c. spin. 26-28 . (Pl
Vil g L)
Var. depressum Schaar. I. Ep. 1IV. Ks.
Var. m1ans var. n.  (PL VL fig. 24.)

Var. sinu a%)ertir:nri extrorsum, marginibus inferioribus
semicellularum convexis, apicibus rectis vel levissime
retusis ; membrana distincte punectata.

Long. 17-19 w; lat. 15-18 u; lat, isthm. 354 u;
crass, 7'5-8:5 u. III. Pu, Th.

This comes nearest to C. bioculatum var. ereavatum Gutw., but
is proportionately shorter; the apex of the sinus is subacute; the
apices of the cells are straight or very slightly retuse; and the
membrane is punctate.

*27. C. aspherosporwmn Nordst., var. strigosum Nordst. III. Pu.s
Long. 10-5-11 w; lat. 9 5 p; lat. isthm. 55 p ; erass.
5 .
28, . tinctw’; Ralfs. 1. Ep. III Di, E., Ew, Pu, Th, Wi
TV RS v N VAL G VT T CE ol,
29. C. suceisum West. TIII. Pu.
30. C. abbreviatum Racib. I. Ep. II. U.
31. C. pygmeewm Arch. IIL. Mp.
32. O. truncatellum Perty. TII. C. :
Long. 9:5-10"5 p; lat. 12:5-14-5 p; lat. isthm. 5°5 p;
crass. 5 u. (PL VII. fig. 3.)
*33. (. geometricum West & G. S. West. [II. Pu.
*34. O, hexangulare Nordst. IIL Th. . _
*35. (. Heimerlic West & G. 8. West. (C. menutissimum Hei-
merl non Arch.) III. Mp, Th. IV. Ks.
36, C. spmaeniconuym sp. n. (Pl VI figs. 13, 14.) _
O, minntissimum, paullo latins quam longnm, modice con-
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strictum, sinu brevi et aperto; semicellula subtrapeziformes,
angulis superioribus oblique truncatis, lateribus divergenti-
bus sursum, apicibus latis, rectis vel levissime retusis; a latere
visie subairculpares ; & vertice vise elliptico-oblong, polis sub-
acutis, medio utrobique leviter tumidz, polos versus utrobique
papilla instructe ; pyrenoidibus singulis. :

Long. 10:5-115 g ; lat. 11-13-5 u; lat. isthm. 5-

55 u; crass, 6°5 p. IIL Th.

We also have this minute species in immense quantity among
Sphagnwm from Mossdale Moor, Widdale Fell, N. Yorks. 1t is most
nearly related to some forms of C. Heimerliz in vertical view, but the
front view is quite distinet. The figures are all taken from Yorkshire
specimens. :

37. C. Regnelles Wille. I. Ep. II. Ha. III Bi. VIIL S
38. C. impressulum Elfy.  I.Ep. IL.U. IIL Fg,Mp. VILS.
VIIL Tm,
39. ]g' ismsmm (Breb.) Arch. VI N. VII. D. VIIL G,
Var. majus Wittr, III. Th, VI N.
40. C. lzve Rabenh. 1. Ep. IV. He. VIIL T.
Var. seplentrionale }:Wille. LEp. #2Wh, I, Pu.
41. C. Meneghinii Bréb. General.
Forma octangularis Wille. II. Wh. TII. B, Di, M
Mpt, Wi Y. K8, V. Gol VAT GP T
Var. Wollei Lagerh. VII. D.
*42. C. difficile Liitkem, III. Th. VI. N. VIIL T.
*Var. subleeve Liittkem., VIII. T., W.
*43. 0. wmbilicatum Liitkem. II. Wh., abundant.
44. C. concinnum (Rabenh.) Reinsch. III. Pu., Th.
45. C. obliguum Nordst. TII. C. |
46. C. Begnesit Reinsch. TIL. Th, (with zygospores), Pu., abun-
dant. VI, N.
47. C. montanum Schmidle (C. Pseudoregnesii West & G, S. West).

I. Ep.
*48. C. ﬁﬂﬂ&’ Semliz Wille var. sibiricum Boldt. VI. N, very
abundant, June 1897.
49. C. eymatonotophorum West. III. Th. VI N.
*50. C. Sinostegos Schaarsm. var. obtusius Gutw. I1I. Pu.
o1, C. avoxum sp. n. (Pl VII. fig. 24.)

C. minutissimum, paullo longius quam latum, profunde
constrictum, sinu linear1; semicellulse late pyramidato-trapezi-
formes, angulis basalibus oblique rotundo-truncatis et leviter
divergentibus, lateribus (superioribus) subreetis vel levissime
retusis, apicibus late truncatis rectisque ; a vertice viswm ellip-

D
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ticee, polis rotundatis, ecum papilla prominente ad medinm
utrobique. :
Long. 10-11 p; lat. 9:5 x; lat. isthm. 3 u; erass.
6 p.. VL N.

This minute species is nearest to . Sinostegos Schaars. var. ob-
tustius Gutw., but differs in being proportionately longer, in the more
rounded and more rectangular basal angles, and in the rounded poles
of the vertical view. It is very distinet from typical C. Sinostegos.

52. C. substriatwm Nordst. 1II. Dj., Fg., F1, Mp,, Rp. V. Go.
VI N NIIL 8. "V H.
53. C. notabile Bréb. VIIL, T., W,
*Forma media Gutw, VI. N.
Long. 25 u; lat. 16 w; lat. isthm. 9 p.
54. C. crenatwn Ralfs. 111, Di, Ra, Wi, VIIL H,, P, T\
55. C. suberenatum Hantzsch. 1. Ep. 1L Wh. 1II. Wt.
56. CO. hewalobum Nordst. var. minus Roy et Biss. 1. Ep.
57. O undulatum Corda. 111, D1, Ew.
58. C. eymatopleurum Nordst. var. tyrolicum Nordst. VIII, Tm.
59, C. tetraophthalmum (Kutz.) Menegh. III. B., Th. IV. Ks,
VLN, Vil 6 T

v Var. Lundellis Wittr. 1. Ep. III.Fg., Rp. VIIL G., T.

60. C. ovale Ralfs. VI. N.
*Var. subglabrum West & G. 5. West. VI. N,

61. C. Brebissonit Menegh. III. Th. IV, Ks. VIL D.

Vi, B, B W,
Forma erosa West. 1II Ew. VIII. T, W.

62. O. latwm Bréb. II. Wh.

63. C. margaritatum (Lund.) Roy et Biss, IIIL Fg., Th., very
aburdant. VI. N.

64. C. conspersum Ralfs. IV.Ks. VIILT.

65. C. margaritiferum (Turp.) Menegh. 1I. Ki. IIL C., Rp,
Wis Y. Ke L OVELE: DU LT

66. C. reniforme (Ralfs) Arch. IIL Mp., Th. IV. Ks. V. Go.
VIIIL K., T.

67. C. Portianum Arch. IIL Mp., Pu, Th. VIL D. YIII. G.

*Var. orthostichum Schmidle. TIL. Pu,

68. (. ameenum Bréb. IIL Th"s,rI;Hu}L H, L

0. (. Logiense Biss. 1. Rp. a5 .

'?[!. C. pufwt-u?atmn Bréb. 11U, Wh. IIL. C, Pu., Wi. IV. Ks,
YiL D5 VL L

71. C. subpunctulatwm Nordst. 111 Ep., Th. Wl VI B, T.

Numerous specimens of this species were observed from the New
Forest, all of which had rather more prominent central granules than
the original examples from New Zealand. (PL VI. fig. 19.)

Long. 83 w ; lat. 31 p; lat. isthm. 9 u; crass. 18 pu.
Var. Birgesenit West. I1IL FL, Mp.
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. trachyplewrum Lund. var. miénus Racib. forma Borge {in; Bih.
till K. Sv. %};t.-filmd. Handl, Bd. 19, Afd. iii. p. 28, t. 1. fig. 30) 18
C. subpunctulatum var. Birgesenii, and not a form of C. trachy-
pleurun.

72. C. sphalerostichum Nordst. IIL. Th. VII. Gp. VIIL. T., W.
73. C. abruptum Lund. VIIL H.
74. C. Blyttii Wille. ITI. Bi., Th.

Var. Novae Synve var. n.  (PL VL fig. 10.) \

Var. paullo major, oblongo-subrectangularis, crenis late-
ralibus prominentibus et truncatis, serie singula
granulorum (10) intra margines, In centro semi-
cellularum cum annulo granulornm 5, eo superior:

. maximo.

Long. 22 u; lat. 17°5 w; lat. isthm. 5°5 u; crass.
10 VRN

This variety was in abundance, and is nearest to C. Blytivi subsp.
Hoffii Birgesen, from which it differs in being pro ortionately longer,
in 1ts more pronounced lateral crenations, and in the central granules
of the semi-cells. In comparing our variety with Borgesen's, we have
taken his figure, which is almost as broad as long; his measure-
ments indicate that it is 1} times longer than broad, and are evi-
dently incorrect. His figure is also under a wrongly stated magni-
fication.

. 75 @ Buckii Wille, IT. Mp: Bps Wi IV, Heis, YN
- WERLEH
76. C. subcostatum Nordst. L Ep. II. Ha., U. IIL M. (very
abundant), 1894, Mp, Pu., Th. TIV. He.
77. C. rastiprosom sp. n.  (PL VL. fig. 11.)

C. parvum, paullo longius quam latum, profunde constrie-
tum, sinu angusto lineari extremo ampliato; semicellul®
angulari-semicirculares, angulis basalibus rotundatis, apicibus
late truncatis, in margine laterali unoquoque granulis 7 (vel 8),
apicibus glabris, granulis minutis paucis intra margines sub-
concentrice ordinatis, in centro granulis majoribus depressis
3-—4; a latere vise globose; a vertice vise elliptice; ad
medium utrobique cum granulis latis depressis tribus, polis
granulatis cum granulis minutis in seriebus transversis ordi-
nafis, in centro glabro ; pyrenoidibus singulis magnis.

Long. 37-38-5 p; lat. 83-36 x; lat. 1sthm. 11 p;
crass. 21 p. V. Go., frequent.

This species approaches C. subreniforme Nordst., C. subcostatum
Nordst., and C. Beeckii Wille, but differs sufficiently from all of them.
*78. C. alatwm Kirchn. VII. S.
79. C. Gregorit Roy et Biss. 1IL. Pu. VII. S,
80. O. Kjellmani Wille subsp. grande Wille. TIT. Ra.

D 2
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*81. O. Nathorstii Boldt. TIT. Mp.

82. D. formosul ~ - i
B 1{3' wm Hoff. IL Ha, Ru, Wh. III, Ew, Pu., Ra,
83. C. quinarium Lund. TIL Mp. VI. N,
84. gin:Irritharﬂ-um Bréb. I1I. Wh. IIL Ew. IV.Es VIL B.
85. C. Botrytis (Bory) Menegh. General and abundant ; zygo-
spores from Harefield, Middlesex ; Frensham Great Pond, and Mill-
pond E, of Chapel Wood, Surrey.
Var. mediolzve West. III. Ew. IV. He.
Var. tumidum Wolle. I Ep. V. Go. (with zygospores
in abundance).

. This variety does not differ from the type sufficiently to warrant
its being placed as a species (C. subbotrytis Schmidle). Moreover,
the zygospores are precisely similar to those of the typical form.

86. C. Turpinit Bréb. (Inclus. C. Turpinii var. Lundellii

Gutw.). III. Mp., Ra., Rp. VII. 8.

87. C. eboracense West. III.PH-p.

88. C. Quasillus Lund. III. Ew., Wi

89. C. Corbula Bréb. 1. Ep. III. C., Ew., abundant.

90. C. Sportella Bréb. I. Ep.

91. %kbiretum Bréb. II. Wh, pure gathering. IIIL Di., Ew.,

92. C. Broome: Thwaites. III. Mp.

*93. U. subbroomei Schmidle. I1I. Mp.

Long. 42 p; lat. 38 u; lat, isthm, 12 u; crass. 23 pu.
(Pl VL fig. 20.)

We are a little uncertain exactly where to place this plant ; it is cer-
tainly not C. Broomei Thwaites, nor is it C. pseudobroomei Wolle, and
is a species we have not previously observed. It appears to be nearer
to Schmidle’s species (in Ber. d. Nat. Gesellsch. Freiburg, Bd. vii
Heft i. p. 104, t. v. . 22-24) than any other, but the granules are
more numerous, and those in the centre of the semi-cells do not
project so prominently when seen in vertical view.

94, C. confusum Cooke var. regularius Nordst. IIL. Bi, Mp.,
Pu., Th. (with zygospores). VI.N. VIL D. VIIL G., H.
Subsp. ambiguum West. IIL Pu., Th. :
95. C. ochthodes Nordst. I. Ep. IIL. Ew., Mp., Wi V. Go.
VI G, H., Tm. |
96. C. orthostichum Lund. IIL Th. VI N,
*97. O. Ungerianum (Nig.) De Bary var. SUBTRIPLICATUM var n.
(PL. VL fig. 21.) ;
Var. semicellulis oblongo-rectangularibus, angulis supe-
rioribus rotundatis.
Long. 67 p; lat. 54 w; lat. isthm, 22 p; crass. 36 p.
II1. Mp., frequent.
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This variety is of the same dimensions as the typical form, and
has the same arrangement of granules, but the outward form of the
semi-cells is characteristically subrectangular. At first we considered
it might be a large variety of C. triplicatum Wolle; but on comparison
with specimens of that species, we found that, although the form was
the same, yet the English plant was of larger size, and the arrange-
ment of the granules was quite different (but like that in C. Ungeria-
num).

98. O. ceelatwm Ralfs. I Ep. IV.Ks. VIL Gp.

99. C. commissurale Bréb. 1I. Ha.

100. C. ornatwin Ralfs. III. Mp., Th. (with zygospores). VI.N.
(with zygospores). VIL. D. VIIL G, H, L.

101. C. eristatum Ralfs, III. Th.

102, C. speciosum Lund. I E

103. C. esthmium West., IIL. Pu

104. C. orbiculatum Ralfs. IIL. Bi. VI N,

105. C. contractum Kirchn, IIL. Pu,

106. C. ellipsoidewm Elfy. IIL Th.

* Var. minus Racib. III. Th.
Long. 18 u; lat. 135 p.
107. C. arctoum Nordst. VI. N.

A small and rather irregular form. Long. 14 wx; lat. 195 u;
lat. isthm. 7 p; crass. 75 p.

108. C. pseudarctoum Nordst. III. Ew.
*109. C. subarctoum (Lagerh.) Racib. TII. Ew.
Long. 15-17 u; (lat. 135 p; lat. isthm. 8°5 p; crass.
8-5

e
110. C. globosum Buln. VII. D., abundant.
*Var. minus Hansg. I. Ep.

This was in great abundance. and most nearly approaches the
form figured by Nordstedt in Ofvers. K. Vet.-Akad. Forh.,, 1872,
No. 6, t. vil. f. 25 ; and as Hansgirg includes Nordstedt’s form in his
variety, we place it under this variety. It is smaller than the
typical form, with depressed apices similar to those of C. pseudare-
towm, but the constriction is different from that in the latter species,
and the vertical view is elliptical.

Long. 17-20 p; lat. 13-14-5 p; lat. isthm, 954 ;
crass. 9 p. -

111. C. moniliforme (Turp.) Ralfs. III. B., E, Th. VIL D.

VIEE G K., W,

A form of this was observed from the New Forest with obovate
semi-cells and subtruncate apices ; long. 41 p; lat. 20 w; lat. isthm.
7 p. Many examples were seen, and they constantly retained the
same characters.

Forma panduriformis Heimerl. IIT. Th. VIIL W.

%
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Var. divergens Nordst. IV. Ks. (with zygospores).
Var. maximum West. 1. Ep.
9. 8 O'Mearii Arch, TIIIL. Pu, Th. VIIL H.
10. S.I sibiricum Borge, forma {frigona West and G. 8. West.
I11. Dj.
11. S. Ia}]aceafatum Arch. III. Th., abundant. VI. N., abun-
dant (with zygospores). VIII. H.

Var. compressum West. VI N.

12. S. ecorniculatum Lund. TIIL Th. Swith zygospores). VI. N.
13. B, TracHYTITHOPHORUM 8p. n. (Pl VL. fig. 22.)

S. parvum, tam longum quam latum, profunde constrictum,
sinu aperto et subrectangulari; semicellule late ellipticee,
polis mamillatis et seorsum curvatis, annulis duobus granulo-
rum minutorum circa polum unumquemque ; a vertice vise
triangulares, lateribus subrectis (levissime convexis), angulis
leviter productis, cam annulis duobus granulornm minutorum.

Long. 30-34 x; lat. 29-32+5 u: lat. isthm, 10+5-
115 g. IIL Th.

This species seems to be quite distinet from any other.

14. 8. lunatum Ralfs. 1., Ep. V. Go. VI N,

Var. subarmatum West. 1. Ep.
*15. 8. tunguseanum Boldt, III. Pu.

16. S. denticulatum (Na{g% Arch. L Ep.

17. 8. Avicula Bréb. VIL D. VIIL G.
Var. subarcuatum (Wolle) West. 1. Ep. VI. N,

18. WJ?I {}i?‘%ﬁtﬂn (Ehrenb.) Bréb. (S. spinoswm Ralfs). TIL Th.
Var. subsenarium W. VIL D.

19. 8. armigerum Bréb. (S. pseudofurcigerum Reinsch). III.

Bi, Pu, We. VI N. VIIL D, Gp.

20. 8. arcuatum Nordst. T.BEp. VL. N. VIIL G.

21. 8. Reinschin Roy. 1III. C., Dj,, E., Th, VIII R.

22. 8. rostellum Roy et Biss. VI N.
Var. erosTELLOM var. n. (Pl VI fig. 18.)

Var. minor, profundius constricta, spina magna prope
constrictionem nulla; a vertice visum triangulare,
angulis rotundatioribus,

Long. s spin, 19:5; lat. s spin. 195 u; lat.
isthm. 6-5 . III. Th.

_ Although the character giving the name to this species is absent,
still the number, size, and arrangement of the spines is exactly the
same; the form of the semi-cells also would be just the same if the
constriction were less deep.

23. S Hystriz Ralfs. III. Di., Dj., Th.

24. 8. teliforum Ralfs. 111, Bi, Pu., Th. VIL D. Go.
G, 1., W. gty 2Vl
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- 48, 8. dnconspicuum Nordst. IIL. Dj, Th. VI. N. VIIL D.
VIII. R.
49. 8. noposom sp. n. (Pl VI fig. 23.)

S. minutum, eirciter tam longum quam latum (ecum proces-
gibus), profunde constrictum, sinu aperto lateribus subrectis et
apice acuto; semicellule late rectangulari-oblonge, angulis
superioribugs in processus breves uninodulosos divergentes
truncatos produetis, angulis inferioribus subrectangularibus,
apicibus concavis; a vertice visee triangulares, lateribus con-
cavis, processibus truneatis binodulosis ; membrana glabra.

Long. s proe. 11 u, e. proe. 21 u; lat. e. proe. 19 p ;
lat. isthm. 5 . ITI. Th.

This differs from S. inconspicunwm Nordst. in its marked and deep

constrietion, and in its triradiate vertical view with much smaller
body.

50. S. micron West & G. S. West. III. Pu., abundant.
o1. S. tofanum Wolle, TII. Pu.
52. 8. tetracerum Ralfs. TII, Pu., Th, IV.Ks. VI.N. VIL
D. VII. G:, H., W.
Horma ¢rigona. IIL.Th. VI.N. VIL D. VIIL W.
Forma tetragona. VIIL R. :
Yar. vauoom var. n.  (PL VI fig, 25.)
Var. corpore longiori, processibus validioribus non at-
tenunatis et 5-nodulosis.
Long. s. proc. 18 w, c. proc. 42 u; lat. s proe. 13 g,
c. proc. 37 g ; lat.isthm, 5 . TIL Mp.
03. I,%[ FLEEEI%T‘M?B (EL]?reubI.g Wittr. (S. éricorne Ralfs). II. TU.
- C, Di,, Dj, Ew., Fg, M., Mp., Ra. IV. Es. VL N.
VII. 8. 1‘.F'III'? B i ; ¢ ke
o Var. 8 Ra.]f‘_sé YIII. H, K v
. 0. eyrtocerum Bréb, 11T, Ew., M., Mp., Th, s T,
?Ifgfi iy p VSN VIED
93. 5. inflezwm Bréb. 1. Ep. III Bi, C., Ew., Mp, Rp,, Th.
Wi IV.Ks. VL N. VIL D. o
56. ];;[S' Eﬁﬂymﬂrphum Bréb. T. Ep. III. C., E,, Th., Wi. VIII.
- m

57. g.’cren;nfm‘fum (Nag) Delp. ILU. IIL Th. IV.Ks. V.
()

"0 e = et s (T8
% %g:gﬂszt{i'umg.luhggn{hspi;;is-ubﬂeasn. ;’Epiniﬂ ﬁﬂutaﬁﬂg n;:':laai:u:
eb dichotome furcatis ad apicem.

Dmﬁr; HE%T%DEP' 8. spin. 32 g, e. spin. 60 w. (PL VI,
Var. nanum Wille, TII Bi, Mp. V. Go. VI, N.
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Var. minus constricta, semicellulis subquadratis.
Long. s. spin, 15-17 w; lat. s. spin. 11 x; long. spin.
5°5-T w; lat. isthm. 7+5 p; crass. 8 . IIL G.
4. A. Ralfsii West. 1. Ep. III Bi, Ew., Pa., Wi
5. A. convergens Ehrenb. IIL. Mp., Th. VL N.

- Genus Onychonema Wallich.
1. O. filiforme (Ehrenb.) Roy et Biss. VIIL G.

Genus Spharozosma Corda,

1. S. vertebratum (Préb.) Ralfs, TIT. M.
Var. raTios var. n.  (PL VL fig. 7.)
Var. cellulis latioribus (13-plo latioribus quam longis),
sinu angustiori profundiorique, dorso convexiori.
Long. 15-16 w; lat. 25-27 p; lat. isth. 5-5-7+5 w.
I1I. Ew.

2. 8. excavatum Ralfs. 1. Ep. IIL C., E. Pu. (with zygo-
spores), Th. (with zygospores), Wi. VI N. (with zygospores).
Nl DeEn N W,

3. S. granulatum Roy et Biss. I Ep. IIL Mp., Pu.

*4. 8. Wallichii Jacobs. var. ANGLICUM var. n. (F’l. VI fig. 6.) .

Var. apicibus semicellularum subarctis, sinu minore, gra-

nulis 2 vel 3 ad margines laterales semicellarum, cum granulis
gparsis trans semicellulas irregulariter ordinatis.

Long. 10-11-5 p; lat. 10°5-11 pw; lat. isthm. 6 w ;-

crass. 5'5 w. YL N. abundant, July 1897,

Genus Desmidium Ag.

1D ‘ngziﬂdﬂ"iﬂ‘um Grev, 1L Th., VILN,
2. D. Swartziv Ag. 1II. Mp., Th. VIIL H., W.

Genus Gymnozyga Ehrenb,

1 %mﬁnifﬁfamﬂh Ehrenb. TIIL Bi, C,Th. VI. N, VIIIL

Genus Hyalotheea Kiitz.

1. H. mucosa (Dillw.) Ehrenb. IIL C.Th. VIII. G. W.

2. H. dissiliens (Sm.) Bréb, Frequent; zygospores from Bisley,
Chobham, Esher West-end, and Thursley Commons, Surrey ;
Keston Common, Kent ; Roughtor Moor, Cornwall.

Forma tridentula Nordst. III. Ew. VIII. H, L.
Var. hians Wolle, III. Ew. (pure gathering, April 1895).
*3. H. neglecta Racib, III. Th. VI N. (with zygospores).
Long. cell. 28-34-5 u ; lat. cell, 11-5-13 p.
This species was in great abundance from Thursley Common,
Surrey, and from the New Forest, Hants. It occurs in long filaments,
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Genus Celastrum Niig,

. C. spharicum Nig. Very frequent.

. C. microporum Nag. IIIL C, Ra, Rp. IV.He
C. cambricum Arch. IV. Ks,

C. cubicum Nag. IV. Ks,

. C. verrucosum Reinsch. I1II. E.

1 e 00 1

Genns Sorastrum Kitz.

. 8. spinulosum Nig. VI N. VIIL H.
. 8. (?) simplex Wille. VIIL K.

Genus Pediastrum Meyen.

1. P. Boryanum ( .) Menegh. Common.
&g. grmmﬁ?m (Kﬁtg.) A. Br. I Ep. IIL Fg., Mp.
IV. Ka.. VIL.8:
2. P. glanduliferum Bennett. III. Bi
Arms delicate, faintly rough, converging and often crossing
one another ; diam. cell. peripher. 22-27 p.
3. P. constrictum Hass. 1L U. IIL Ra., Rp.
4, P. duplex Meyen (P. pertusum Kiitz.). II. Ha., Wh, III,
Bi, C., F1, M., Pu, Ra., Rp, Wt. IV. Ks.
5. P. integrum Nig. IIL Fg, Pu.®
6. P. angulosum (Ehrenb.) Menegh. III. Ra., Wt.
7. P. tetras (Ehrenb.) Ralfs. I. Ep. IIL U. IIL Bi., FL, Mp,
E?fl H{;. TV, Holt Kl WeiGossl s N WL «D-E

Genus Crucigenia Morren.
1. C. rectangularis (Nig.) A. Br. IIL Bi, Mp, Ra. V. Go.
b b e U B g L] B

HEThiE was noticed from Frensham, Surrey, with families of 128
cells.
Sub-fam. Pseunoc@NoBIEE.

Grenus Seiadium A. Br.

1. 8. Arbuseula A. Br. I Ep. II. Ha. TIII, B, M., Wi
IV. He, Ka.

Abundant on Wimbletlon Common, Surrey, in the autumn of
1892, and again in the autumn of 1894, Also exceptionally fine
from a pond on Hayes Common, Kent.

Genus Ophioeytium Nig.

1. O. cochleare (Eich.) A. Br. General.

2. 0. majus Nig. III. E, Mp.

Geenus Mischococeus Nig.

1. M. confervicole Niag. II. Ru.
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Sub-fam. D1oTY0oSPHERIEE.
Genus Dimorphococeus A. Br.
1. D. lunatus A. Br. IIL. Th., very rare.

Genus Tetracoccus West.
1. T. botryoides West. 1. Ep. IIL Ra, Wil L

Genus Boiryococeus Kiitz.

1. B. Braunii Kiitz. I.Ep. IILBi, C, Mp,Pu,Th. IV.Ks.
Y. Go. VIL D, Gp. VIIL W.

IXEFFIGIATA gen. n.

Cellule submagne, irregulariforme, angulari-oblongze, angulari-
ellipticse vel subtrapezica, familias valde irregulares libere natantes
cellularum 2-8 formantes ; cellulee cum processibus brevibus irregu-
laribus et spinis paucis valde variabilibus, irregulariter curvatis et
irregulariter dispositis; contentus chlorophyllosus cellularum viri-
dissimus et granulas multas includens.

1. I. NEGLECTA sp. uniea.
Character idem ac generis. :
Diam. cell. sine spin. et proe. 21-40 w ; long. spin. et
roc. 5:5-19 w; diam. fam. 76-115 p. III Ew,
p.s B i Thes V. oGro;

We have long had this alga under observation as something which
required investigating. The cells are rather ]arga with very irregular
outlines, and each possesses a few irregularly disposed processes or
spines. These spines are straight or curved, of very variable length,
and are often somewhat subcapitate or otherwise irregular ; they are
also the chief agents in uniting the cells into irregular families. The
exact structure of the eells and families is exceedingly difficult to
observe, owing to their extreme irregularity and the opacity of the
densely packed granulose chlorophyll.

It is more or less abundant throughout the British Islands and
the United States of America, and often oceurs in quantity in tanks,
water-barrels, &e. We find it frequently in gatherings of the smaller
alge, and can find no mention of anything approaching it.

It may be regarded as nearest to Botryococcus Kiitz.

The name was suggested by its indefinite misshapen form and it

evident neglect by algologists,
Genus Digtyospharium Nig.

1. D. Ehrenbergianum Nig. 1. Ep. II. Wh. IIL. E, M,

Mp., Ba., Bp, Wi. 1IV.He. V.Go. VI N. VIII L.
2, D, reniforme Buln. 1. Ep.
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1

Genus Tetrapedia Reinsch.

T. Reinschiana Arch. I. Ep. II. Wh. III. M, Mp, Rp,
Phos V. o

Genus Gomphospharia Kiitz.

. G. aponina Kiitz, IIL Fg, Th. IV.Es. V. Go.

Genus Clathrocystis Henfrey.
C. eruginosa (Kitz.) Henfrey. IIL Fg.

Genus Polyeystis Kiitz.

. P. marginata (Menegh.) Richter. II. U. III. Mp.
*2.
‘31

P. elabens (Bréb.) Katz. VL N.
P. flos-aque Wittr. III. Th. VL N.

Genus Aphanocapsa Nig.

. A. pulehra (Kiitz,) Rabenh. 111, Th.

Genus Porphyridium Nag.
P. cruentum (Ag.) Nag. III Clapham, Esher.

Genus Chroococeus Nig.

1. . minor (Kitz) Nig. III. G, Th. IV. Ks. VIL D.
VAL L. "W
9. C. coharens (Bréb.) Nag. III. Dj. VI.N. VIII H.
3. C. turgidus (Kiitz.) Nag I. Ep. III C, Ew., Th, IV. Ka.
VIII K., T.
4, C Ehdus Nig. TII Th.
5. C. rﬁﬁscms (Bréb.) Nag. VIIL. W.
SUMMARY.
GENERA, BPromEs.*
Crass FLORIDEZ,
Fam. Batrachospermes Pl 2

Crass CHLOROPHYCEZ,

Ord. Confervoidese Heterogamsee.

Fam, Coleoch®tacea 1 5

Fam. (Edogoniaces 2 21
Ord. Siphones.

Fam. Vaucheriaces 1 6

Fam. Hydrogastraces 1 1

* Excluding varieties and forms,
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APPENDIX.

" The following notes of ldealities for Freshwater Algm in Middlesex
M.) and Surrey (8.) were made with the idea of preparing an ° Algologia
etropolitana,” a scueme which circumstances have Efﬂmpﬂl}ﬂd me to
abandon, This short list may, however, be of use in stimulating others
to note the forms of life which may be found close to their own doors.
1t is, as far as I am aware, almost the first record of Freshwater Alge

gathered within the limits of London itself.
Arrrep W. BENNETT.

Coleochete scutata Bréb, 8. Kew Gardens.
Vaucheria sessilis DC. M. Botanie Gardens, Regent's Park;
S. Kew Gardens.
Var. caespitosa Vauch. 8. Brown’s Millpond, Waddon.
Sphmroplea annulina Ag. 8. Kew Gardens, occasional.
Microspora vulgaris Rabh. M. Regent's Canal, Camden Town.
(ladophora flavescens Ag. M. Botanic Gardens, Regent’s Park.
= fracta Ktz. M. Regent’s Canal, Camden Town.,
Spirogyra nitida Lk. M. Regent's Canal, Camden Town. 8.
Brown's Millpond, Waddon.
Penium digitus Bréb. 8. Brown's Millpond, Waddon.
(losterium lunula Nitzsch. M. Regent’s Canal, Camden Town.
- Leibleinii Ktz. 8. Kew Gardens,
Doeidium clavatum Ktz. 8. Kew Gardens.
Euastrum didelta Rlfs, S. Brown’s Millpond, Waddon.
Tetmemorus granulatus Rlfs. 8. Brown’s Millpond, Waddon.
Micrasterias denticulata Bréb. 8. DBrown’s Millpond, Waddon.
Arthrodesmus Incus Hass. M. Regent's Canal, Camden Town.
Eundorina elegans Ehrb. 8. Brown’s Millpond, Waddon.
Hydrodietyon reticulatum Lag. 8. Tank, Kew Gardens; abun-
dant in some years.
Pediastrum Boryanum Men. M. Regent’s Canal, Camden Town.
S. In the Wandle, Beddington.,
i tetras Rlfs, M. HRegent’s Canal, Camden Town.
5 8p. Cenobe quite compact; cells deep green, about the
size of those of P. tefras, each with a single central conspicuous
pyrenoid ; marginal cells very variable in shape, each with two
colourless horns proceeding from the margin, or from an angle
very near the margin ; tips of horns slightly thickened, but not
bidentate. M. Regent's Cunal, Camden Town.
Scenedesmus obliquus Ktz. M. Regent's Park.
i quadricauda Bréb. M. Regent’s Canal, Camden Town.
Tetraédron longispinum Perty. 8. Kew Gardens.
Protococeus viridis Ag. M. Regent’s Canal, Camden Town,
Anabena oseillarioides Bor. var. elongata. M. Regent’s Park.
Oscillatoria limosa Ag, M. Botanie Gardens, Regent’s Park,
8. Wandle, Beddington.
“ tenuis Ag. M. Botanic Gardens, Regent’s Park. S.
Wandle, Beddington.
I'C‘-h_rntimccgu cobmrens Niig. M. Botanic Gardens, Regent’s Park.
Microcystis protogenits Rbh. M. Regent's Canal, Camden Town.
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where & and p are the drift and parallax as measured on the photo-
graphs, and £ the interval i seconds between the pietures being taken.

The method of reduction of the photographs first adopted and em-
ployed during the early part of the past summer was as follows :—
Prints were made on albuminised paper of the set of four pictures,
two taken at each end of the base with an interval of time between
them, and they were mounted on stout cards in order to avoid the
usnal curling up of the paper. When necessary, new fiducial lines
were then drawn in the proper direction through the points that had
been ascertained to represent the corrected position of the lines of
reference as before described, and these lines were extended to the
margins of the cards.

If possible, five or six clond-points were then selected in each print,
capable of satisfactory identification. A sheet of paper was next
procured, larger than the pictures, and lines intersecting at right
angles were drawn across it. Punctures were then made, by means
of a needle, through all the selected clond-points in the four pictures,
which were snccessively placed over the reference sheet (termed here-
after the receiver), so that the fiducial lines npon the pictures coin-
cided with the lines drawn upon the receiver, thereby ensuring the
points of intersection being directly superimposed, and, by means of
a needle passed through the pricked holes, the marked cloud-points
were transferred to the receiver.

This having been done in turn for all the four pictures of the sef,
the points thus pricked off were joined by inked lines, those obtained.
from the pair of pictures taken simultaneously being drawn in black
ink, and those from the other pair in red, by which a series of
parallelograms was formed, equal in number to the number of points
selected for treatment. :

The black lines or gides of these parallelograms then represented
the parallax of the several cloud-points, being proportional in length
to the tangent of the angle subtended by the base line at the altitude
of the cloud, whilst the red lines forming the other two sides of the
quadrilaterals represented on the same scale the drift of the cloud
during the interval which elapsed between the taking of the two sets
of pictures.

The measnrement of these black and red lines provided the means
already explained of determining the height of the clouds and the rate
of their motion, the direction being given by the inclination of the
two lines, of which the black one represented the base.

In dealing with the direction of the drift when thus obtained from
positive prints, it has to be remembered that by the printing the
right and left of the pictures are transposed, so that the east is on the

left and the west on the right in a picture the top of which is directed
to the north,
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and a second value of the cloud height is obtained, which serves to
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Then pictures A, and A; are placed in the frame, and the images
superimposed and made to coincide as before, but now the distance
separating the zenith of the two pictures, which will be termed the
drift, will indicate the space the elond has moved l]ln'in.u' the imterval
between the taking of the two ]1i1'TII1'1':«; and the angle which the line
joining the zeniths makes with the line of base gives the direction in
which the drift has taken place.

Hrom the ||']|_l_'!]| of the drift measured npon the ]:||:|1|'.=a ns :ﬂ-n'-.'t-, the

1.=._-|r|-:‘ir:.' of motion may easily be obtained by a j;_‘l':l[lhil'n! method.
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o obtain the value of V graphically, proceed as follows :—

Draw a horizontal line on which will b

As before stated, the velocity in m

r]'1
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intervals from 0 to 120 seconds, see {

the points between 60 and 120 seconds, which will include all the

time intervals between the pictures likely to occur in practice.

(I

the first of these verticals mark off any convenient h*ng!h to represent
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1 mile, and divide it into 60 equal parts, and from the zero Emiut'. on
the horizontal line draw radiating lines through the points of division,
L-xft'mlillg to the vertical at 120 seconds. This constitutes a scale of
11:'|115|||'Ii||r1:ti velocities from O to 60 miles per honr, and may be ex-

tended to any higher velocity. Next (see fig. 4) draw two parallel

vertical lines at a distance apart equal to the lencth of the I

- : HSe,
2400 feet ;

1 - "
, om the scale before assumed to represent 1 mile, and draw
a horizontal line intersecting the other two at richf
M and N.

i ;
'hen mark off the length of drift ¢

angles at points

||J_1'~"-'Jll'-[r~ {111 L'—'i"!l orf |||,, tweri



















































14 THE THEORY OF RELATIVITY

that two events are simultaneous according
to some definition of simultaneity. A con-
ception only has meaning for the physicist
if the possibility of verifying that it agrees with
actual experience is given. In other words,
we must have a definition of simultaneity
which gives us an immediate means of proving
by experiment that, e.g., two lightning-
strokes at different places occur simul-
taneously for an observer situated somewhere
between them or not. Whenever measure-
ments are undertaken in physics two points
are made to coincide, whether they be marks
on a scale and on an object, or whether they
be cross-wires in a telescope which have been
made to coincide with a distant object and
angular measurements made ; concidence s
the only exact mode of observation and lies at
the bottom of all physical measurements.
The same importance attaches to simul-
taneity, which is coincidence in time. It is
to be noted that no definition will be made
for simultaneity occurring at (practically) one
point : for this case psychological simul-
taneity must be accepted as the basis: the
necessity for a physical definition only arises
when two events happening at great dis-
tances apart are to be compared as regards
the moment of their happening. We cannot
do more than reduce the simultaneity of two
events happening a great distance apait to
simultaneity referred to a single observer at
one point : this would satisfy the require-
ments of physics. ,

Einstein, accepting Michelson and Morley’s
result, introduced the convention in 1905
that light is propagated with a constant
velocity (=c¢. #.e, 3{3{]_,000 k‘m. per sec.
approximately) in vacuo in all directions, and
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since our measures alter in the same ratio.
Length is thus a relative conception, and only
reveals a relation between the observer and
an object : the ““actual ”’ length of a body
in the sense we usually understand it does not
exist : there is no meaning in the term. The
length of a body measured parallel to its
direction of motion will always yield a greater
result when judged from a system attached
to it than from any other system. These
few remarks may suffice to indicate the rela-
tivity of distance.

In classical mechanics it had always been
assumed that the time which elapsed between
the happening of two events, and also the
distance between two points of a rigid body
were independent of the state of motion of
the body of reference: these hypotheses
must, as a result of the relativity of simul-
taneity and distance, be rejected. We may
now ask whether a mathematical relation be-
tween the place and time of occurrence of
various events is possible, such that every
ray of light {ravels with the same constant
velocity ¢ whichever rigid body of reference
. be chosen, e.g., such that the rays measured
by an observer either in the train or on the
embankment travel with the same apparent
velocity.

In other words, if we assume the constancy
of propagation of light in vacuo for two
systems, K and K' moving uniformly and
rectilinearly with respect to one another,
what are the values of the co-ordinates #!,
vy, 2, & of an event with respect to K?, if
the values x, y, z, ¢ of the same event with
respect to K are given ?

It 1s easy to arrive at this so-called Lorentz-
Einstein transformation, eg., in the case
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wt}ere K is moving relative to K parallel to
K’s x axis with uniform velocity v.

i x — vt
Xt: = e yl T J,J El = Z
\{ 1-2ifch
o Ol
\] 1 - v2/ce
If we put x = ¢, then we find that #* re-
duces to e. o
: o RS
1.e., C= S iz the same for both systems.

and the condition of the constancy of ¢, the
velocity of light in vacuo, is preserved.

If \] 1 -9?%/c? is to be real, then » cannot

be greater than c., i.e., ¢ is the limiting or
maximum velocity in nature and has thus a
universal significance.

If we imagine ¢ to be infinitely great in
comparison with v (and this will be the case
for all ordinary velocities, such as those which
occur in mechanics), the equations of trans-
formation degenerate into :

Pr=%—UW WYPN=y =z =1

This is the familiar Galilean transformation
which holds for the “ mechanical ' principle
of relativity. We see that the Lorentz-
Einstein transformation covers boith mechani-
cal and radational phenomena.

The special theory of relativity may now
be enunciated as follows :—All systems of
reference which are in uniform rectilinear
motion with regard to one another can be
used for the description of physical events
with equal justification. That is, if physical
laws assume a particularly simple form when
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referred to any particular system of reference,
they will preserve this form when they are
transformed to any other co-ordinate system
which is in uniform rectilinear motion rela-
tively to the first system. The mathe-
matical significance of the Lorentz-Einstein
equations of transformation is that the ex-
pression for the infinitesimal length of arc ds
(viz., ds® = dx? + dy® + dz® — c® ai?).

in the space-time * manifold x, y, 2, f, pre-
serves its form for all systems moving uni-
formly and rectilinearly with respect to one
another. \

Interpreted geometrically this means that
the transformation is conformal in imaginary
space of four dimensions. Moreover, the time-
co-ordinate enters inio physical laws 1In
exactly the same way as the three space-
co-ordinates, 7.e, we may regard time spatially
as a fourth dimension of space. This has been
very beautifully worked out by Minkowski,
whose premature loss is deeply to be regretted.
It may be fitting to recall some remarks of
Bergson in his Time and Free Will. He there
states that “ time is the medium in which
conscious slates form discrete series: this
time is nothing but space, and pure duration
is something different.”” Again, “ what we
call measuring time is nothing but counting
simultaneities ; owing to the fact that our
consclousness has organised the oscillations of
a pendulum as a whole in memory, they are
first preserved and afterwards disposed in a
series : in a word, we create for them a fourth
dimension of space, which we call homo-
geneous time, and which enables the move-

* A continuous manifold may be defined as any continuum

of elements such that a single element is defined by # con-
tinuously variable magnitudes.
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fluctuations in the ratio could only be less
than a twenty-millionth. .
Einstein hence assumes the exact validity
of the law, and asserts that inertia and
gravitation are merely manifestations of the
same quality cf a body according to circum-
stances. As an illustration of the purport of
this equivalence he takes the case of an
observer enclosed in a box in free space
(i.e., gravitation is absent) to the top of which
a hook is fastened. Some agency or other
pulls this hook (and together with it the box)
with a constant force. To an observer out-
side, not being pulled, the box will appear to
move with constant acceleration upwards,
and finally acquire an enormous velocity.
But how would the observer in the box inter-
pret the state of affairs? He would have to
use his legs to support himself and this would
give him the sensation of weight. Objects
which he is holding in his hands and releases
will fall relatively to thefloor with acceleration,
for the acceleration of the box will no longer
be communicated to them by the hand ;
moreover, all bodies will *‘ fall ’ to the floor
with the same acceleration. The observer in
the box, whom we suppose to be familiar with
gravitational fields, will conclude that he is
situated in a uniform field of gravitation :
the hook in the ceiling will lead him to sup-
pose that the box is suspended at rest in the
field and will account for the box not falling
in the field. Now the interpretation of the
observer in the box and the observer outside,
who is not being pulled, are equally justi-
fiable and valid, as long as the equality of
nertial and gravitational mass is maintained.
We may now enunciate Einstein’s Principle
of Equivalence: Any change which an ob-
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making use of the interchangeability and
equivalence implied in relativity. He does
not discuss forces as such ; they are, after all,
as Karl Pearson states “ arbitrary conceptual
measures of motion without any perceptual
equivalent.”” They are simply intermediaries
which have been inserted between matter
and motion from analogy with our muscular
sense.

A direct consequence of the application of
the Principle of Equivalence in its general
form is that the velocity of light varies for
different gravitational fields and is only con-
stant for uniform fields (this does not contra-
dict the special theory of relativity, which
was built up for uniform fields, and only
makes i1t a special case of this much more
general theory of relativity). But change of
velocity implies refraction, z.e., a ray of light
must have a curved path in passing through
a variable field of gravitation. This affords
a very valuable test of the truth of the theory,
since a star, the rays from which pass very
near the sun before reaching us, would have
to appear displaced (owing to the stronger
gravitational field around the sun), in com-
parison with its relative position when the
sun is in another part of the heavens : this
effect can only be investigated during a total
eclipse of the sun, when its light does not
overpower the rays passing close to it from
the star in question. The calculated curvature
15, of course, exceedingly small (1*7 seconds
of arc), but nevertheless should be observable.

_The motion of the perihelion of Mercury,
discovered by Leverrier, which long proved
an insuperable obstacle regarded in the light

We shall return to this test at the conclusion of the chapter,







































6 Theory of Double Refraction.

Of these the first term in each vanishes by (1), and putting
PR PR PR PR, AR . PR
N Y "l T T T T Y

we get, if X, ¥, Z denote the forces parallel to the axes on the
displaced particle,

=

X=Au+ Cv+Bw
Y=Cu+Bv+ A'w } vereenneinann(2)s
Z=DBu+ A'v+ Cw
Now if we construct the quadric whose equation is
Az’ + By'+ C2* +24'yz + 2B 22+ 2C'zy = 1 ...(3)
it is easily seen that the direction of the resultant force whose
components are X, ¥, Z is perpendicular to the plane which

bisects all chords of the surface (3) parallel to the direction of
displacement of the particle ; for the equation of this plane is

E(du+ C'v+ Bw)+5(Cu+ Bv+ A'w) + £ (Bu+ A'v+ Cw) = 0.

The resultant force on the particle will therefore not usually
coincide with the direction of its displacement ; and if we suppose
the particle free to move under the action of this force it will not
usually return to its old position. There will be however three
directions of displacement with which the directions of the force
of restitution will coincide, namely the directions of the three
principal axes of the surface (3).

If these directions be taken as axes of co-ordinates the equa-
tion (3) reduces to
Aa*+ By + C° =1,
and the equations (2) reduce to
X=Au, Y= By, Z= Cw.

Now it is evident that if wu, v, w are all positive, X, ¥, Z must
all tend towards the origin, since the equilibrium is stable, and
A, B, C must be all positive. They are usually denoted by the
letters a?, *, ¢. The equation (3) thus becomes

@’ + 0+ ¢ =1 i (4)

This surface is usually called the ellipsoid of elastic:it}', _and
its axes the axes of elasticity. It is assumed that the directions
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]?u't if » be the central radius vector of the ellipsoid of elas-
ticity drawn in the direction of this displacement, we have

1
i a’ cos’ o+ &' cos’ B+ ¢* cos®y,

Hence the velocity of propagation of the wave corresponding
to any given direction of displacement, if such a wave exist, is
inversely proportional to the central radius vector of the ellipsoid
of elasticity drawn in that direction.

3. At this point it will be well to notice the important
assumption made. The force on any particle is made to depend
on its absolute displacement, and is supposed to be the same as if
the other particles were undisplaced. 1t is evident that the real
force will depend on the displacement of the particle relative to
the swrrounding particles, and quite a different equation of
motion from that given above will arise, A particular case of
the investigation is given in Airy’'s Undulatory Theory of Optics,
Art. 103, and the general problem has been discussed by Cauchy.
The results derived by Cauchy do not probably express the truth
much better than those of Fresnel, nor can the hypothesis of the
vibrations of mutually attracting particles be in any case accept-
ed as a complete explanation of the phenomena of double refrac-
tion,

4. In considering the propagation of light through media of
any kind, it is necessary to examine not the motion of one par-
ticle alone, but to imagine a series of particles simultaneously
vibrating similarly. The most simple hypothesis that can be
made is that all the similarly displaced particles at any instant
lie in a plane, the case ordinarily called a plane wave. It is
evident that by the combination of a number of such plane
waves we can represent any other form of wave.

A plane wave of light consists of vibrations of the particles
of ether in the plane of the wave front, the displacements and
velocities of all the particles in that plane being parallel and
equal. This wave is propagated with a velocity which iIE a
erystalline medium depends, as above explained, on the direction
of the displacement of the particles.
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5. The fact that the vibrations which produce light are
transversal to the direction of propagation, is deduced from the
experimental result that two rays of light polarised in planes at
right angles do not interfere. The methods of practically pro-
ducing polarised light are explained in Airy’s Undulatory
Theory. We assume that polarised light consists of vibrations
of the particles of ether in a fixed direction in the plane of the
wave front, and that this direction is perpendicular to the plane or
polarisation. The former assumption is sufficient to explain the
experimental fact, the latter is usually gmept&d as true.

6. If a series of particles all lying in a plane within a
crystalline medium be equally displaced in parallel directions,
the force on each of these particles according to Fresnel's hypo-
thesis will not usually be in the direction of displacement, or
even in the plane. It may happen however that the resolved
part of this force in the plane may coincide with the direction of
displacement ; and we will prove presently that there are two
directions of displacement for which this is the case. If the
particles be displaced in either of these directions the force per-
pendicular to the plane will produce vibrations perpendicular to
that plane, which do not therefore produce light, the other parts
of the force will cause each particle to oscillate equally in the
plane front, and will thus produce a wave of light, if we assume °
that the particles oscillating in this plane immediately put in
motion those in a contiguous parallel plane. The velocity of
propagation of the wave will also, by what has preceded, be
mversely proportional to the radius vector of the ellipsoid of
elasticity drawn in the direction of the displacement.

7. Suppose that DPI)' represents the central section of the
elllpsmd of elasticity by a plane parallel to the wave front, and
let C' be its centre, CPbe the direction of displacement, CD the
diameter of the section conjugate to CP, and C'Q the diameter of the
ellipsoid conjugate to the plane P 0D. Then the force of restitution
is perpendicular to the plane QCD, since this is the plane to
which CP is conjugate, and if the resolved part of this force in
the plane of the wave front coincide with CP, we must have CP
and CD at right angles, or CP must be an axis of the section

1—5
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The equation of the wave surface can also be deduced in the
following manner.

The perpendicular on any tangent plane to the surface being
inversely proportional to a principal axis of the parallel central
section of the ellipsoid of elasticity, it follows that the polar
reciprocal of the wave surface with reference to the origin is an
apsidal surface of this ellipsoid. Whence by Salmon, Solid
Geometry, Art. 463, the wave surface is also an apsidal surface of
the reciprocal surface of the ellipsoid of elasticity, that is of the
ellipsoid whose equation is

2 a2
% g—: # Sl i 9).
From this property its equation can be easily deduced by
eliminating [, m, n between the equation
ﬂr:as: bﬂm‘l cﬂﬂ'ﬂ

=)
r*i.'_an r‘#__b! TE—GE »

which gives the lengths of the axes of the section of (9) by the
plane whose equation is Lz +my + nz = 0, and the equations

w=lr, y=mr, 2=nr,
whence we get

aﬂmi E'Eyﬂ ﬂzﬂt
f—£+ﬁ—ﬁ+#—ﬁ_m
where =a" 4yt 4 20

10. If with the different points of the original wave front
as centres we describe a series of equal wave surfaces it is evi-

dent that the plane
Lo + my +nz=7v

will touch them all. That is, the new wave front may be re-
garded as the envelope of these wave surfaces. This is analogous
to the case of propagation of light through a homogeneous
medium, in which case the wave surfaces are spheres. We may
also fairly suppose that the point in which the wave surface
having any given point of the original wave front as centre touches
the second wave front, is the point at which the disturbance in
the second wave front is produced by the disturbance at the

1—7
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given point of the first front, and the line joining these points is
the direction of the ray proceeding from the first point. A ray
must be considered as a small portion of a wave separated from
the rest. The existence of such rays must be accepted as a fact;
the theoretical explanation of the separation of a portion of a
wave from the rest is very difficult.

It is not difficult to see that the reciprocal ellipsoid
m‘! yﬂ‘ zﬂ
atpta=?
has important properties relating to the ray velocities analogous
to those which the ellipsoid of elasticity possesses with relation
to wave velocities, These the student can develope for himself.

11. If a wave of light be incident from vacuum into a
double refracting medium, we may suppose the vibration of each
point of the incident wave to produce after a time, a vibration at
some point of the wave surface described with the poimt of
incidence as centre.

Let the plane of the paper be the plane of incidence, and let
AH be the trace of the front of the wave on the plane of the paper,
AR the trace of the face of the erystal. Also let P@ be the

wave surface to some point of which the disturbance produced h}'
A has arrived when the disturbance at /7 has reached B._ The
vibrations at intermediate points will have reached points of
wave surfaces similar and similarly situated to P¢, but suc-
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cessively diminishing in size. Any plane drawn through B
perpendicular to the plane of the paper touching the surface
P(Q will touch all these other surfaces and will be a front of the
refracted wave. There can be two such planes drawn, and thus
one incident wave will produce two refracted waves. The
cotresponding refracted rays will be obtained by joining 4 with
the points of contact of these planes with PQ.

12, The preceding Article gives the refracted rays when a
ray passes from any homogeneous medium into a double re-
fracting crystal. The following construction applies when a ray
passes from any medium into any other.

With the point of incidence of the ray on the common sur-
face of the media as centre, deseribe in the second medium the
half of the wave surface belonging to each medium. Produce
the incident ray to cut the surface belonging to the first medium,
and at the point of intersection draw a tangent plane. This
tangent plane will cut the bounding plane of the media in a
straight line. Through this line draw tangent planes to the
wave surface of the second medium. The lines joining the point
of contact of these tangent planes to the point of incidence of the

‘ray will be the refracted rays.

It would appear at first from this construction that a single -
ray passing from one double refracting medium into another
would give rise to four rays, since the incident ray would meet
the wave surface of the first medium in two points. We shall
see however presently (Art. 15) that if a ray proceeding in any
direction within a crystal have originally been refracted from air,
it must be polarised in one or other of two definite planes ac-
cording as it is considered to be proceeding to one or other of
the points in which its direction cuts the wave surface ; and thus
if the given ray be polarised in either of these planes we must
only take one of the points as the point to which the incident ray
corresponds, If the given ray be either unpolarised or polarised
in any other plane it must have arisen from two rays of common
light, and must be considered to consist of two rays polarised in
the required planes travelling with different velocities. We
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should in this case expect four rays, which the construction would

give. The construction includes the last article as a particular
case.

13. Returning to Art. 8, we see that for all ordinary
positions of the wave front, there are two velocities of propaga-
tion of the wave. These two will be equal if the wave front
coincide with one of the circular sections of the ellipsoid of
elasticity, and in that case, whatever be the direction of the
vibrations in the plane of the front, only one wave will be
propagated. The two lines perpendicular to these positions of
the wave front are called the optic axes of the crystal, or the lines
of equal wave velocity.

The planes of polarisation of the two rays corresponding to
any given wave front are connected with the optic axes by a
very simple relation, which we will now investigate.

Let CN be the normal to the wave front, CO, CO' the optic
axes of the crystal. Then the planes of polarisation of the two
rays are planes which contain CUN and the axes of the sec-

tion of the ellipsoid of elasticity by a plane perpendicular to
CON. This section will evidently cut the circular section per-
pendicular to C'O in a line perpendicular to the ]JI.H.BIB OCN.
Similarly it will cut the other circular section in a line perpen-
dicular to the plane O'CN. Hence the radii of the section by
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- vy, =4a'c*~ (' — ) ¢* (cos @' +cos 8)*—a* (cos 8 — cos 6)%) by (5),
= da’c*+(a’—¢*)*(cos’d + cos’d) —2 (a'—c") cos fcos b ... (7).
Hence squaring (6) and subtracting (7) we get
(v, —2,")" = (&' — ) {1 — cos® @ — cos® §' + cos® f cos® &},
= (a®— ¢*)*sin* @ sin* @' ;
v ~0t= (@ =) Bin O8N G.....oviisvisinies (8).

Fram (G) and (8) we easily deduce by adding and subtracting

”1q=ﬁﬂﬂinn—‘ﬂﬁ+c’ms“ﬂiﬂg
T L e . (9).

The results of equations (8) and (9) are easily seen to coin-
cide with those deduced in a different manner in Salmon’s Solid
Geometry, Art. 245. Analogous results can be obtained for
ray velocities from the reciprocal ellipsoid. (Lloyd, Wave Theory

of Light, Art. 186.)

15. The formulz of the last article enable us to determine
completely the circumstances of the vibrations of the two rays
corresponding to the same wave front in the crystal. They do
not however determine the plane of polarisation if we are only
given the direction in which the ray proceeds within the crystal.
For this purpose we must revert to the wave surface of Art. 9

Let a ray meet the wave surface at the point a, g, 2, let
I, m, n be the direction cosines of the normal to the wave front
to which the ray belongs, and A, u, » the direction cosines of the
direction of vibration of the particles in the ray, Then we have,
if v be the corresponding wave velocity,

v = a™N + B’ + o,
| l L e e et
where i(ﬁ’-—- ‘}+;(a—a)+y{m b*) =0,

and | A+ mp+ nv=0.
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where it meets it. The plane of polarisation is of course per-
pendicular to this. The plane of polarisation of a ray proceed-
ing in a double refracting medium is usually taken to be the
plane containing the normal to the wave front and perpendicular
to the direction of vibration.

This result may be otherwise obtained. If A, u, v are the
direction cosines of the direction of displacement of a partmle
those of the resultant force are proportional to a’x, b’u, ¢’
Hence the direction of displacement is perpendicular to the
tangent plane drawn to the reciprocal ellipsoid at the point
where the line of the resultant force meets it. From this,
since the wave surface is the apsidal surface of the reciprocal
ellipsoid, it follows by Arts. 461, 462 of Salmon's Solid Geo-
metry that the direction of displacement, the direction of the
resultant force, the normal to the wave front and the ray
all lie in one plane. Hence the direction of displacement is
the projection of the radius vector on the tangent plane to
the wave surface.

It also follows that the ray and the direction of the re-
sultant force are at right angles.

16. The wave surface has thus been shown to possess the
following properties.

Its tangent planes give the positions of the wave fronts after
a given time, and the perpendiculars on those tangent planes
from the.centre represent the velocities of wave fronts in different
directions.

Its radii vectores from the centre to the points of contact are
the directions of the rays corresponding to the different wave
fronts, and the lengths of these radii vectores represent the cor-
responding ray velocities.

The projections of these radii on the tangent planes give the
directions of the vibrations in the corresponding rays.

17. The equation of the wave surface becomes by multiply-
ing up
Iﬂ (r‘i 2 b‘!} (’.-‘" ) !} +yi (TI_G'E) (rﬂ_aﬂj + zﬂ (Ti_' ﬂi} (Tﬂ__ 52}
= (' —a) (r* =) (' =)
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Its trace on the plane of @y is obtained by putting 2 =0; we then
get

(@ +y' =) [ (@ +4° = ) +9° (& +y" — o))}

=@ +y'—a’) (@ +y —0) & +y" =)
whence 2 +y=0c,
or a’s’ + 0’y = @'l
That is, the trace consists of a ecircle whose radius is ¢ and an
ellipse whose axes are 26 and 2a in the directions Oz and Oy
respectively. Similarly the trace on the plane of yz consists of
a circle whose radius is @ and an ellipse whose axes are 2¢ and

2b; and the trace on the plane of zz, of a circle of radius 4 and
an ellipse whose axes are 2a and 2c.
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through the crystal from the point of incidence, to the direction

OP there will be an assemblage of rays proceeding all in that
one direction. These rays, on arriving at the other face of the
crystal, will be all differently refracted, since they correspond to
different wave fronts, and there will thus be produced on
emergence a hollow diverging cone of rays, each ray of the cone
having a different plane of polarisation.

This is found to be experimentally the fact. The limitation
that the rays shall only pass in one direction, is effected by
placing two thin plates of metal, with a small hole perforated
in each, in such positions on the two sides of the plate of crystal
that the line joining them shall coincide with the line of single
ray velocity, a pencil of light is then made to converge to a
point at the hole in one of the pieces of metal and the light
received on a screen on the other side of the plate. The size of
the ring of light formed at different distances and the polarisation
of each ray are found to agree with theory. This phenomenon
is known by the name of external conical refraction.

18. It is evident again from the last fizure that a common
tangent can be drawn to the two curves of section in the plane
zw, and a plane through this tangent and perpendicular to the
plane zz will touch the surface in two points @ and R. It can
be shown however that this plane really touches the surface
along a curve, and that this curve is a circle of which B¢ is the
diameter. (Salmon’s Solid Geometry, Axt. 465.) |

The equation of this plane is easily obtained, for since QR
touches both the circle and ellipse, its equation must assume
either of the forms

lo +nz =00+ n
or le + nz =N P&+ n'a’.
‘Whence P +n'a*=(I*+n*) b*:

RN, R (s
-~ - o

P =) =nt (@~ ¥ or
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while the point of incidence of the ray sweeps half round the
circle of contact. All these rays when incident on the second
face of the plate of crystal will emerge parallel, since they all
belong to one wave front, and we shall thus obtain a hollow
cylinder of light.

The limitation of the direction of light is made by placing
two plates of metal with a small hole in each, one of them being
in contact with the crystal, the other at some distance from it,
and allowing only the ray which has passed through both these
to enter the crystal, If the line joining these be experimentally
adjusted to the right position, a cylindrical pencil of rays will be
found to issue from the plate. This cylinder is very small
unless the piece of crystal be of considerable thickness. The
phenomenon may be made more eonspicuous by receiving the
light on a lens of short focal length which will convert the
cylinder into a hollow cone of light which may either be re-
ceived on a screen or by the eye. If this pencil be viewed
through a Nichol’s prism, the polarisation of its different rays
is found to agree with the theory. This phenomenon is known
as internal conteal refraction.

20. The preceding investigations apply to the most general
case of double refraction, namely that in which all three constants
a, b, ¢ are unequal. If all three become equal, the ellipsoid of
elasticity becomes a sphere, the wave surface two coincident
spheres, and double refraction ceases. If however only two are
equal, as @ and &, double refraction will still exist. In this case
the ellipsoid of elasticity becomes a spheroid, and its two sets of
circular sections coincide. There is thus only one optic axis,
which is called the axis of the crystal, and such crystals are, as
before stated, called uniaxal crystals.

The equation (3) of Art, 8

P =¥) (v - ) +m? (o —c) (v =a®) + n® (v* — o) (*=8") =0,
becomes

(v* — an) {ﬂt_ U_: + mz) e n‘aﬂ'.t} =0,
whence

V' =d’, or v* = a’n’ + ¢ (I* + m?).
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From the Prirosornicar MacaziNe for October 1871,

ON

A CLASS OF DEFINITE INTEGRALS.

BRY

J. W. L. GLAISHER, B.A, FRAS,, F.C.PS.

e e

; THE Theory of Definite Integrals, strictly speaking, is con-

fined within a very small compass; in fact it can scarcely
be said that there exists a Theory of Definite Integrals in the
same sense as we speak of the Theory of Equations, the Theory
of Curves, &ec.: the integrals are evaluated, but their properties
are not, as a rule, studied. The majority of works having the
title are devoted to the evaluation of Integrals by different iso-
lated methods, which, though well adapted for the purpose and
interesting, are not connected together as parts of a theory. A
similar want of system holds with regard to the integrals them-
selves. Many have been evaluated on account of their use in
physies, a greater number on account of their intrinsic interest
or elegance, more still as examples of different and frequently
highly ingenious modes of evaluation ; while in not a few cases
it 1s hard to see what inducement tempted their authors to
spend time over them. The subject of Definite Integrals, re-
garded as a science, is still rather in the observational than the
theoretical state; ¢ e. the results have more resemblance to
detached facts observed than to a chain of facts connected by a
theory ; and so it must for a long time remain.

Any one who takes up a memoir or work on the subject (such
as Meyer’s Theorie der bestimnten Integrale, published during
the present year) must at once notice that, except in a few cases
such as the Elliptic Functions, the Gamma Function, &ec., which
are usually considered separately, a number of definite integrals
are proved equal to certain quantities, without any indication
being apparent wh}f those given should have been preferved to
others omitted, or, in the absence of any propertics of the func-
tions, for what purpose they were evaluated. The fact seems to
be that every definite integral, not so complicated or unsymme-
trical in form as to be absolutely destitute of interest, which
admits of finite expression, or of expression in a tolerable simple
series, has been evaluated ; and the gaps which occur are due to
the integrals omitted not being so expressible. Thus, for ex-
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Je
j‘ Mot :'!;dx = %—e‘“——%&ﬂ Exf (24 ¢),
[

agreeing with (59). * S
It need scarcely be remarked that the funetion owes its im-
£

portance in the Theory of Heat to the fact of u= Kuf il

being an integral of
du d*u

=

dt . da?®

From its uses in physics, it will be evident that the error-
function may fairly claim at present to rank in importance next
to the trigonometrical and logarithmic functions,

Tables of the Error-function.

For large values of 2 the formula (55) converges rapidly for
some distance, and affords a means of caleulating Frfz and
¢ Brf a with ease ; and for small values the formula (53) gives
Erfe  conveniently. For intermediate values the three formulze
(63), (54),and (55) are all inappropriate, It was this difficulty
of caleulation which induced Kramp to compute his Tables.
Speaking of the series (53) and (55), he remarks :— Les deux _
séries laissent done entr’elles un vuide pour I’évaluation exacte
de Vintégrale, qui peut aller depuis =1} jusqu’a #=4, et que
nous ne pouvons remplir par aucune des méthodes connues,
Comme la connoissance de cette intégrale est absolument essen-
tielle pour le caleul des réfractions qui approchent de ’horizon ;
comme elle est également indispensable dans Panalyse de hasards ;
comme de plus la solutiond’une infinité d’équations différentielles
revient & cette méme intégrale, j’ai eru qu’il valoit la peine d’en
caleuler la table depuis =001 jusqu’a 2=3:00" (Traité des
Réfractions, p. 134). The Tables which Kramp ealculated are
three in number. Table L. gives Erf # from 2=0 to 2=1'24
to eight decimal places, from 2=1-24to 2=1-50 to nine places,
from 2=1-50 to 2=2-00 to ten places, from 2=2:00 to =300
to eleven places, the intervals throughout being *01. Differ-
ences as far as A? are added from #=0 to =161, and as far
as A? from #=161 to =300, Table II. contains log,, (Erf z)
from #=0 to #=8-00 at intervals of ‘01 to seven figures. First
and second differences are added. Table I11. gives log,,(e® Erf 2)
from 2=0 to #=300 at intervals of ‘01 to seven figures. First
and second differences are added. Table I. was calculated by
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(Encye. Metropol, < Theory of Probabilities,” p. 451). De
Morgan remarks that he does not know whether this Table was
calculated independently or depends on Kramp’s Table ; but on
P- 269 of the Jakrbuch Encke says that Table I. was deduced
from Bessel’s Table of [ e==dz in the Fundamenta. Bessel, as

we have seen, tabulated log)o (¢ Erfz); and if Encke’s Table
was derived {rom Bessel’s, it must have been by interpolation
from his Table II. It is more probable, however, that it was
derived from Kramp’s Table I., from which it can be deduced
at once. Table II., Encke states, was formed by interpolation,
and is probably founded on Table I.  Both these Tables, as well
"as Kramp’s Tables I. and II., are reprinted at the end of De
Morgan’s article, previously referred to, in the Encyclopadia
Metropolitana.

The Table accompanying the present paper gives Eef 2 from
=300 to 2=3'50 to eleven places, from z=2350 to z=4-00
to thirteen places, from 2=4:00 to =450 to fourteen places,
subject to certain qualifications with regard to the accuracy of
the last figure, which will be stated further on. The values
were calculated by means of the same difference-formula, viz.
(60), that Kramp used. Separate Tables of log,, e=**(= —a%u,
p being the modulus) and of

Ra®—1 Qa— B
lﬂgm{h—h*m—l— wg h8— 5 ﬁ"}

were formed. The second of these Tables was differenced
throughout, and the gradual change of the differences from
*0000430 to '0000427 afforded a very good test of its accuracy.
A Table of Erf (#+ &) —Exf2 was then deduced from the two
subsidiary Tables, and was differenced throughout as far as A3;
and the regularity of these last differences proved the correctness
of the Table. Erf3 was calculated, as previously mentioned,
from the continued fraction and the differences subtracted from
it, till Erf 3:5 was obtained =000 000 658 5487... The correct
value obtained from the continued fraction was .

Erf 85 ="00000065855376.. .,

so that eleven figures are the same in both ; it is probable, there-
fore, that the last figure in the values from 2=3'00 to =350
is nowhere in error by so much as a unit. As an additional
verification, Erf 3-2 was calculated from the continued fraction
and found =-000 005 340191 .. .., which agrees with the num-
ber given in the Table. Erf 4 was calculated from the continued
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