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I. On the arc of the meridian measured in Lapland. By I, Todhunter,

M.A., F.RS.

[Eead May I, 1871.]

1. The arc of the meridian measured in Lapland, although of small extent, and therefore

unimportant when compared with the very large arcs which have been since measured, is of

great interest in au historical point of view. The measurement of this arc in 1736 and 1737

settled a controversy which had been carried on for some time as to tlie figure of the earth.

The eminent observers of the family and school of Cassini maintained that the polar diameter

of the earth was larger than tlie equatorial diameter; while Newton and his followers main-

tained the contrary opinion. The result of the operations carried on in Lapland was decisive

against the Cassinian theory; but it introduced another difficulty into the subject, and thus

stimulated theorists and observers to farther exertions. For the ellipticitv of the earth

obtained from the use of the measurement in Lapland seemed too large to harmonize with the

result of other investijcations. And accordinsjlv the arc was remeasured at the besinninfr of

the present century.

2. I have recently had occasion to study the details of the two measurements of the arc

in Lapland in connexion with a work on the history of the Mathematical Theories of Attrac-

tion, and of the Figure of the Earth, which has for a long time engaged my attention. I have

been surprised to find that the accounts of these operations, which are most easily accessible,

altliough written bv very distinguished astronomers, contain numerous and serious errors; and

1 have thought it would be interesting and instructive to point out these errors and supply

the appropriate corrections. I do not propose to give a narrative of all the circumstances of

the two operations, but only such a sketch as will render intelligible the critical remarks

which form the substance of this memoir.

3. The controversy which was maintained between the Cassinians and the Newtonians as

to the figure of the earth, induced the French Academy to procure the measurement of a

degree of the meridian near the equator, in order that the question in dispute might be settled

by comparing this length with what was considered to be the known length of a degree of the

meridian in the latitude of Paris. Accordingly Bouguer, La Condamine, and Godin started in

May, 1735, on this expedition for Peru.

Vol. XIL Part L 1



2 Mr TODHUNTER, OX THE ARC OF THE

Shortly afterwards another expedition was arranged for measuring an arc of the meridian

as near as possible to the pole. This task was entrusted to four members of the Academy,

Maupertuis, Clairaut, Camus, and Le Monnier. Moreover I'abbe Outhier, who was a

correspondent of the Academy, and Celsius, who was professor of astronomy at Upsal, were

associated with the four members of the Academy.

The Arctic expedition left Paris in April, 1736.

4. Two accounts of the French expedition were published by members of the party,

Maupertuis and Outhier.

Maupertuis published La Figure de la Terre determin^e.... Park, 1738. The greater part

of this work is reproduced in the Histoire de VAca.demie..Jor 1737, which appeared in 1740.

The work of Maupertuis was translated into various languages. See La Condamine Journal

du Voijaije,... T^age iii. I have a German translation which was published at Zurich in 1741,

and a Latin translation which was published at Leipsic in 1742. I shall make my references

to the original French edition of Maupertuis's work.

Outhier published Journal dun Voyage au JVord.... Paris, 1744. This work seems to be

scarce and little known; I have used the copy which is fortunately in the LTniversity Library.

T may mention that the list of plates does not quite correspond with the plates in this copy,

which is the only one I have seen.

5. The calculations and the theoretical deductions are given most fully by Mauper-

tuis ; the details of the daily occupations of the members of the party, and the peculiarities

of the country and of the inhabitants, are given most fully by Outhier.

6. It will be convenient to name some other important authorities to whom I shall

have frequent occasion to refer.

The original account of the remeasurement of the arc at the beginning of the present

century is that published by Svanberg under the title Exposition des ojKrations faites en

Lapponie Stockholm, 1 805.

In various volumes of Zach's Mo)iatliclie Gorrespondenz papers will be found which

relate to the Swedish survey. They are interesting from the fact that they are nearly

contemporary with the operation to which they relate. In Vol. xii., page 425, of the

Journal references are given to the preceding papers on the subject.

The Connaissance des Terns for 1808 contains in pages 466. ..479 what may be called

a review of Svanberg's book. This review may be safely attributed to Delambre, who
was then the editor of the Connaissance des Terns. In fact on the first page of the

review the writer speaks of himsilf as having caused the repeating circle to be made ; and

from page xv of the preface to Svanberg's book we iilentify the writer with Delambre.

In the numbers 121 and 122 of the Astronomische Nachrichten, published in 1827, there

is an elaborate discussion by Kosenberger of tiie French measure of the arc.

The well-known treatise on the Figure of the Earth in the Encyclopedia Metro-
poUtana, by G. B. Airy, the present Astronomer Royal, is dated 1830.
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7. In referring to the works of which I have spoken I shall give the initial letter

of the author's name, followed by the page of the work to which I invite attention.

8. We return to Maupertuis and his companions. There was some doubt at first

as to the most eligible place for measuring the arc of the meridian. M. 11; 0. 3, 52. Finally

Tornea was taken for the most southern station, and Kittis for the most northern

station; these are both close to the river Tornea and nearly on the same meridian.

The other stations w^ere mountains not far from the river.

9. All the geodetical angles were observed in the space of about two months,

between the beginning of July and the beginning of September, 1736. The observations

were made with a quadrant of two feet radius. M. 33, 79; 0. 204...219.

10. The step next taken was probably the most difficult and the most important

of all, namely to determine the amplitude of the arc, that is the difference between the

latitudes of the extreme stations. The star B Draconis was selected, which passed the

meridian very near to the zenith of both places. Observations of this star were made

at Kittis on five days of October, and at Tornea on five days of November. The

instrument employed was a zenith sector constructed by Graham, at London; it resem-

bled that with which Bradley had made the observations which established the aberra-

tion of light. The instrument was not employed to determine the absolute zenith distance

of a star, and hence the latitude of the place, but only the difference between the zenith

distances of the same star at two places, and the consequent difference of latitudes. M. 37.

11. It is necessary to observe very carefully the fact recorded at the conclusion of the

preceding Article. The contrary has indeed been stated : thus " The latitudes were

observed with a sector made by Graham" " the latitudes were re-observed
"

A. 169. These statements are of course erroneous, and, as we shall see, the error has

exerted a fatal influence.

12. The observations for determining the difference of latitude required corrections for

aberration, for precession, and for a third inequality wiiich had been recently discovered

by Bradley, and which is doubtless what we now call nutation. M. 44, 123. No correction

was made for refraction. ]\I. 125. The final result was that the difference of latitude

appeared to be 57' 26"-93. M. 104, 124.

13. The base was measured on the frozen surface of the river Tornea, very nearly in the

direction of the stream ; the extremities of the base were on the land. The measurement of

the base was begun on December 21st, and occupied a week. Eight rods of fir were

employed each five toises long.

14. It has been stated however that the rods were each four toises long. A. 205.

I am at a loss to account for this statement, as both tiie original authorities concur in giving

five toises or thirty feet. M. 49 ; O. 137. It would I think be advantageous for the sake

of accuracy to have the rods as long as possible.

1—2



4 Mr TODHUXTER, OX THE ARC OF THE

15. The correct length of the rods of fir was determined by the aid of an iron toise

which had been carefully adjusted to the length of the standard toise at Paris. M. 49; O. 137.

This toise has since taken its place in the history of the subject as the Toise du Xord.

It is necessary to say a few words on this Toise. An iron toise had in like manner

been taken by the party despatched to Peru, which has been since known as the Toise du

Pe'rou. It is curious that neither Maupertuis nor Outhier alludes to the Toise of Peru.

We know however that the Toise of Peru and the Toise of the North were made by the

same artist, and that they were carefully compared and found equal before the expedition

started for Peru. See La Condamine Mesure des trois premiers degr^s... page 75.

On the return of Maupertuis from Lapland to France he was shipwrecked in the Gulf of

Bothnia. He barelv alludes to the misfortune himself, but we find from Outhier that the

instruments were immersed, and were cleaned rather more than a month after the accident.

M. 78; O. 169, 189.

La Condamine gives an account of these and other toises in the Histoire de PAcademie

...for 177'J, second part, pages 4S2...501. He considers that the Toise of the Xorth may

be from — to — of a line shorter than the Toise of Peru ; this he attributes to the
30 20

results of the shipwreck. We learn from his memoir that the name of the artist was

Langlois. This memoir is perhaps the authority which is required by Airy : see the

note to his page 206.

The Toises of Peru and of the North were again compared in 1799 and found to

be sensibly equal: see Base du S>/st. Metrique lu. 413.

The toises are referred to by Delambre in his Rapport kisforique... \S10, page 6[).

16. I cannot give any later references for the history of these famous toises. It

is reported that one at least of them was damaged by a workman who used it as a

crow-bar, being ignorant of its importance. From enquiries lately made at Paris by a

distinguished member of the University it may be inferred that the toises cannot be

found, or that they are in such a state that no safe determination could now be

made of their length when first employed. Although it is much to be regretted that

any accident should have befallen these famous toises, yet even if there had been no accident

I should hesitate to believe that after the lapse of \30 years the lengths of such iron

bars would be absolutely the same as they were originally.

17. It followed from the amplitude of the arc and the measured length of the base

that a degree of the meridian at the Arctic circle was nearly 1000 toises larger than it

should have been, according to the Cassinian theory. M. 58. The magnitude of this

result astonished Maupertuis and his com])anions ; and although they considered their

operations to be incontestable they resolved to make most rigorous verifications. M. 63.

IB. The angles of the triangles were supposed to admit of no doubt; these ano-les

had been observed many times by various persons, and the three angles of every triangle

had been observed.
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19. The following statement has been made: "The result being somewhat different

from what tliev had expected, the latitudes were re-observed, and some angles of the

triangles, whicli had been before omitted, were observed." A. Ifig.

The first part of this sentence does not adequately represent the opinion of Mau-

pertuis, as we see from his dijfe'roit taut and his nous etoiinolt.

I have already drawn attention to the error involved in the statement that the

latitudes were re-observed, Art. 11.

The statement with respect to "some angles of the triangles'" is not in harmony with

the evidence. It is true that while the base was being measured the altitude of one

object, a tree, which had been neglected, and which was of very little importance, was

observed. M. 53; O. 140. But no angles of triangles were observed after the base had

been measured. Maupertuis obviously lays stress on this fact. M. 48.

20. Tile accuracy of tlie calculations was verified by combining the triangles in various

ways; and also by investigating what the result would be on the assumption that errors had

arisen in measuring the angles which all tended to make the length of the arc of the meridian

greater than it should have been. But the length of the arc still continued without any-

important diminution. M. 63. ..65. The measurement of the base was considered to be

above suspicion.

21. Thus it only remained to consider the amplitude of the arc. Maupertuis gives

reasons for warranting confidence in this also ; nevertheless he resolved to employ a most

laborious verification, which would exhibit the accuracy of the instrument and the degree

of precision which could be ascribed to the value of the aniplituile. The verification

consisted in determining the amplitude again by observations on another star : the star

a Draconis vvas selected.

It should be remarked that another reason has been assigned for selecting the am-

plitude as the part of the whole work which should be verified ; namely, that it was

more easy to verify tiiis than any other part. Histoire de P Academie... for 1737, page 95.

And Outhier seems to offer as a reason simply the fact that the long winter gave them

time. O. 153. See also Art. 64 of the present memoir.

22. The star a Draconis was observed with the zenith sector at Tornea on the 17th,

18th, and igth of March, 1737; and at Kittis on the 4th, 5th, and 6th of April.

The amplitude of the arc as determined from these observations, when corrected in

the manner noticed in Art. 12, was 57' 30"'42.

Thus the second determination of the amplitude exceeded the first by 3"'49. Maupertuis

remarks that this excess would be reduced to 2"'54 by allowing for an inequality in the

divisions of the sector ; and that it would not surpass 2" if only the best observations

were employed. M. 124. But he does not avail himself of these adjustments.

23. Maupertuis adopted the mean of the results furnished by the stars 8 and a

Draconis, namely, 5?' 28""67, as the amplitude of the arc between his extreme stations

;
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and deduced 57437-9 toises for tlie length of the degree of the meridian which is bisected

by the Arctic circle. M. 125.

2-1. It is reported that Maupertuis himself was not satisfied with the result obtained,

and wished to repeat the operations at his own expense. See Lalande's BibUograyhie

Astronomique, pages 407 and 811; Zach's Monatliche Corresponde7iz, Vol. i. page ll6.

25. The scrutiny to which the operations of the French expedition have since been

subjected has resulted in the introduction of various small corrections ; although these do

not materially affect the result, yet they deserve some attention, and we will now

consider them.

26. A correction for refraction was suggested at a very earl v period ; see Bouguer's

Figure de la Terre, page 290 : it was considered that the amplitude of the arc ought

to be increased by about a second, and the length of tlie degree diminished in con-

sequence by about 1() toises. Bailly, in a note on page 39 of Vol. in. of the Histoire

de l Astronomie Moderne, has by a misprint sixteen seconds instead of sixteen toises.

Rosenber<'er corrects the observations of each star for refraction ; and on the whole his

corrections on this account increase the amplitude by about l"-03. In the Encyclopedia

Metropolitana, page 206, the correction of the amplitude for refraction is put at o"-7.

27. In the trigonometrical calculations Maupertuis in general reduced his angles to

the horizon; but in one case he seems to have omitted to do so, wliich produced a slight

error. R. 21. ..23. That this error is slight might have been anticipated from the fact

that Outhier calculated the length of the arc without any reduction to the horizon, and

obtained a result which did not differ by 5 toises from that of JIaupertuis.

Maupertuis made no reduction for the elevation of his arc above the level of the sea;

but this is of very small importance. Rosenbergcr allows for it. R. 22.

A more important point is the levelling of the base; Maupertuis makes no reduction

on this account : we shall have to recur to it. See Art. 49.

28. Rosenberger determines what he considers the most probable values of the angles

of the triangles according to a method proposed by Bessel. After making the necessary

small corrections, Rosenberger finally obtains for tlie length of tiie arc between the extreme

stations a result about 2'7 toises less than that of Maupertuis. M. [)3; R. 2().

We may consider it to be certain, after Rosenberger's investigations, that the geo-

detical data supplied by I^Iaupertuis cannot be made to produce a result sensibly different

from that which Maupertuis himself obtained. Indeed, it seems to me that this conclusion

might have been taken as obvious without Rosenberger's investigations, when we consider

the various calculations made by Maupertuis himself, especially that on his Plate viii.,

and also Outhicr's calculation.

29. The astronomical part of the operation is however by far tlie most important.

Maupertuis found for tiie amplitude, 57' 26'' "93 by 2 Draconis, and 57' 3o"-42 by a Draconis.
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M. 124.. Rosenberger finds respectively, 57' 27"-60 and 5?' 3l"-87. Rosenberger allows for

refraction, and he uses astronomical corrections which differ somewhat from those of

Maupertuis. Both Maupertuis and Rosenberger allow for a fault in the sector which the

artist Graham had detected; namely, that the arc was 3""75 too short. M. 104, 117; O. 231,

Thus, taking the mean of the two results, Maupertuis made the amplitude 57' 28"-67
;

and Rosenberger 57' 29"-74.

It seems to me that Rosenberger ought to have adopted the result he had thus

found ; but he alters it : and this brings us to a very troublesome matter.

30. Maupertuis records some observations which were made in order to verify the

statement of Graham that the sector was too short. He selected two objects which

subtended at a certain point an angle known by calculation to be 5° 29' 5o" ; and he

found by using the sector horizontally, in a way which he explains, that the observed

angle, allowing for Graham's defect, was 5° 29' 48"95. The close agreement Maupertuis

considers to shew the accuracy of the instrument. M. II7, lis.

There is, however, this peculiarity, namely, that in describing the operation Maupertuis

says that the angle observed was found ^:»/»s grand. Here grand must be a mistake for petit.

Rosenberger detected the misprint in the German translation of Maupertuis, and ascertained

that it occurred also in the original. I see that the misprint occurs also in the Latin transla-

tion and in page 457 of the Histoire de I'Acade'nrie... for 1737. It is still more extraordinary

to find the same error in Outhier ; he says, in fact, that the observed angle was

5" so' 7"j||, where he ought to say that it was 7 "^7, less than 5" 30'. 0. 231. There can

be no doubt that it is a misprint ; the sector indeed, could not have been used to

measure an ansle greater than 5° 30'.

According to Rosenberger the misprint is corrected in a work entitled Degre du Mt'ridien

. . . 1740. This work contains an account of some operations in which Maupertuis was

engaged after he returned from Lapland : I have not seen the original, but in a German

translation which I have the misprint is corrected.

The occurrence of this strange misprint in the accounts both of Maupertuis and Outhier

is remarkable; more especially as Outhier's work appeared after the correction in 1740.

I may state that Rosenberger seems not aware of the existence of Outhier's work.

3L We have however to continue our discussion of the irregularity in the zenith sector.

Maupertuis found by trial that the degree of the sector which was used with respect to

S Draconis was o"*95 larger than the degree which was used with respect to a Draconis ; and

he observes, that in consequence, the discrepancy between the two determinations of the

amplitude is reduced by this amount. M. 70, 75, 118. It should be observed that one out of

five observers differs considerably from the other four as to this amount.

Maupertuis does not however make any correction of his amplitude on account of this

irregularity; and indeed it is plain that no correction could be made unless more information

were furnished. For suppose it to be certain that the degree used with respect to 5 Draconis

was exact; then the degree used with respect to a Draconis must have been too small, and the
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amplitude determined from a Draconis must have been about a second greater than it ought to

have been : thus the mean amplitude formerly obtained ought to be diminished by about

half a second. Suppose however it to be certain that the degree used with respect to

a Draconis was exact ; then the degree used with respect to ^ Draconis must have been too

lartre, and the amplitude determined from ^ Draconis must have been about a second less than

it ou^ht to have been: thus the mean amplitude formerly obtained ought to be increased

by about half a second.

We see then from these cases that the correction to be applied to the amplitude is indeter-

minate without further information.

32. Rosenberger in fact seeks further information from Maupertuis's book, and arrives

at the conclusion that the degree used with respect to a Draconis was o"-928 too large,

and that the degree used with respect to S Draconis was l"-87S too large: thus on the

whole the mean amplitude formerly obtained is to be increased by half the sum of these two

quantities, and so it becomes 57' 3l' "14.

Finally he takes a mean between this and his former result, and thus obtains 57' 30"-44.

I venture to consider the whole of this process as arbitrary and unjustifiable.

33. Let us first examine the additional information which Rosenberger supposes that he

obtains from Maupertuis's book.

The sector was furnished with a micrometer screw. Each revolution of the screw was

divided into 44 parts: and each revolution of the screw was equivalent to 43' "S. Perhaps

we may infer that the maker intended each part to correspond to one second, and that he

had not exactly succeeded in his design.

34. Now Maupertuis gives a table of the results obtained in verifying the intervals

of 15' on the arc of the sector; see his page 120. This table records the number of turns and

parts of a turn for successive intervals of 15' as found bv the French observers and as

stated bv Graham. The following is an extract from the table

:

1»30'
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Rosenberger however puts the number of parts in the French mean as 23-4 instead of 23*354

and so obtains 23-518 instead of 23 -tgo. But the difference is unimportant.

Thus according to Rosenberger 900 seconds correspond to 903'518 parts: from which we

obtain o"996l06 as the value of a part.

36. Now according to the table we have as the mean between Graham and the French

observers 80 revolutions 95 parts for the degree of the limb between 3° 15' and 4° 15' ; that is

3615 parts. But from Art. 35 if there were no irregularity we ought to have 4. x 903-518

parts, that is 36l4 072 parts. Hence there is an excess of "928 of a part; and this gives about

o"*924. Rosenberger says o"-92S; so that he takes a part to correspond to a second. There

can be no objection to this identification of a part with a second here; but then it was quite

unnecessary for Rosenberger to give the value of a part in seconds to six places of decimals

which occurs at the end of Art, 35.

37. Having thus drawn from the table the inference that the degree used with respect to

a Draconis was o''-928 too large, Rosenberger does not consult the table again to ascertain the

state of the degree used with respect to ^ Draconis, but says that this degree was l""878 too

great; he must therefore have added to his o"-92S the o"-95 which was mentioned in Art. 31.

But let us refer to the table; the part which we require is given in Art. 34. Assume

that for the interval between 1° 3?' 30" and 1° 45' we have half the results given in the

table for the interval between 1° 30' and 1" 45'; and make a similar assumption with

respect to the interval between 2° 30' and 2" 3?' 30". We shall then have for the degree

between 1° 37' 30" and 2° 37' 30", according to Graham, 80 revolutions 95*6875 parts, and

according to the French observers 80 revolutions 93-7 parts; the mean is 80 revolutions

94-69375 parts, which is less than the SO revolutions 95 parts obtained for the degree

between 3" 15' and 4" 15'.

38. I conclude that the table is not to be held as accurate to the degree necessary

for the use to which Rosenberger applies it. Tiie table indeed is not thoroughly con-

sistent with the statement made in Art. 31; and Rosenberger has made an arbitrary

selection of the part of the table to which he trusts. Probably the French observers considered

that the statement made in Art. 31 was very accurately established, but that the statements

involved in the table were less certain. In fact, according to the table the French

observers made the degree of the sector between 3" and 4" almost 3" longer than the

degree between 4" and 5", and we should naturally expect that they would have drawn

attention to this circumstance if they had considered it to be really established by their

observations.

93. I maintain therefore that Rosenberger was not justified in taking 57' 3l"'14

as the amplitude when allowance is made for the irregularity of the sector, because we

have not the necessary trustworthy information as to this irregularity.

If however the information had been trustworthy he should have maintained this

value, and not have taken a mean between this and the value obtained on the suppo-

VoL. XII. Part I. 2
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sition that the sector was free from irregularity. Of course if there had been other

observers equal in credit to Graham and the French observers, and they gave as the

result of observation that the sector was quite regular, there would have been a ground

for takin<r the mean; but in the absence of such evidence I see no possible reason

for it.

Thus I should take 5?' 2i)"-7-i for the amplitude as deduced from the observations

of Maupertuis. This allows for the refraction and depends on astronomical corrections

which are doubtless more accurate than those used by Maupertuis. At the same time

it is quite obvious that whether from irregularity in the graduations, or inequality in

the screw, an error of a second was very likely to occur in using the sector.

40. Something remains to be said as to the table on page 120 of Maupertuis's

work which has already engaged so much of our attention.

The mean of the French observations is, as we have stated, 20 revolutions 23-354.

parts. Rosenberger takes the number of parts as 23-4, while Maupertuis himself takes

it as 23-3. The table is reprinted in the Degre du Mfridien enire Paris et Amiens...

1740. I have not seen this work, but only a German translation of it. In this trans-

lation the entry of the French observers opposite to the interval between 4" 15' and

4° 30' is 23'9 parts instead of 22*9 parts. I do not know whether this is a correction or

a misprint. If we take 23-c) parts the mean becomes exactly 20 revolutions 23-4 parts.

41. It may be observed that Outhier throws no light on the matter which we have

discussed in Arts. 37. ..40; he merely says that the divisions from degree to degree were

verified by observations. 0. 231.

42. Perhaps it will appear that I have given too much consideration to a point

which does not affect tiie amplitude by much more than a second. My reply is that

every second is important in the correct evaluation of the amplitude, if it can be really

shewn that such an increase or diminution ought to be made. But I am principally desirous

of drawing attention to the process as an example of what appears to me to be not

unfrequently occurring in science, namely the attempt to extract trustworthy results

from inadequate data by taking means.

I am of course aware that I shall seem presumptuous in putting my own opinion

or arguments in opposition to such an eminent authority as Rosenberger, but that is a

risk which I have to encounter repeatedly in the course of this memoir.

43. We must now pass from the French to the Swedish measure of the arc of the

meridian in Lapland.

In nyy on the recommendation of Melanderhjelm the Academy of Sciences at Stock-

holm was led to consider the advantage of a rcmeasurement of the arc of the meridian

in Lapland, and Svanbcrg, who was born in the vicinity of Tornea, made a preliminary

survey. It wa.s resolved to undertake the work, and Ofvcrboni and Svanberg spent the

time from April to October of tiie year 1801 in choosing stations and erecting signals
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and observatories as a preparation for the final voyage in which the measurement was to

be effected. See the preface by Melanderhjelm to Svanberg's book. Lalande in 1801

used these words—"et nous aurons, en 1803. la solution de cette ancienne difficulte."

Bibiiograplde Astronomiqne, p. 857.

It may be stated in general terms that while Svanberg obtained a decidedly shorter

length for a degree of the meridian than that of Maupertuis, vet the difficulty can

hardly be said to be solved.

44. The measurement of the base occupied from February 22 to April 1 1 of the

year 1802. Svanberg adds, with a laxity of expression of which this is not the only

example, that this work continued during two entire montiis. S. xix. The geodetical

angles were observed in June, July and August of tlie year. The observations of

the pole-star to determine the latitudes were made at Mallorn, the southern extremity

of the arc, in October, and at Pahtavara, the northern extremity, in December. S. 141, 152.

45. All the angles, both geodetical and astronomical, were observed with the same

instrument, which was a Borda's repeating circle that had been constructed by Lenoir

at Paris under the eyes of Delambre. S. xviii. Svanberg does not record tlie dimen-

sions of this instrument.

The base was measured by iron bars about six metres long ; the lengths of these were

adjusted bv the aid of an iron bar two metres long, which was prepared at Paris by

Lenoir, and the length of which was verified by Mechain and Delambre. This double

metre was presented to the Swedish party by the French Academy, together with a copy

of the toise of Peru. S. 1, 2.

46. Svanberg himself records his observations and his results in centesimal degrees,

minutes, and seconds; but unless the contrary is stated or obviously implied I shall

always use the sexagesimal scale.

47. Svanberg extended the arc of the meridian which the French had surveyed, a

little more than a third of a degree towards the north, and a little less than a third

of a degree towards the south. The two extreme stations of the French arc were nearly

on the same meridian ; Svanberg's extreme stations were both decidedly to the west of the

meridian. See Svanberg's diagram of triangles.

Rosenberger says that the ends of Svanberg's arc are more than 20' from those of

the French arc ; with respect to the southern ends this must mean not more than 20'

of latitude, but more than 20' on a great circle passing through the two southern ends.

48. Svanberg chose the same locality for his base as Maupertuis ; but unfortunately

the bases did not exactly coincide. Svanberg admits that at the North end he did not

discover the precise point at which the French base terminated ; he states that at the

South end he did discover the marks left by the French. S. 19, 20. But from a com-

parison of the diagrams given bv Svanberg and by Outhier it is clear that tlie French

and Swedish bases did not terminate precisely at the same point even at the South end.

2—2
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See S. figure 26; O. 217; D. i69. As Delambre observes, it is to be regretted that the

Swedish astronomers had no knowledge of Outhier's book, which would have guided them

in their search and perhaps enabled them to discover the exact positions of the extremities

of the French base.

49. There is another difficulty which arises in the comparison of the bases.

The French accounts leave the impression that, except at the descent from the land

to the ice, the base was level; while on the other hand Svanberg speaks of a little

mountain at the South end. O. 138; S. 17- Rosenberger finds that the South end of

Svanberg's base was 8-4 toises above the North end. Rosenberger also speaks of a hill

more than 50 feet high. R. 20.

I may observe that Rosenberger does not refer to Svanberg's own book, but to the

account of it given in Zach's Monatliehe Correspondenz. It seems to me that the writer

of this account has fallen into one very serious error, and drawn Rosenberger after him;

namely, the error of supposing that considerable cataracts occur in that part of the river

Tornea over which the French base was measured. Monat. Corresp. xii. 430. What

Svanberg himself says is, that the river Tornea has very considerable cataracts entre iViemisby

et la ville: here la ville means Tornea, and Niemisby is at the South end of the base.

Also the maps given by Maupertuis and Outhier mark several cataracts at various points

of the stream ; but none between the extremities of the base. Thus, in fact, these

cataracts do not exercise any influence on the length of the base; although, of course,

they supply information which may be useful when the length of the whole arc has to

be reduced to the level of the sea. In Svanberg's first journey, although he noticed

that the river had a decided slope in the neighbourhood of the French base, yet he says

nothing about cataracts. Zach's Monatliehe Correspondenx, Vol. i. page 142. Delambre

draws attention to the fact that the French observers make no reference to the inequalities

in level of the l)ase, and to the reductions which would thus be necessary. D. 469.

50. According to Svanberg his base required to be diminished by about r41 toises,

for error of level. S. 21; D. 469. Delambre proposes to diminish Maupertuis's base by

•7 of a toise on this account. D. 471. I do not know how he obtains this '7 of a toise.

Can it be possible that, since Maupertuis himself made no correction, while Svanberg

made a correction of about 1'4 toises, Delambre took '7 of a toise as a mean.''

Rosenberger adopts what seems to me the most reasonable course, of leaving Maupertuis''s

result unchanged on this account.

51. The length of Svanberg's base, reduced to the level of the sea, is 7414"4919

toises of Peru ; but there is a little uncertainty as to whether the proper allowance was

made for temperature. S. 21, I9I ; A. 210.

Maupertuis's base was 7406 toises 5 feet 2 inches.

But, as the two bases did not quite coincide, no inference can be drawn from these

figures as to the accuracy of the measurements. We must, therefore, make some com-

parison of the results deduced from the base lines.
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52. Svanberg records the angles which he observed, and the lengths which were

deduced by calculation, but he does not give a table of the triangles which were em-

ployed in these calculations. It is to be regretted, as Delambre says, that Svanberg

deviated from the received custom in this matter. In the Monat. Corresp. Vol. xii.

Svanberg's deficiencies are usefully supplied.

53. Svanberg says that the choice of the French stations was found to be very good.

But it may be presumed that he could hardly be certain of the exact positions of any

of the French stations except Tornea ; and this must be borne in mind in the comparison

of results. On this important point Svanberg is silent, as on many others : Delambre

adverts to it. D. 471, 472.

54. The following table of results shews that there is a close agreement as to the

values of the lengths calculated from the two bases. Maupertuis does not give the

figures, so that they are taken from Outhier's book. It must be observed that Outhier

did not reduce his triangles to the horizon.

The distances are in toises. The letters have the following meanings : Q stands for

Kittis, P for PuUingi, N for Niemi, H for Horrilakero, A for Avasaxa, K for Kakama,

C for Cuitaperi, b for the North end of the base, B for the South end, T for the

church at Tornea.

It will be remembered that b and B do not denote the same points in the two

surveys ; and indeed we cannot be sure that any letter does except T.

S. 0.

QP 10672-3 ... 10676-0

QN 13549-1 ... 13560-0

PN 8757*6 ... 8768-8

PH 11522-9 ... 11558-5

PA 14271-0 ... 14277-3

NH 7028-4 ... 7029-0

NK 25047-2 ... 25053-5

HA 7447-9 ... 7451-6

HC 13396-1 ... 13402-0

HK 190665 ... 19073-0

Ab 1186-0 ... 1207-3

AB 7239-7 ... 7242-8

AC 8656-9 ... 8660-0

CK 11406-8 ... 11411-5

KT 16688-5 ... 16695-0

55. The preceding Table contains all the lengths which are common to Svanberg

and Outhier. I have given them in the order in which they occur in Svanberg's pages

99, 100.
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Delambre gives such a comparison on his page 471 ; there are, however, some points

to be noticed.

He omits CK and KT.

His table is arranged in a different order ; the last entry in it is NQ : and here he

has an important misprint in Svanberg's value.

He says that in general the sides in Svanberg's series are too short ; as this is the

case with all the sides it is difficult to see the meaning of the words in general.

His table is separated into two parts by a line across the page : I do not see the

meaning of this.

56. The whole length of the arc of the meridian which the French surveyed is

according to Svanbej-g 54919'25 toises ; while according to Maupertuis it is S^giSQS toises.

S. 171.

Svanberg says that by taking tlie mean of the different results recorded by Maupertuis

we get .54925'63 toises, which differs by only 6'S8 toises from Svanberg's own result; and

5*355 toises of the difference can be attributed to the circumstance that Maupertuis's base

was not levelled. Tliis statement about the 5"355 toises is one of the many things in

Svanberg's book which are not sufficiently explained. Svanberg himself diminished his

base by about r-il toises for error of level : see Art. 50. This would correspond to about

II toises for the whole length of the arc. D. 469. Can it be possible that Svanberg

takes a mean between the zero which corresponds to the absence of any correction in

Maupertuis's own process and the 11 toises which correspond to his own correction.''

Rosenberger adverts to the difficulty. R. 20.

It is plain that there is a good general agreement between the geodetical parts of the

two surveys. The French did not measure any base of verification: and indeed, owing

to the shortness of the arc surveyed, it was not necessary to do so.

Svanberg in his book does not mention any base of verification ; but we learn from

another source that such a base, though smaller than the first, was measured with wooden

measuring rods, and that it agreed perfectly with the first. See Zach's Monailiche Cor-

respondent, Vol. VII., page 564.

Delambre gives the preference to the Swedish operations: see his page 474. He asserts,

as I understand liiin, that in the French operations the difference between the sums of

the angles of a triangle and 180° ranged from 18" to 40": but according to the numbers

supplied by Maupertuis, the greatest error of this kind is 2i)"'4; and according to the

numbers supplied by Outhier, it is 3l". M. 87. ...90; O. 221. On the other hand, Delambre

once expressed a different opinion as to the relative merits of the two surveys. For it is

asserted by Zach, on the authority of Lalande, that Delambre wrote a long letter to

Mclanderhjc'lm full of objections to Svanberg's measure. It seemed to Delanibre impos-

sible tiiat the Frencli Academicians could have made an error of 12'' in their amplitude;

and he did not admit as certain the superiority of the small repeating circle which he

had himself used. Sec Zach's Monatliche Gorresponde^ix, Vol. viu., page 446.
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57. But we will turn to the most important subject ; namely, the amplitude.

Delambre sajs, on his page 477

:

Prenons de meme dans la table de M. Svanberg la latitude de Kittis 4-2324245

73-1648380Celle de Tornea etant ... ... , ,

La difference en degres centesimaux sera ... ... ... ] 0675865

en degres sexagesimaux ... ... ... ... o° 57' 39"-01

Suivant Maupertuis, par a du Dragon ... ... ... ,., 57' 3o"*35

par S ... ... ... ... 57' 26"-9

d'ou resulte une erreur de 10 a ll" dans Tare de 1736, a moins qu'on ne dise que le nou-

veau signal de Kittis etait dans une position tres-difFerente de I'ancien, ce qui ne parait

gueres probable d'apres Tare terrestre et toutes les comparaisons rapportees ci-dessus. . . ,

In the latitude of Tornea the last figure should be 3 instead of ; but this is of

no consequence. However, the result at which Delambre arrives requires consideration.

In the first place the latitude above assigned for Tornea is that of the spire of the

church of Tornea; now the French observatory at Tornea was more than 73 toises to the

south of this. M. 92; S. 171. Hence, as Svanberg calculates, the latitude of the French

observatory was 73'l634058 ; and so the amplitude becomes, according to Svanberg, 1-0690187;

and this in sexagesimal notation is 57' 43""62. In the second place, as to the French

amplitude. Delambre quotes indeed results obtained by Maupertuis, but not the results

which Maupertuis himself adopted, and which in fact involved corrections for what we now

call nutation. M. 122, 123. Maupertuis himself estimated the amplitude at 57' 28''-67. Thus

the difference between the French and Swedish amplitudes is almost 15'', and not lO" or

11" as Delambre says.

Delambre having to compare the French and Swedish amplitudes, as we see, quoted

neither of them correctly.

If we adopt Rosen berger's value 57' 30"'44 for the amplitude, the difference is rather

more than 13"; if we adopt Rosenberger's more trustworthy value 57' 29"'74, the difference

is nearly 14".

58. We may observe that there are three points at Tornea which have to be care-

fully distinguished: the church of the town of Tornea, another church called the Finnish

church, and the French observatory. The French made no use of the Finnish church

for their triangles, so that in reading Maupertuis and Outhier we have only to distin-

guish between the church of the town and the French observatory. Svanberg made use

of the Finnish church. M. 31 ; . 53 ; S. 42 ; D. 467.

59. But we have by no means finished the subject of the amplitudes. Such strange

errors have been made by distinguished astronomers that it is necessary to be very par-

ticular as to the facts.

Svanberg determined by observation with his repeating circle the latitudes of his



16 Ma TODHUNTER, ON THE ARC OF THE

extreme stations Mallorn and Pahtavara ; he determined bj calculation the latitudes of

his intermediate stations. S. 170, 171.

Maupertuis determined by observation with his zenith sector the difference of latitude

of Tornea and Kittis.

60. Maupertuis however did make observations to determine the latitude of Tornea,

some with a quadrant of three feet radius, and some with a quadrant of two feet radius.

From the former Maupertuis obtained fio" 50' 50" for the latitude, and from the latter

65" 50' 5l". It was necessary for Maupertuis to know approximately the latitude of one

of his stations in order to determine the situation of the degree of the meridian of

which he had found the length, but an approximate latitude was sufficient. But whether

the latitude which he adopted was exact or only approximate is a matter of no interest

to us at this point, because it has no hrfluence whatever on the amplitude of the French

arc ; this amplitude we know rests on differential observations made with the zenith

sector.

But it may be observed that from the nature of the instruments employed we

cannot give much confidence to Maupertuis's determination of the latitude of Tornea.

Indeed the recorded observations themselves warn us of their character ; as Maupertuis

himself says, they give distances of Polaris from the pole which differ by as much as

\i". See M. 138. The observations were criticised at an early period. See Article 8

of the preface to the Latin translation of Maupertuis's work.

Outhier records the latitude as Ga" 50' 50" for the observatory, Q5'' 50' 5i^" for the

church, and says that Belberg had found 65'^ 43' in 1695. See O. 233.

According to the Russian survey the latitude of Tornea is 65' 49' 44."*7. See Ordnance

Survey.. .Principal Triangiilation... -page 752. I do not know at present what point in

Tornea is taken, as Struve's great work on the Russian survey is not in the University

Library. This differs much from Maupertuis's value, which is of small importance as

regards the French survey, but of great importance as regards the Swedish survey.

61. I repeat for the sake of distinctness that the amplitude of the French arc is

in no way connected with the latitude which Maupertuis assigned to Tornea.

62. Now Svanbcrg, as we have said in Art. 57, found for the latitude of the

French observatory at Tornea 73"l634058, which is equivalent to 65" 50' 4<)""435 ; then

he adds : ce qui est precisement celle qui rcsulte des observations faitcs au ccminience-

ment du Janvier Tan 1737; de sorte que dans cet element nous ne difierons point du

tout des determinations anciennes. S. 171.

It is obvious that the word pr/cisi^ment is improper Iiere ; the difference between

Svanbcrg's result and the mean of Maupertuis's results is a trifle more than a second, and

every second is of importance here. It is absurd to pretend to be accurate to a

thousandth part of a centesimal second, and then to reject more than a sexagesimal

second. Rosenberger by taking a stricter mean of Maupertuis's results and using other
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corrections for refraction makes the difference between IMaupertuis and Svanberg to be

2"-4. See R. 26.

It is a grave fault in Svanberg to appeal to the rough determination of the latitude

made bv Maupertuis, which was comparatively unimportant in the French survey, as

affording any real corroboration of the Swedish astronomical observations. It is curious

that although Svanberg goes on to shew that the difference in toises between the French

value and his own of the common arc is small, he makes no reference here to the great

difference of amplitude. He avows however in his introduction his astonishment at the

difference in the two operations. S. xxv.

63. Svanberg then goes so far as to consider that he and ilaupertuis agree in one

important element, namely the latitude of Tornea. Let us now see how Delambre states

the matter

:

" Calculant d'apres sa formule la difference des paralleles entre Mallorn et tous les

signaux, et I'eglise de Tornea en particulier, il arrive a ce resultat remarquable, que la

latitude de cette eglise se trouve precisement la meme qu'en 1736. Nous avons deja vu

que I'erreur ne tient pas a Tare terrestre, tout le mal viendrait done des observations faites

k Kittis."

Thus Delambre adopts what was objectionable in Svanberg, and adds to it the fatal

suggestion that the discrepancy between the French and Swedish results arose at Kittis.

64. In a note Delambre remarks that Maupertuis's observations of the latitude at

Tornea were not made with the zenith sector ; and that they were really unsatisfactory

;

but Delambre omits what is the essence of the matter, namely the fact stated in Art. 6l.

The note is important on other grounds. Delambre had in his hands a manuscript

by Le Monnier. This manuscript contains some observations not to be found in Mau-

pertuis's book. Delambre says: "Parmi ces observations de la polaire, j'en ai trouve qui

donnent 5"' 36" pour I'amplitude a s" pres, corame elle resulte des observations nouvelles

[but see Art. 57] ; et ce sont elles qui ont decide les academiciens fran^ais, en mars

1737, a verifier leur amplitude par a du dragon." This passage seems to shew what we

should have thought impossible, that some attempt was made to determine the amplitude

by the rude observations with the quadrants. Also we are furnished with a fourth

reason quite distinct from the three which have been already assigned for the re-deter-

mination of the amplitude; and all four reasons rest on contemporary authority. See

Art. 21.

65. The error of Delambre has been reproduced with greater distinctness. We
read

:

" The geodetic measures, as far as they went together, agree very well ; the

latitude of Tornea, as determined by Maupertuis, agrees perfectly well with the

observations of Svanberg ; the latitude of Kittis was not observed by Svanberg.

It is much, very much, to be regretted that the Swedish astronomer did not repeat

the observations at the only place where an important error could be feared." A. 173.

Vol. XII, Part I. 3
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Here besides the mistake of supposing that Maupertuis's latitude of Tornea is

connected with his amplitude, we have the distinct statement that the only error to be

feared was at Kittis. Moreover it is implied that Svanberg observed the latitude at

Tornea, but not at Kittis : whereas he observed neither, but determined both in the

same wav by calculations from the observed latitudes of his extreme stations.

66. Of course the practical consequences of the errors which we have pointed out

in Arts. 63 and 65 might have been very serious. Any person who wished to settle

the difference between the French and the Swedish surveys, would naturally rely on

the authority of the eminent astronomers we have quoted ; and so would conclude that

all he had to do was to observe carefully the latitude of Kittis. The fact is that in

order to confirm or correct Maupertuis the latitudes both of Tornea and of Kittis

must be determined carefully, or rather the difference between the two latitudes. It is

to be reo-retted that Svanberg did not carefully observe these latitudes ; in fact he

should have given his main attention to verifying the French arc rather than to

extending it

o

o

67. Of course the great difference in the amplitude of the common arc leads to

a corresponding great diff"erence in the length of a degree of the meridian. According

to Maupertuis the length of a degree of tlie meridian bisected by the Arctic circle is

.57437-9 toises. According to Svanberg the length of a degree of the meridian which

has its middle point in latitude 66" 20' 10"-047, which is at the middle point of his afc

of the meridian, is 57196-159 toises. S. 192. It is curious that the amount of the

difference should be something like the 1133 feet which was the excess of La Cuille's

degree at the Cape of Good Hope above the recent determination by Sir Thomas

Maclear. Proceedings of the Royal Society, xviii. llO.

68. We may briefly advert to some opinions which have been held as to the

measurements of the degree of the meridian in Lapland.

Laplace when the second volume of the Micanique Celeste was published had only

the French measure which he employed ; taking a mean between the several series of

triangles and correcting for the refraction.

Voiron says cautiously " Les resultats des dernieres operations faites en Laponie

paroissent obtenir la priifcrence sur ceux de 1736." Histoire de I'Jstronomie, 1810,

page 292.

lloscnbcrger in 1827 maintained the trustworthiness of the Frencli survey.

In the article in the Encyclopcedia Metropolitana which is dated 1830 an agreement

with Rosenbcrger is expressed. A. 206, 210. Both the French and tlic Swedish results

arc used in determining the Fijjure of the Earth. A. 218.

Kothman in his History of Astronomy also follows Rosenberger ; see page 94 of

this History. Perhaps Ilotliman yielded to tiie authority of the Encyclopcedia Metro-

politana, to which lie refers in his page 108.
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In 1S32 Bowditch in the notes to liis translation of the second volume of the

Mdcanique Celeste adopts the Swedish result.

In 1833 Narrien is peiliaps in favour of the Swedish result. He speaks of Tornea

as a citii ; it consisted of 70 wooden houses according to Outhier. Narrien's History

of Asironomy, 479; O. 119.

Bessel in 1837 and 1841 in determining the Figure of the Earth employed t!ie

Swedish result and not the French, without any remark on the subject : Astronomische

Nachrichten, numbers 333 and 438. Thus it seems that Rosenberger's advocac\- of the

French operations had not convinced his distinguished master.

Biot in 1 845 seems to accept Svanberg's result as a matter of course. Astronomie

Physique, iii. 181.

69. It is not easy to suggest any explanation of the discrepancy between the

French and the Swedish results. Before tiie Swedish expedition had been arranged,

the opinion might have been held that the mountainous nature of the ground had

caused a deviation of the plumb-line of the French sector. But Svanberg came to

the conclusion that this was not the case; and that the attraction of the whole moun-

tain chain could scarcely have caused a deviation of half a second. See Lalande"'s

Bibliographie Astronomique, 811. Zach's Monatliche Correspondent, xii. 424, and the

preface by IVIelanderhjelm to Svanberg's work.

Svanberg. as usual omitting the most important matters, tells us nothing about iiis

extreme stations: and he gives no map. Delambre thinks that the south points of

Svanberg's arc are in the islands of the Gulf of Bothnia. D. 467. It is of course

possible that the land may have been disposed unsymmetrically in the vicinity of the

islands, and thus some deviation have been produced in the direction of the vertical.

70. It is natui-al to turn our attention to the instruments on which the deter-

minations of the amplitude depended in the two surveys. The success which had

attended Bradley in his employment of a zenith sector for his investigation of the

aberration of light without doubt must have reflected great credit on the instrument,

and probably gave the French observers much confidence. Speaking without any

practical familiarity with a zenith sector, I may say that I should have been disposed

to think much more highly of it when emploj-ed for such a purpose as Bradlev's in

a fixed observatory than when it had to be moved about in a difficult country and to

remain mounted for only a short time at one place. However Rosenberger makes a

powerful defence of the French zenith sector. Rosenberger shews from comparing the

indications of the instrument with the known declinations of a and ^ Draconis that the

line of coUimation did not change its position in the interval between the two sots of

observations at Kittis; and during this interval the instrument was taken from Kittis

to Tornea, and back again from Tornea to Kittis. Moreover the line of coUimation

did not change its position between the two sets of observations at Tornea; during this

3—2
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interval the instrument remained in general at Tornea; this interval in fact forms part

of the former interval.

71. The facts which Rosenberger thus establishes with respect to the sector are

very important; but we must not over-estimate them. It is still possible, though not

very likely, that a change may have occurred in the line of collimation while the

instrument was brought from Kittis to Tornea, and a change of an opposite kind while

the instrument was taken back from Tornea to Kittis. In fact what is essential is

that no change should have taken place in either journey ; and it is not quite enough

to shew that no change was perceptible after the two journeys.

72. An error has been introduced into the following account of Rosenberger's results

:

" he has shewn that the line of collimation was in the same state before the

journey from aiid after the return to Tornea as well as before the journey from and

after the return to Kittis." A. 206. The words which I have put in italics imply a

journey from Tornea to Kittis and back again ; but there was not such a journey

between the two sets of observations at Tornea which Rosenberger examines.

73. I have said in Article 70 that the instrument remained in general at Tornea

between the two sets of observations which Rosenberger examines. For owing to want

of acquaintance with Outhier's book Rosenberger does not notice a slight strengthening

of his case to which he might have appealed. Outhier in fact tells us that during

the interval spent at Tornea the zenith sector was taken to a place at a little distance,

set up there and used for observations, and then brought back ; and that no change

was detected in its indications. O. 131.

74. Rosenberger shews on the testimony of the work to which we have referred

in Arts. 30 and 40 that the zenith sector was used in France after its return from

Lapland ; and that its performance then was excellent. But this evidence is not quite decisive

as to the certainty of the results obtained in Lapland for two reasons ; the circumstances

in France would be much more favourable for the safe transport of the instrument, and

its proper adjustment ; and moreover the observers would have rendered themselves more

familiar with the instrument, and therefore would be probably able to use it with greater

advantage. It must be remembered that the French observers had not used their instrument

before they were in Lapland ; the instrument in fact was sent after them, see M. 31 ;

O. 91. I cannot help expressing the opinion that in such delicate operations the instru-

ment ought to be finished and if possible tested by the observers who are to use it

before it is applied to tlie work for which it is especially constructed. If any new

form of zenith sector is devised it ought to be employed to verify tlie latitude of some

known place or the difference of latitudes of two known places before it is trusted to

determine the latitude of an unknown place or the difference of latitude of two unknown

places.

75. The preceding Article was written before I had seen the ])apcr by Lieut.-Col.
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Strange in the 3Tonthly Notices of the Royal Astronomical Society, vol. xxxi. pages

10. ..16, which is very valuable in connexion with our subject. I may refer especially

to the opinion of the late Sir George Everest which is given on page 10 ; and to the

remarks at the top of page 13 and at the top of page 16.

76. Svanberg himself considered that the discrepancy between the two surveys was

due to the untrustworthiness of the observations with the sector ; he draws attention to

the great differences which were found by the observers in Peru to occur in their use

of zenith sectors. S. xxv. See also Melanderhjelm's preface to Svanberg's work, vi. vii.

I may add to this the testimony of Maskelyne as recorded by Frisi. Maskelyne

found at S. Helena that in sectors like that which Maupertuis used the friction of the

thread suspended from the centre sometimes produced an error of s" or 4". See Frisi

De Gravitate Corporzim page 140, or Cosmographia Vol. 11. page 88.

77. Let us now turn to the instrument employed by Svanberg. Repeating circles

seem now to have gone almost out of use; while zenith sectors retain their position.

Since the geodetical parts of the French and Swedish operations agree well together

we have so far a favourable testimony to Svanberg's repeating circle. But it must be

remembered that a much higher degree of accuracy is necessary for the astronomical

work than for the geodetical work. An error of lo" would be most serious in the

amplitude ; but such an error in the geodetical angles would be of little consequence.

See M. 60. But unfortunately it is the opinion of well-qualified judges that the

repeating circle is less satisfactory for the measuring of vertical angles than for the

measuring of horizontal angles.

78. Rosenberger's conclusion as to the French amplitude is that there cannot be

an error of 12" in it ; and that the great difference between the French and the Swedish

results must be explained in some other way.

79. It has been stated :

" In order to make this measure and that of Svanberg agree in all points, it is

necessary to suppose an error of 12" or more in the French observations of latitude at

Kittis. From the excellence of the instrument, the reputation of its maker, the care

and fidelity of the observers, as shewn in the points that have been examined, and the

circumstance of their having repeated the observations under the fear that some error had

crept into the first set, we have no hesitation in expressing our opinion that this is

impossible.^'' A. 206.

This involves the important error we have already pointed out ; it assumes that the

two operations agree at Tornea, and that the whole difference arises from the observa-

tions at Kittis. If however we take with this writer the erroneous hypothesis that the

zenith sector and the repeating circle were in accurate agreement at Tornea the two

instruments appear with equal testimony in their favour; and there seems no ground
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then for sayinjr that it is iinpossihle for the zenith sector to be wrong at Kittis since

this implies that the repeating circle must be wrong there.

80. After all it may be observed that discrepancies of equal or greater amount have

occured in other geodetical operations. See Delambre's Rapport Historique, page 74

;

also the article Trigonometrical Survey in the Penny Cyclopedia, page 224..

81. It would be a curious subject of speculation whether the theoretical opinions of

persons engaged in geodetical surveys could have exercised any influence on their ob-

servations ; I mean of course unconsciously, for it would be wrong to suspect any de-

liberate unfairness in any of the operations which I have examined. From a passage

in the article Figure de la Terre by D'Alembert in the original Encyclopnlie it would

appear that the school of Cassini originally believed that in consequence of the oblate form

of the earth, the leno-th of a degree of the meridian tvould decrease from the equator to

the pole. It seems strange perhaps now to suppose that such an error could be

seriously maintained; but there can be no doubt of it: for example, the error was

vehemently maintained by Keill, a man of some reputation, who was ultimately a

Savilian professor at Oxford. See Keill's Examination of Dr Burnefs Theory of the

Earth. ..page 140. It is certainly a remarkable coincidence that the school of Cassini

starting with the erroneous theoretical notion that the degrees of the meridian ought to

decrease from the equator to the pole arrived at the same result by observation and

measurement.

There can, I think, be no doubt that at least Maupertuis and Clairaut, who were the most

eminent of the French party, held the correct Newtonian theory as to the figure of tlie earth;

and their result was rather too decided in its confirmation of this theory. Now the geodetical

angles could scarcely be influenced by the theoretical opinions of the observers; because it

would not be obvious in what way the result would be affected by an error in an angle. But

in measuring the base it would of course be obvious that the larger was the value obtained,

the stronger was the evidence for an oblate form. Similarly in estimating the amplitude, the

smaller tlie value obtained llie stronger was the evidence for the oblate form. In these two

parts of the survey then it would be necessary to be on tlie watch lest the conviction of what

the result ought to be should influence the impression of what the observation really gives.

It is curious that ^laupcrtuis and his party seem to have thought at first that tiieir success

was too decided and therefore their amplitude too small ; and tliat on their second determina-

tion they should have made it between 3" and 4" larger than at first.

Svanberg, I consider, was sent to Lapland with a strong expectation that he would obtain

a less value of a degree of the meridian than that of Maupertuis. See filelanderhjelm's preface

to Svanberg's book.

82. There is a passage in Jlaupertuis's book which seems intended to siiew that he had

taken precautions to free his operations from the influence of tlieoretical opinions. Sec his

])age l-S Tout notre ouvrage ...
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It is not unlikely that the ti'iangles were calculated, at least roughly, before the base was

measured, assuming the base to be unity. Tiie natural curiosity to become acquainted with

the character of the result as soon as possible would suggest this course. This conjecture

seems a little confirmed by a passage on page 57 of Maupertuis's work, " Nous vimes..."

But on the other hand see Outhier's page 146, " Nous nous occupames ...'" and page Siy.

It is said that the French party kept the result very secret, in order to reflect at leisure on

what had been little expected, and to have the pleasure of bringing the first intelligence of it to

Paris. Histoire de CAcademie for 1737, page 94.

83. What is now really required is a good determination of the latitude of Kittis ; if we

may assume that the latitude of Tornea is known by the Russian survey : see Art. 60. It

seems probable that by the aid of Outhier's book the exact position of the French station at

Kittis might be ascertained. D. 477- Thus the French amplitude would be tested. As to the

Swedish amplitude the primary object would be to determine the latitudes of the extreme

stations Mallorn and Pahtavara ; but unless some information about the precise position of

these stations exists in unpublished papers there would be little hope of identifying them. Of

course the latitudes of intermediate stations between the extreme stations would be valuable as

testing the Swedish operations, and perhaps supplying hints as to local irregularity of attrac-

tion. The recent construction of an improved zenith sector brings it within the bounds

of possibility that national or individual energy may again attempt to solve this ancient

difficulty.

84. Svanberg's book has received high praise. Delambre calls it bel ; Laplace calls it

excellent; and Airy calls it very elegant. Rapport Historique, 73. Theorie des Probabilit^s,

Deu.iieme Supplement, 32. Encyclopcedia Jletropolitana, 173. The theoretical investigations

are satisfactory ; but do not seem to me very remarkable; they are printed in a very repulsive

manner. The great defect of the book is the perpetual omission of important details

which cannot be supplied from any other source. There are however only two other

matters on which I shall here offer any criticism ; and it is necessary to advert to them,

because silence mijrht be misunderstood. One of these matters is Svanbers's method of

combining his observations; and the other is Svanberg's notions on a question of mathe-

matical history,

85. The repeating circle is sufficiently well known to render it unnecessary to give

a full description of it. A pointer we may say takes up in succession positions on a

graduated circle for which the readings are A^, A^, A2,...A„. If there were no error in

the instrument or in the observation the difference of any two consecutive readings, as

Ai._^.x
— Aj., would give the required angle. If n is very large it is considered that

A —A~ " would represent very accurately the required angle. Thus the intermediate values

^1, A.^,. . .A„_x would not be used, and in fact would not be read. This then is the

common mode of using a repeating circle.
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86. Svanberg liowever proposed to record and use the intermediate readings. Every

pair of readino-s was to be employed. Thus Aj^ — A,^ would be taken as corresponding

to {k - h) times the original angle.

For a simple example, let us suppose there are five readings A^, A], A.^, A^, A^. Then

Svanberg's notion is to take the following

:

A^ — Asj, A^ — ^o> A-i — Ag, Ai — ^(j.

An — Ai, Aj — A^, Ai — Ai,

A3 — A.J, Ai — Aj,

Ai - A^,

then add all these together, and divide by the sum of

1+2+3+4
1+2+3

1 +2

1

The result in this case would be

4,Ai + 2^3 - 2Jj - 4J0

20

Of course general formulae can easily be constructed. S. 30.

87. It seems to me that the idea of this method might have presented itself to

any person, and would in most cases have been immediately dismissed. I should call it

a commonplace blunder. The principle of the repeating circle is that even if the instru-

ment be small and therefore the graduations not very fine yet by taking a large multiple

of the required angle we may eliminate the errors, instrumental and observational. To use

as Svanberg does small multiples is equivalent to surrendering the supposed advantages

of the instrument.

88. Svanberg himself seems to have had some misgivings ; for he proposes also a

modification of his process: this amounts to rejecting every such pair as A/^ — Af^ when

& — A is less than some fixed number, say e. See his page 31.

He gives an example on his page 32, which is taken from his actual calculations on

page 44. In this case w = 12 and e = 5.

89. Svanberg speaks of the original method as that in wliich all the observations

have the right to vote for the determination of the angle ; and then proceeds to apply

somewhat different language to the modified method. Tlic language seems to me very

unfortunate. Take the example we have used in Art. 86. The observations strictly

speaking are Ao, Ai, A^, A3, A^ Now it will be seen that in the result A.j does not occur;

while Aq and A^ occur with twice the cocthcient that Ay and A3 have.
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90. It is strikingly characteristic of the serious defect in Svanberg's book that

although he records all the readings of his instrument, and gives in every case the ano-le

which he has adopted, he never tells us whether he has calculated this angle by the

original method or by the modified method, except in the single example which he wives

in liis page 3-2. Moreover if he used the modified metliod lie oun-ht to have told us

the value of e.

I may invite the attention of any student of Svanberg's book to the curious method

by which he treats some doubtful observations on his page 148. It requires some exertion

to discover his meaning.

91. Laplace devotes a few pages in the second supplement to his Theory of

Probabilities to the consideration of Svanberg's method. Laplace says that it is a new

example of the illusions to which we are liable in these delicate subjects.

Laplace considers only the original method, and not the modified method. He comes

to the conclusion that Svanberg's method requires more observations than the common
method in the ratio of 6 to 5 in order to give equally good results. I am unable to

reconcile this numerical statement with a passage which I find in Delambre, page 472.

" M. Laplace, qui a analyst cette nouvelle methode, a trouve que Terreur a laquelle elle expose,

est a celle de la methode ordinaire comme 3 : 2, ainsi la methode commune est preferable

a tous ^gards; M. Svanberg, en convenant de la v^rite de cette remarque en certains

cas, pense qu''il en est d'autres ou le rapport serait au contraire celui de 1:3,85
"

92. It remains for me to speak on Svanberg's notions as to a question of mathe-

matical history ; see his pages iv. v.

Svanberg alludes to the researches of Huygens on centrifugal force ; and then he

says that if we suppose with Huygens that the force of gravity resides in the centre

of the earth we obtain for the ellipticity ^. Then he proceeds with the strange
578* /3

statement that these discoveries were the precursors of the hypothesis which Newton after-

wards proposed of universal gravitation. Thus Svanberg ascribes to Huygens and not to

Newton the priority in investigations of the Figure of the Earth. Now the first edition of the

Prineipia was published in 16S6. Huygens published in 1690 his Discours de la cause de la

Pesantettr. Although it appears from the preface that some part of this work had been

long before communicated to the Academy at Paris, yet Huvgens excepts the part which

relates to the motion of pendulums as affected bv the Figure of the Earth : and all that

relates to the calculation of the Figure of the Earth he expressly says was added after

the publication of Newton's Prineipia. Perhaps Svanberg was misled by a hasty glance

at Bailly's Histoire de PAstro7iomie Modeme, Vol. iii., page 9. Bailly accidentally notices

Huygens before Newton.

93. Again Svanberg says, "Newton ne tarda pas a remarquer, que I'hypothese de

Huygens d'une force unique tendante au centre de la terre, etoit ^quivalente a celle d'y

supposer une densite infinie." I do not know what this means. Huygens really used the

Vol. XII. Part I. 4
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hypothesis of a force constant in magnitude, and directed always to the centre of the

earth ; it is of course only as to the latter part of the hypothesis that we can assert

the equivalence of an infinite density at the centre. I do not think that Newton drew

attention to this equivalence : Clairaut did in the Philosophical Transactions, Vol. 40,

pages 277... 306.

Clairaut, I think, was the first who shewed that Huygens's value of the ellipticity

follows approximately from the latter part of Huygens's hypothesis, namely, that the force

always passes through the centre, without assuming any particular law of intensity of the

force at different distances. See Clairaut's Figure de la Terre, page 141. See also Plana

Astronomische Nachrichten, Number 839.

I. TODHUNTER.
April, 1871.

Addition. March, 1872. Just as this memoir has been sent to the press I have ob-

tained access to the work by F. G. W. Struve, entitled Arc du Mdridien de 25° 20' entre le

Danube et la Mer Glaciale... Part of the great arc to which this work relates extends from

Tornea to the northern extremity of Norway. This part of the survey was executed by the

Swedes and Norwegians; and a fuller account of it is to be published by the Academy of

Stockholm.

With such attention as I have been able to give to Struve's work, I have not discovered

any explanation of the discrepancy between Maupertuis and Svanberg. The latitude of

Kittis is not given ; and neither of Svanberg's extreme stations occurs in tlie new survey.

The latitude of the Finnish church at Tornea, which is called e'(/lise du district, is

given as 65° 49' 44"'S7: Struve, Vol. i., page Ixvi. Svanberg made it 73-164838 grades,

that is 65° 50' 54"'07. This seems to shew a great error in the most important part of

Svanberg's operation.

On the other hand, Struve gives for the latitude of the next station in the survey towards

the North, namely Stuor-oivi, 68° 40' 58"*40; and for the length of the arc of the meridian

between these two latitudes l6322rg04 toises. This gives about 57194 toises for the length of

a degree at the middle part of the arc, corresponding very closely with Svanberg's conclusion.

Struve adverts to the difference between IMaupertuis and Svanberg. He says on page xvi.

of Vol. I. : " En considerant que les observations de latitude n'avaient pas t-te faites sur les

meraes lieux, il a fallu admettre ou des deviations locales du fil a plomb, relativement tres-

considerables, ou une incertitude dans I'une ou 1' autre des 4 latitudes observees, par suite

d' imperfections des instruments employes." In speaking of the four observed latitudes

Struve falls into the same error as the other astronomers cited in the memoir.

The Toise of Peru is mentioned on page Ixxiv. of Vol. i.; this refers to the year 1821,

and implies that the Toise was then in a trustworthy state.



II. A Monograph of Ebenacew. By W. P. Hiern, M.A., St John's College.

[Read March 11, 1872.]

The family Ebenace* was first established by Ventenat in 1799 in his "Tableau dii

Kegne Vegetal," was revised by Jussieu in the "Annales dii Museum," Vol. V. p. 417, in

180-i, and was finally assigned in 1810 hy Brown in his "Prodromus FlorjB Novae HoUandiae

et Van-Diemen " and briefly reduced to its present shape.

In 1837 George Don in his "General System of Gardening and Botany," Vol. iv., gave

an account of the whole family as understood by him ; he enumerated S3 species which

he distributed amongst 8 genera. He however included the genus Diclidanthera with

2 species which is now placed in the family Styrace^ : he placed in Ilicini.e instead of

EBtiNACE^ Leucoxylum huxifolium, Blum. : and he described the new genus Diplonema which

however has not been maintained by subsequent authors as distinct from Euclea.

In lS-t4 AlpJionse De Candolle monographed the family, amongst the earliest of his

works, in the " Prodromus Systematis Naturalis Regni Vegetabilis," Vol. Tin., and produced

160 species and 8 genera, with the omission however of Leucoxylum huxifolium, Blum.

Three of these 8 genera were first defined in this monograph.

No subsequent treatise of an original character on the whole number of species of the

family has appeared.

In the present monograph 5 genera only are recognized, one of which ( Tetraclis) is

new, and amongst these are distributed about 250 species ; an account is also given of

the fossils that have been published as members of the family, but these are not included

in the above-mentioned estimate.

For the purpose of preparing the present paper I have consulted all the materials

within my reach; I may mention the following important collections which I have

examined.

(i) The royal herbarium at Kew, well known to be amongst the largest in existence,

where I have had the advantage of Professor Olivers incidental assistance.

(ii) The herbarium of the British Museum, containing many valuable type-specimens

and a large miscellaneous collection.

(iii) The herbarium belonging to the University of Cambridge, including the late

Dr Lindleys herbarium and Lehmann's herbarium, the latter named for the University by

Mr Bentham.

(iv) The- herbarium of the University of Oxford.

(v) The Wallichian herbarium of East Indian plants, now the property of the Linnean

Society of London.

4—2
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(vi) The Ebenace-E of the Uoiversity of Dublin, extremely rich in South African

plants, got together by the late Dr Harvey.

(vii) The Ebejjace^ of Dr Bonders herbarium of Hamburg, also rich in South

African plants.

(viii) The herbarium of Dr Van Heurck at Antwerp.

(ix) The royal herbarium belonging to the botanical garden at Brussels, containing the

private collection of the late Von Martins, the editor of the " Flora Brasiliensis."

(x) The royal herbarium at Leiden, where is the best collection in Europe of plants

indigenous to the Malay archipelago.

(xi) The imperial herbarium at Berlin, where also is the important type-collection

of Willdenotu.

(xii) The imperial herbarium at Vienna.

(xiii) The royal herbarium at Munich, which is especially rich in Brazilian plants.

(xiv) The type-herbarium of De CandolU at Geneva.

(xv) The Delesse>-t herbarium also at Geneva.

(xvi) The herbarium of the Paris Museum, which contains the best collections from

Madagascar and New Caledonia, the herbarium of Jiissieu, and a very large general col-

lection of plants.

(xvii) The Ebenace^e of the fine Angolan collection made by Dr Wehuitsch with

extraordinary care and true scientific judgment in the expedition undertaken by the

Portuguese government from 18.53 to 1860.

(xviii) The Australian collection of the great botanist Brown, now the property of

Mr Bennett, late of the British Museum.

I have also been favoured with the manuscript of the African genus Royena belonging

to the late Dr Harvey, which he had prepared but not completed for the " Flora Capensis
;"

I have taken up some new species of Eoyena which Dr Harvey had briefly described in

this manuscript.

Dr Thiuaites, of the royal botanical garden at Peradenia in Ceylon, has with much kind-

ness supplied me with fresh flowers in spirit, as well as dried flowers, belonging to Ebena-

ceous species indigenous to that island, and published by him in his " Enumeratio Plantarum

Zeylanise."

Economic Products, &c.

The economic properties of Ebeuacece arc principally connected with the wood and the

fruit, though other parts in some species arc of value and importance. The valuable wood

known by the name of Ebony is a black hard ami heavy wood, produced for the most

part by members of this family. Other families, however, sucli as Leguminosai, Sterculi-

acecB, Bignoniacew, &c. supply different kinds of wood that are also called by the name

of Ebony. Bertolini in Miscellanea Botanica, Vlll. p. 1 (1849), discusses the various claims

of difierent plants to represent the ebony of the ancients, and decides in favour of a

Leguminous species, which he calls Fomasinia ehenifera. For an account of ebony and

its varieties, a paper may bo consulted which was contributed by Mr P. L. Simmonds in

the Art Jounuil for 1872, pp. G6—68. Ebony is confined to the heart-wood of the trees
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that produce it aud is chiefly found in older trees; the wood of the younger being often

of a pale colour.

Ebony, as the term is used in commerce, is a close-grained and nearly black wood

of high specific gravity, heavier than water, a cubic foot weighing from 1100 to 1330 oz.,

is susceptible of a high polish, aud is chiefly used for inlajnng and fancy-work. The price

of the timber as imported into England varies from £8. 10s. to £9. 12s. Gd. per ton ; from

700 to 1000 tons are annually imported.

The wood is of an acrid pungent taste, and gives off an aromatic smell when burnt;

when dried at 100° C. it is said to contain 498 per cent, of carbon, 5'3 of hydrogen and

449 of oxygen ; it is also said to contain ulmic acid (see Schacbt, Der Baum, p. 198).

The strength of the wood is illustrated by the following experiment, but as it was tried

on a piece of inferior specific gravity the result is probably below the fuU strength of a

better class of ebony. A piece planed to one inch square and 24 inches long was sup-

ported at each end by two props, the clear distance from prop to prop being 20 inches

;

it was then found that a weight of 2 cwt. 3 qu. 20 lbs. was required (when hung on the

middle) to break the piece. (See Transactions of the Society of Arts, Vol. XLViii.)

Sawdust of Ceylon ebony (?Diospyros Ebenum, L.) when treated with cold water pro-

duces in the latter a rich or reddish brown colour, and after boilincf together for some time

no further change of colour results ; the sawdust retains its original very dark colour.

Ebony is employed to make pianoforte keys, the stringholder in violins, spear-points,

&c.; and the best kind of ebony is very valuable on account of its maintaining a perma-

nent shape and not warping, and is therefore used for rules and measures.

Many hard woods such as box-wood, pear-tree wood, &c. are now artificially dyed black,

and are used in commerce as ebony.

The following species supply ebony

:

Diospyros Ebenum, Konig. India, &c.

Diospyros melanoxylon, Roxb. India.

Diospyros Dendo, Welw. Angola, West tropical Africa.

DiospT,Tos sylvatica, Roxb. India, &c.

Diospyros Gardneri, Thw. Ceylon.

Diospyros hirsuta, Linn. fil. Ceylon.

Diospyros discolor, Willd. Malaya, &c.

Diospyros Embryopteris, Pers. India, &c.

Diospyi'os Ebeuaster, Retz. Malaya, &c.

Diospyros montana, Roxb. India, &c.

Diospyros insignis, Thw. Ceylon and S. India.

Diospyros Tupru, Buch.-Ham. India.

Diospyros mespiliformis, Hochst. Tropical Africa.

Diosp}Tos truncata, ZoU. and Mor. Java.

Diospyros tessellaria, Poir. Mauritius.

Diospyros haplostyUs, Boiv. Madagascar.

Diospyros microrhombus. Madagascar.

DiospjTos ramiflora, Wall. N.E. India.

Maba buxifolia, Pers. India, Madagascar, &c.
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Maba Mualala, Welw. Angola, West tropical Africa.

Euclea pseudebenus, E. Mey. South Africa.

&c. &c.

The following species also produce good wood.

Diospyros Malacapai, Alph. DC. Wood yellow with black spots. Philippine Islands.

Diospyros pilosanthera, Blanc. Ornamental wood. Philippine Islands.

Diospyros pilosa, Alph. DC. Timber fit for building purposes. Cochin China.

Diospyros pentamera. Wood very hard, pale. Australia.

Diospyros australis. Wood close-grained, fit for turnery. Australia.

Diospyros chloroxylon, Roxb. Wood pale. Circars, India.

DiospjTos Paralia, Steud. Wood white and hard. Guiana.

DiospjTos foliolosa. Wall. Valuable light-coloured wood. S. India.

Diospyros leucomelas, Poir. Wliite wood with black lines. Mauritius.

Diospyros lanceoefolia, Roxb. Hard and handsome wood. E. Indies.

Maba geminata, Br. Australia.

Royena lucida, L. Cape of Good Hope.

Euclea racemosa, L. and E. undulata, Thunb. Cape of Good Hope.

In New Caledonia the species of Maba and Diospyros furnish excellent woods for

building.

Calamander or Coromandel wood, a finely variegated and scarce wood, is produced by

Diospyros qucesita, Thw. and by Diospyros oppositifolia, Thw.

Black dyes are obtained from Diospyros mollis in Burmah, according to the Rev. Dr.

Alason; and from Diospyros Cunalon, Alph. DC, accordmg to Blanco.

Anchors for large boats are made, in the province of Tavoy in Burmah, of the wood

of Maba buxifolia, Pers.

Birds are said to die soon after eating the fruit oi Diospyros toxicaria; and Diospyros

inultifiora, Blum., Diospyros Ebenaster, Retz, Diospyros samoensis, A. Gray, and a Brazilian

species of Diospyros are fish-poisoners (see Allemao, Considerayoes sobre as plantas medicinaes

da flora Cearense, pp. 41, 4.3 [1862]).

A decoction of the bark of Diospyros Paralea, Steud. is valuable against fevers in

French Guiana; also in North America Diospyros virginiana, L. is used for a similar

purpose.

The juice of the finiit of Diospyros Embryopteris, Pei's. is very glutinous and charged

with tannic acid, and is used throughout South India for paying the seams of fishing boats

and for preserving fishing lines and nets.

The fresh wood of Diospyros Malacapai, Alph. DC. is said to keep off bugs (see Blanco,

"Flora do Filipinas," p. 303 [1837]).

A decoction of the leaves of Maba buxifolia, Pers. in Madagascar is employed in cases

of gastritis.

The fruits of the following species are edible.

Dio.spyros Kaki, Linn. fil. China, &c.

Diospyros virginiana, L. North America.

Diospyros Lotus, L. Asia.

Diospyros chloroxylon, Roxb. Circars, India.
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Diospyros decandra, Lour. Cochin China.

Diospyros melanoxylon, Roxb. S. India.

Diospyros Embryopteris, Pers. S. India and Ceylon, &c.

Diospyros Ebenaster, Retz. Malaya, &c.

Diospyros Kirkii. East tropical Africa.

Diospyros Tupru, Bucb. India.

Diospyros mespiliformis, Hochst. Tropical Africa.

Diospyros australis. Australia.

Diospyros batoeana. Tropical Africa.

Diospyros tessellaria, Poir. Mauritius.

Maba major, Forst. Friendly Islands.

Euclea undulata, Tbunb. South Africa.

&c. &c.

According to Dr Kirk near Victoria Falls in Tropical Africa the shrub Euclea divin-

orum is the medicine of the diviners, being rubbed in the hands.

Geographical Distribution.

The head-quarters of this family is India where the species are numerous, but of the

five genera which compose the family only two (though these are the largest genera)

occur in the whole of the East Indian regions. Two genera are peculiar to the continent

of Africa, and one, a new monotypic genus, is peculiar to the island of Madagascar.

Not a single species is indigenous to Europe; one however is naturalized in the countries

bordering on the Mediterranean sea.

The majority of the species are confined to the tropical regions of both the eastern

and western hemispheres ; several species are found in the subtropical regions, especially of

South Africa; very few in temperate regions, and none in the colder regions of either

hemisphere.

A specimen, apparently belonging to a tropical species {Maba iuxifolia, Pers.), is stated

to have been met with near the straits of Magellan; but this is probably an error.

For the better comprehension of the distribution, I have given below lists of species

as they are kuo^vn to occur in the different botanical regions into which the whole earth's

surface has been divided by Grisebach.

Arabia, New Zealand, Tasmania, Western Australia, and the district along the Andes in

South America are destitute of a single representative of the family.

Geographical distribution of Ehenacece with reference to Grisebach's regions. See

" Die Vegetation der Erde." 2 vols. Svo. Leipzic, 1872.

I. Arctic flora. 0.

II. Forest region of the Eastern continent. 0.

III. Mediterranean region. Diospyros Lotus, L. (Naturalized.)

IV. Steppes region. Diospyros Lotus, L.

V. China, Japan region. Diospyros Lotus, L. ; D. Kaki, L. f. ; D. Morrisiana, Hance

;

D. eriantha, Champ.; D. vaccinioides, Lindl.
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VI.

VII.

VUI.

IX.

X.

XL
XII.

XIII.

XIV.

XV.

XVI.

XVII.

XVIII.

XIX.

XX.

XXI.

XXII.

XXIII.

XXIV.

Indian monsoon region. Diospyros, 86 sp. Maha, 19 sp. Centre for Ebenacece, &c.

" which have not a wide distribution beyond," n. p. 71.

Sahara. 0.

Tropical Africa and Natal. Dios2}yros, 15 sp. ; Maha, 7 sp. ; Euclea, 11 sp. ; Royena

10 sp.

Kalahari. Royena, 2 sp. ; Euclea, 5 sp.

Cape flora. Euclea, 14 sp. ; Royena, 8 sp.

Australia. Maha, 10 sp. ; Diospyros, 6 sp.

Forest region of the Western continent. Diospyros virginiana, L.

Prairie region. Diospyros texana, Scheele ; Maha intricata.

Californian coast region. 0.

Mexican region. Diospyros, 5 sp.; Maha, 3 sp.

West Indies. Diospyros, 3 sp. ; Maha, 3 sp.

South American region North of the Equator. Diospyros, 8 sp. ; Maha, 3 sp.

Hylsea, region of equatorial Brazil. Diospyros, 8 sp. ; Maha, 2 sp.

Brazil. Diospyros, 11 sp. ; Maha, 3 sp.

Flora of the tropical Andes of South America. ?

Pampas region. 0.

Chilian transition region. ?

Antarctic forest region. ?

Ocean Islands. Diospyros, 27 sp. ; Maha, 12 sp. ; Tetraclis,

1. Azores. 0. 2. Madeira. 0. 3. Canaries. 0.

5. Ascension. 0. 6. St Helena. 0.

7. Madagascar. Maha, 3 sp. ; Diospyros, 19 sp

8. Mascarene I. Diospyros, 6 sp.

9. Seychelles. Diospyros, 1 sp. ; Maha, 1 sp.

10. Sandwich I. Maha, 2 sp.

11. Fiji I. Maha, 2 sp.

12. New Caledonia. Diospyros, 3 sp. ; Maha, 7 sp.

13. Norfolk I. 0. 14. New Zealand. 0,

16. Juan Fernandez. 0. 17. Falkland I. 0.

19. Kerguelens-land. 0.

sp.

4. Cape Verd I. 0.

Tetraclis, 1 sp.

18.

15. Galapagos.

Tristan da Cunha.

LISTS OF SPECIES IN ABOVE-MENTIONED REGIONS.

VI. Indian Monsoon Region.

Maba acuminata. Ceylon.

Maba oblongifolia. Ceylon.

Maba ovalifolia. Ceyloa

Maba nigrescens, Dalz. India.

Maba buxifolia, Pers.

Maba Andersoni, Soland. Tonga Islands.

Maba major, Forst. Tonga Islands.

Maba elliptica, Forst. Amboina and Cochin China.
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Maba sumatrana, Miq. Java and Sumatra. Andaman Islands (?).

Maba micrantha. India.

Maba lamponga, Miq. Sumatra.

Maba merguensis. Mergui archipelago.

Maba confertiflora. Labuan.

Maba punctata. Borneo.

Maba Teij.^manni. Java.

Maba hermaphroditica, ZoU. Java.

Maba javanica, Zoll. Java.

Maba Maingayi. Malacca.

Maba Motleyi. Borneo.

Diospyros insignis, Thw. Ceylon and S. India.

Diospyros Tupru, Buch.-Ham. India.

Diospyros melanoxylon, Eoxb. India.

Diospyros decandra, Lour. Cochin China.

Diospyros affinis, Thw. Ceylon.

Diospyros crumenata, Thw. Ceylon.

Diospyros sylvatica, Roxb. India and Ceylon. Java (?).

DiospjTos Kurzii. South Andaman.

Diospyros ehretioides, Wall. Tavoy, &c.

Diospyros hu-suta, Linn. fil.

Diospyros Korthalsiana. Borneo.

Diospyros oocarpa. Thw. India and Ceylon.

Diospyi-os truncata, Zoll. and Mor. Java.

Diospyros bomeensis. Labuan.

Diospyros quassita, Thw. Ceylon.

Diospyros Malacapai, Alph.DC. Philippine Islands.

Diospyros attenuata, Thw. Ceylon.

Diosjiyros acuta, Thw. Cejdon.

DiospjTOS Brandisiana, Kurz. Burmah.

Diospyros pruriens, Dalz. Bombay and Ceylon.

DiospjTOs apiculata. Penang.

Diospyi-os foliolosa, Wall. Madras.

Diospyros pilosula, Wall. Silhet.

Diospyros paniculata, Dalz. Bombay.

Diospyros Horsfieldii. Malacca and Java.

Diospyros densiflora, Wall. Moolrayne and Amherst.

Diospyros oppositifolia, Thw. Ceylon.

Diospyros Caithei. Manila.

Diospyros polyalthioides, Korth. Borneo.

Diospyros octandra. Burmah and Pegu.

DiospjTOS stricta, Roxb. East Bengal.

Diospyros eriantha, Champ. Borneo and Sumatra.

Diospyros dasyphylla, Kurz. Burmah.
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Diospyros flavicans. Malacca, &c.

Diospyros aurea, Teijsm. et Binn. Java.

Diospyros nigricaDS, Wall. East Bengal.

Diospyros Ebeuum, Kon. (Extensive range.)

Diospyros pellucida. Philippine Islands.

Diospyros maritima, Blum. Java, Celebes, Timor, Samoa Islands.

Diospyros philippinensis, Aiph. DC. Philippine Islands.

Diosp}Tos Gardner!, Thw. Ceylon.

Diospyros laucea^folia, Roxb. East Bengal.

Diospyros undulata, Wall. Malacca, Tavoy, &c.

Diospyros multiflora, Blanc. Philippine Islands.

Diospyros buxifolia. Malacca, Java, and S. Canara.

Diospyros montana, Roxb. (Extensive range.)

Diospyros Zollingeri. Java.

Diospyi'os Kaki, Linn. fiL Khasia.

Diospyros cbartacea, Wall. Burmah.

Diospyros variegata, Kiirz. Pegu.

Diospyros chloroxylon, Roxb. Bombay and Madras.

Diospyros cauliflora, Blum. Java.

Diospyros ramitlora, Wall. Bengal.

Diospyros Diepenhorstii, Miq. W. Sumatra.

Diospyros sumatrana, Miq. Sumatra and Borneo.

Diospyros pendula, Hasselt. Java.

DiospjTos biflora, Blanc. Philippine Islands.

Diospyros macrophylla, Blum. Java.

Dio.spyi-os oleifolia, Wall. Amhert, Pegvi, and Java.

Diospyros samoensis, A. Gr. Friendly Islands.

Diospyros ovalifolia, Wight. Ceylon and Madras.

Diospyros rhodocalj'x, Kurz. Siam.

Diosp}TOS frutescens, Blum. Java.

Dio.spyros perforata. Ceram I., Oceania.

Diospyros burmanica, Kurz. Pegu.

Diospyros oblonga, Wall. Pcnang and Singapore.

Diospyros Ebenaster, Retz. Philippine Islaud.s, Celebes, and Amboina.

Diosp3TOS discolor, Willd. Philippine Islands, Malaya, &c.

Diospyros argentea, Griff. Malacca.

Diospyros Embryopteris, Pers. (Extensive range.)

Diospyros vaccinioides, Lindl. Malacca, S. Andaman, &c.

Dio-spyros Cunalon, Alph. DC. Philippine Islands.

Diospyros dodocandra. Lour. Cochin China.

DiospjTOS Toposia, Ham. Bengal and Ceylon.

Diospyros cystopus, Miq. S. Sumatra.

Diospyros glauca. Rottl. Madras.

Diospyros grata, Wall. Nepal.
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Diospyros Hasseltii, Zoll. Java.

Diospyros Kuhlii, Zoll. Java.

Diospyros niicrocarpa, Spau. Timor.

Diospyi'os orixensis, Wight. CourtaUum.

Diospyros peuduliflora, Zoll. Java.

Diospyros pilosa, Alph. DC. Cochin China.

Diospyros jjilosanthera, Blanc. Philippine Islands.

Diospyros pyrrhocarpa, Miq. W. Sumatra.

Diospyros timoriana, Miq. Timor.

VIII. Tropical Africa.

Royena pallens, Thunb. Angdla and Seshike, Manganja hills, &c.

Royena cistoides, Wehv. Angola.

Euclea pseudebenus, E. Mey. Niger, Angola, &c.

Euclea fructuosa. Zambesia.

Euclea bilocularis. Zanzibar.

Euclea Kellau, Hochst. Abyssinia.

Euclea multiflora. Angola, &c.

Euclea diviuonim. Victoria Falls (and Delagoa Bay).

Euclea lanceolata, E. Mey. Benguela, &c.

Maba buxifolia, Pers. var. Guinea and Angola.

Maba lancea. Sierra Leone.

Maba Mannii. Niger.

Maba abyssinica. Abyssinia.

Maba quiloensis. Quiloa, Zanzibar coast.

Maba Mualala, Welw. Angola.

Diospyros Barteri. Niger.

Diosj)yros batocana. Zambesia.

Diospyros crassiflora. Old Calabar.

Diospyros Heudelotii. Senegal.

Diospyros Kirkii. Zambesia.

Diospyros Loureiriaua, G. Don. Mozambique and Angola.

Diospja'os Mannii. Niger.

Diospyros mespiliformis, Hochst. E. and W. tropical Africa.

Diospyros platyphylla, Welw. Angola.

Diospyros senensis, Kl. Mozambique.

Diospyros squan-osa, Kl. Mozambique.

Diospyros tricolor. Guinea.

Diospyros verrucosa. Zambesia.

Diospyros Dendo, Welw. Angola.

Natal, Delagoa Bay, &c.

Royena lucida, L. Royena scabrida, Harv.

Royena cordata, E. Mey. Royena villosa, L.

5—2
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Royena hirsuta, L.

Royena pallens, Thunb.

Royena parviflora.

Royena nitens, Harv.

Royena glandulosa, Harv.

Euclea lanceolata, E. Mey.

Euclea divinorum.

Euclea multiflora.

Euclea natalensis, Alph. DC.

Euclea daphnoides.

Euclea undulata, Thunb.

Euclea macrophylla, E. Mey.

Maba natalensis, Harv.

Diospyros rotundifolia.
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XVI. West Indies.

Maba Grisebacliii. Cuba.

Maba caribsea.

Maba inconstans. Griseb.

Diospyros tetrasperma, Sw. Jamaica, St Domingo and Cuba.

Diospyros halesioides, Griseb. Cuba.

Diospyros laurifolia, Rich. Cuba.

XVII. South American region north of the Equator.

Maba inconstans, Griseb.

Maba caulifiora, Mart. Cayenne.

Maba Mellinoni. French Guiana.

Diospyros tetrandra. Guiana.

Diospyros velutina. New Granada.

Diospyros Sprucei. San Carlos, Columbia.

Diospyros cayennensis, Alph. DC. French Guiana.

Diospyros Paralea, Steud. Guiana.

Diosjjyros glomerata, Spruce. French Guiana.

Diospyros capreefolia, Mart. Surinam.

Diospyros Goudotii.

Diospyros (?) xj'lopioides, Mart. Guiana.

XVIII. Hyl^a, region of equatorial Brazil.

Maba myrmecocarpa. Diospyros polyandra. Spruce.

Maba myristicoides. Diospyros glomerata, Spruce.

Diospyros Poeppigiana, Alph. DC. Diospyros caprsefolia, Mart.

Diospyros emarginata. Diospyros artanthasfolia. Mart.

Diospyros subrotata. Diospyros Paralea, Steud.

XIX. Brazil.

Maba inconstans, Griseb. Diospyros ovalis. Pernambuco.

Maba sericea. Diospyros hispida, Alph. DC.

Maba Hilairei, sp. nov. Diospyros coccolobffifoha. Mart.

Diospyros velutina. Diospyros gaultheritefoUa, Mart.

Diospyi-os spinosa. Dio.spyros Weddellii.

Diospyros Ebenaster, Retz. (introduced ?). Diospyros caprrefolia, Mart.

Diospyros discolor, WiUd. (introduced ?). Diospyros apeibacarpos, Radd.
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Lists airanged in Numerical Order of numbered Collections of Ebenacece made
by various principal Botanical travellers.

For use with numbered sets of distributed or large collections of plants, I have drawn
up lists arranged in numerical order, so that in the case of any Ebenaceous plant belonging

to such collections the name of the species can be at once ascertained when the number
of the plant in the set is known. It will also give a direct view of the whole number of

species of the family obtained by each botanical traveller; and as travellers have in most

cases limited their journeys with respect to each set of plants to a particular region or

locality, it follows that such lists are calculated to throw much light on the geographical

distribution of the family.

Alphabetical List of enusieeated Collectoes.

Atherstone, Cape of Good HoiDe and Namaqua-

laud.

Barber, Borneo.

Barter, Niger.

Beccari, Keren, N.E. Tropical Africa.

Berlandier, Mexico.

Bernier, Madagascar.

Blanchet, Brazil.

Bolus, Cape of Good Hope.

Bonpland, Mexico and Guayaquil.

Botteri, Mexico.

Brown, AustraUa.

Burchell, Cape of Good Hope and Brazil.

Burton, Congo.

Chapelier, Madagascar.

Claussen, Brazil.

Cooper, Cape of Good Hope.

Cuming, PhiUppine Islands.

Cunningham, Australia.

Deplanche, New Caledonia

Drege, Cape of Good Hope.

Drummond, North America.

Ecklon, Cape of Good Hope.

Forbes, Delagoa Bay, South Afirica.

Galleotti, Mexico.

Gardner, Brazil and Ceylon.

Gerard, Natal and Madagascar.

Glaziou, Rio de Janeiro.

Goudot, New Granada and Madagascar.

Griffith and Heifer, East Indies.

Haenke, Mexico.

Harvey, Cape of Good Hope, Friendly Islands

and Australia.

Heifer (and Griffith), East Indies.

Heudelot, Senegambia.

HUlebrand, Sandwich Islands.

Hohenacker, Canara, India.

Horsfield, Java.

Hostmann, Surinam, South America.

Irvine, Abbeokuta, West tropical Africa.

Jenkins, Assam.

Junghuhn, Sumatra.

Kotschy, Sennar, East tropical Africa.

Krauss, South Aftica and Natal.

Lindheimer, Texas.

M'Ken, Natal and Madagascar.

Mac Owan, Cape of Good Hope.

Maingay, Malay Peninsula.

Mann, Guinea.

March, Jamaica.

Miers, Brazil.

Motley, Borneo.

Niven, Cape of Good Hope.

Oldham, Japan and Formosa

Pancher, New Caledonia.

Pervilld, Madagascar and Seychelles.

Plde, Martinique.

Poeppig, Brazil, &c.

Pohl, Brazil.

Regnell, Brazil.



40 Mr HIERN, on EBENACE^.

Rem}', Sandwich Islands.

Richard, Madagascar and Bourbon.

Ritchie, East India.

Rugel, Cuba.

Sagot, Cayenne.

Saint Hilaire, Brazil.

Sanderson, Cape of Good Hope and Natal.

Schimper, Abyssinia.

Schhm, New Granada.

Schomburgk, Siam and Guiana.

Schott, Brazil.

Schweinl'urth, Gallabat, East tropical Africa.

Seemann, Fiji Islands and China.

Sello, Brazil.

Sieber, Cape of Good Hope and Mauritius.

Spruce, Brazil.

Thwaites, Ceylon.

Trecul, Texas.

Triana, New Granada.

Vieillard, New Caledonia.

"Wallich, East India.

Wawra, Mexico.

Weddell, Brazil.

Welwitsch, Angola.

Wight, East India.

Wilford, China, &c.

Wright, China, Japan, Cape of Good Hope,

Cuba, &c.

Xantus, Lower California.

Zeyher, Cape of Good Hope.

Zollinger, Java.

No.
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Thwaites. Enumeration of

{The pages refer

No. 382. Diospyros hirsuta, Linn. fil. p. LSI.

477. Maba buxifolia, Pers. p. 183.

1815. Diospyros ovalifolia, Wight, p. 181.

1816. Diospyros ovalifolia, Wight, pp.

459, 181.

1908. Diospyros Gardneri, Thw. p. 181.

1909. Diospyros cordifolia, Roxb. p. 178.

1910. Diospyros Embryopteris, Thw. 7.

nervosa, p. 178.

1911. Diospyros Toposia, Ham. p. 179.

1912. Diospyros Ebenum, Retz. p. 180.

1913. Diospyros Ebenum, Retz. p. 180.

1914. Diospyros oocarpa, Thw. p. 180.

1915. Diospyros Embryopteris,Pers.p.l78.

1916. Maba buxifolia, Pers. /3. micro-

phylla. p. 183.

1917. Maba buxifolia, Pers. S. angustifo-

Ha. p. 183.

2437. Diospyros Ebenum, Retz. p. 180.

2438. Diospyros crumenata, Thw. p. 179.

2439. Diospyros Ebenum, Retz. p. 180.

2514. Diospyros Toposia, Ham. pp. 462,

179.

Ceylon plants, 1858—1864.

to Dr Thwaites'' book.)

No. 2533. Diospyros ovalifolia, Wight, p. 181.

2729. Diospyros sylvatica, Roxb. p. 178.

2730. Diospyros insignis, Thw. p. 180.

2731. Diospyros Embryopteris, Pers. /3.

atrata. p. 178.

Diospyros Moonii, Thw. p. 182.

DiospjTos pruriens, Dalz. p. 423.

Diospyros affinis, Thw. p. 179.

Diospyros qu«sita, Thw. p. 180.

Diospyros oppositifolia.Thw. p. 181.

Diospyros CandoUeana, Wight, p.

181.

Maba buxifolia, Pers. 7. Ebenus.

p. 183.

Macreightia oblongifolia, Thw. p.

183.

3476. Diospyros acuta, Thw. p. 182.

3477. DiospjTos insignis, Thw. p. 180.

Diosp}Tos attenuata, Thw. p. 182.

Macreightia ovalifolia, Thw. p. 424.

Macreightia acuminata, Thw. p.

424.

Diosjjyi'os montana, Roxb. p. 423.

2833.

2836.

2924.

3010.

3011.

3394.

3395.

3396.

3478.

3717.

3718.

3774.

1862—3. Kew Distribution. Hb. Griffith a^h) Helper. East Indies.

No. 423. Diospyi-os flavicans. No. 3629.

454. Diospyros flavicans. 3630

3616. Diospyros Lotus, L. 3631

3617. Diospyi-os chloroxylon, Roxb. 3632

3618. Maba mergueusis, H. 3633

3619. Diospyros undulata, Wall.

3621. Dio.spyros Ebenum, Konig. 3634.

3622. Diospyros Toposia, Hamilt. 3635.

3623. Diospyros flavicans. 3636.

3624. Diospyi-os stricta, Roxb. 3637.

3625. Diospyros argentea, Grifl". 3638.

3626. Diospyros Embryopteris, Pers. 3639.

3626 (1). Diospyros melanoxylon, Roxb. 3640.

3627. Diospyros Embryopteris, Pers. 3641.

3627 (1). Diospyros cordifolia, Roxb. 3643

3628. Diospyros nigricans. Wall.

Vol. XII. Part I.

(?) Diospyros undulata. Wall.

Diospyros melanoxylon, Roxb.

Diospyros lanceajfolia, Roxb.

.(?)Diospyros hirsuta, Linn. fil.

Diospyros Kaki, Linn. fil. Bootaii

(cult.).

Diospyi-os lancesefolia, Roxb.

Diospyros Ebenum, Konig, var.

Diospyros undulata. Wall.

Diospyros hirsuta, Linn. fil.

Diospyros octandra.

Diospyros flavicans.

(?) Diospyros flavicans.

Maba buxifolia, Pers. var.

Diospyros vaccinioidcs, Lindl.
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1866—7. Kew Distribution. Hb. Wight. East Indies.

2\o. 1711 bis. Diaspyros Embryopteris, Pers. Ceylon. March, lS3(j.

1712. Diospyros chloroxylon, Roxb.

1713. DiospyTOS montana, Roxb. Courtallum. April, 1835.

171-i. Diospyros Ebenum, Konig. Malacca.

1715. DiospjTos hiisuta, Linn. fil. Dec. 1835.

1716. Diospyros auriculata, Wight.

1717. DiospjTOs montana, Roxb. 1835.

1718. Diospyros obovata, Wight (excluded).

1719. Diospyros chloroxylon, Roxb.

1720. Diospyros ovalifolia, Wight. Madras. 1836, 1845.

1721. Diospyros melanoxylon, Roxb.

1722. Diospyros orixensis, Wight.

1723. Diospyros melanoxylon, Roxb. Calicut. 1846.

1724. Diospyros montana, Roxb. 1849.

1725. Diospyros melanoxylon, Roxb.

1726. Diospyros montana, Roxb. 1835.

1727. Diospyros melanoxylon, Roxb. Subbulpore.

1728. Diospyros hirsute, Linn. fil. Mangalore. March, 1852.

1729. Maba buxifolia, Pers.

1730. Maba buxifolia, Pers. B.

1731. Maba buxifolia, Pers. S. Courtallum and Coonmore. 1846.

Dr Maingat's Malay plants.

966. Diospyros buxifolia. Malacca.

967. Diospyros oblonga, Wall. Singapore.

968. Diospyi-os argentea, Grifif. Malacca.

9C9. Diospyros hirsuta, Linn. fil. var. Malacai.

970. Diospyros sp.

970 (2). Diospyros discolor, Willd. Pulo Ticus.

971. Diospyros Ebenum, Konig, var. Malacca.

972. Diospyros flavicans. Malacca.

973. Diospyros hirsuta, Linn. fil. Malacca.

974. Diospyros undulata, Wall. Malacca.

975. Diospyros Ebenaster, Retz. Malacca (cult.).

976. Maba Maingayi. Malacca.

977. Diospyros undulata. Wall. Malacca.

978. Diospyros sp.

979. Maba buxifolia, Pers. Malacca.

1514. Dio.spyros apiculata. Penang.
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HOHENACKER.

No. 389. Canara, India. 1849. Maba nigrescens, Dalz.

591. Canara, India. 1847 (or 1849). Diospyros hirsuta, Linn. til.

869. Canara, India. 1851. Diospyros Enibryopteris, Pers.

Ritchie.

No. 85. MooUis, India. 1853. Maba nigrescens, Dalz.

96. Ram Ghaut and Phoondu Ghaut, India. 1850—3. Diospyros hirsuta, Linn. fil.

970. India. 1853. Dio.spyros montana, Roxb.

972. India. 1853. Diospyros montana, Roxb.

1108. Belgaum, India. Diospyros melanoxylon, Roxb.

1240. India. 1853. Diospyros montana, Roxb.

1831. India. Diospyros Embryopteris, Pers.

1833. Bombay. Diospyros pruriens, Dalz.

1884. Canara, India. 1853. Diospyros paniculata, Dalz.

Jenkins.

277. Upper Assam. Diospyros Embryopteris, Pers.

Assam. (See under Diospyros ZoUingeri.)

Irvine.

No. 141. Abbeokuta. Diospyros senensis, Kl.

KOTSCHY.

394. Sennar (183G—8). Diospyros mespiliformis, Hoehst.

470. Sennar (1836—8). Diospyros mespiliformis, Hoehst.

SCHWEINFURTH.

973. Gallabat. Diosp3Tos mespiliformis, Hoehst.

974. Gallabat. Diospyros mespiliformis, Hoehst.

Barter (1857—8).

No. 290. Niger. Diospyros senensis, Klotsch.

Diospyros mespiliformis, Hoehst.

Maba Mannii.

Diospyros mespiliformis, Hoehst.

Dio.spyros senensis, Kl.

DiospjTos senensis, Kl.

DiospjTos senensis, Kl.

Diospyros Barteri.

6—2

290.
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Burton. 1863.

Congo. Diospyros Loureiriana, G. Don.

Mann. 1861.

No. 839. Bagroo river, West Tropical Africa. Maba Manuii.

924. Gaboon river, West Tropical Africa. Diospyros Mannii.

Heudelot. 1835—7.

638. Senegambia. Diospyros Hendelotii.

Senegambia. Diospyros senegaleusis, Perrott.

Beccari.

55. Keren. Upper Nubia or Abyssinia. 1870. Maba abyssinica.

Sect, i

11.

ii.

ii.

ii.

No. 159. Abyssinia.

655. Abyssinia.

1078. Abyssinia.

1243. Abyssinia.

1527. Abyssinia.

1919. Abyssinia.

913. Abyssinia.

1080. Abyssinia.

1334. Abyssinia.

80. Abyssinia.

SCHIMPER.

1837. Euclea Kellau, Hochst.

1840. Diospyros mespiliformis, Hochst.

1838. Euclea Kellau, Hochst.

1838. Diospyros mespiliformis, Hochst.

Euclea Kellau, Hochst.

1842. Euclea Kellau, Hochst.

1852. Euclea Kellau, Hochst.

Maba abyssinica.

1854. Maba abyssinica.

1862. Euclea Kellau, Hochst.

Gerard and M'Ken.

No. 12. Natal. Royena cordata, E. Mey.

28. Madagascar. Maba buxifolia, Pers. var.

30. Natal. Royena villosa, L.

33. Euclea lanceolata, E. Mey.

92. Natal. Euclea multiflora.

99. Natal. Royena cordata, E. Mey.

110. Natal. Maba natalensis, Harv.

129. Natal. Royena pallens, Thunb.

190. ? Cfr. Diospyros to.xicaria.

528. Natal. Euclea lanceolata, E. Mey.

613. Natal. Royena villosa, L.

614. Natal. Royena villosa, L.

615. Natal. Royena pallens, Thunb.

673. Natal. Euclea macrophylla, E. Mey.

675. Natal. Maba natalensis, Harv.

699. Natal. Euclea multiflora.
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No. 1155. Natal. Euclea lanceolata, E. Mey.

1156. Natal. Euclea lanceolata, E. Mey.

1157. Natal. Royena pallens, Thunb.

1158. Natal. Royena nitens, Harv.

1238. Natal. Royena pallens, Thunb.

1506. Natal. Euclea daphnoides.

1604. Tugela. Cfr. Euclea macrophylla, E. Mey.

1605. Tugela. Euclea lanceolata, E. Mey.

1607. Tugela. Royena pallens, Thunb.

1608. Tugela. Royena cordata, E. Mey.

1609. Tugela. Royena scabrida, Harv.

1610. Tugela. Royena pallens, Thunb.

1611. Tugela. Royena pallens, Thunb.

2013. Natal. Royena villosa, L.

2015. Zulu-land. Royena parviflora.

No. 1. Cape of Good

35. Cape of Good

44. Cape of Good

186. Cape of Good

212. Cape of Good

272. Cape of Good

306. Cape of Good

408. Cape of Good

418. Cape of Good

1062. Cape of Good

1157. Natal. 1862.

1238. Natal. 1862.

1253. Natal. 1862.

Cape of Good

Royena villosa, L.

Royena cordata, E. Mey.

Cooper.

Hope. 1860. British Kaffraria.

Hope. 1860. British Kaffraria.

Hope. 1860. Euclea multiflora.

Hope. 1860. British Kaffraria. Royena cordata, E. Mey.

Hope. 1860. Queenstown. Royena hirsuta, L.

Hope. 1860. Queenstown. Royena pallens, Thunb.

Hope. 1860. British Kafixaria. Royena cordata, E. Mey.

Hope. 1863. Eastern Frontier. Euclea undulata, Thunb.

Hope. 1860. Queenstown. Royena pallens, Thunb.

Hope. 1862. Orange Free State. Royena lucida, L.

Royena pallens, Thunb.

Royena pallens, Thunb.

Euclea multiflora.

Hope. 1862. Royena lucida, L.

Mac Owan.

569. Cape

309. Cape

429. Cape

516. Cape

527. Cape

902. Cape

1646. Cape

Cape

Cape

of Good

of Good

of Good

of Good

of Good

of Good

of Good

of Good

of Good

Hope.

Hope.

Hope.

Hope.

Hope.

Hope.

Hope.

Hope.

Hope.

Comm. 1867.

Comm. 1865.

Comm. 1867.

Comm. 1867.

Comm. 1870.

Comm. 1865.

Royena

Royena

Royena

Royena

Royena

Euclea

Royena

Euclea

Euclea

hirsuta, L.

lucida, L.

cordata, E. Mey.

villosa, L.

cordata, E. Mey.

lanceolata, E. Mey.

pallens, Thunb.

undulata, Thunb.

multiflora.
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NrvEN- (179S—1803).

No. 46. Cape of Good Hope. Euclea pseudebenus, E. Mey.

47. Cape of Good Hope. Euclea polyandra, E. Mey.

48. Cape of Good Hope. Royena glabra, L.

51. Cape of Good Hope. Royena pallens, Thunb.

53. Cape of Good Hope. Euclea polyandra, E. Mey.

SlEBEK.

94. Cape of Good Hope. 1824. Royena glabra, L.

Suppl. 29. Mauritius. Diospyros discolor, Willd.

Athekstone.

2. Namaqualand. S. Africa. Euclea pseudebenus, E. Mey.

461. Cape of Good Hope. Euclea macrophylla, E. Mey.

Hakvet.

544. Cape of Good Hope. Royena pallens, Thunb.

574. Cape of Good Hope. Euclea racemosa, L.

575. Cape of Good Hope. Euclea lanceolata, E. Mey.

690. Cape of Good Hope. Euclea lanceolata, E. Mey.

Friendly Islands. 1855. Diospyros samoensis, A. Gr.

New Soutb Wales. Diospyros australis.

(

Forbes (1822—3).

34. Delagoa Bay. Diospyros rotundifolia.

56. Delagoa Bay. Euclea divinorum.

Bolus.

638. Graaf Reinet. Euclea coriacea, Alph. DC.

Zeyher (1840— ).

767. Cape of Good Hope. Euclea multiflora.

778. Cape of Good Hope. Euclea multitlora.

3348. Cape of Good Hope. Royena pallens, Th.

3349. Cape of Good Hope. Royena glabra, L.

3350. Cape of Good Hope. Royena birsuta, L.

3351. Cape of Good Hope. Royena hirsuta, L.

3352. Cape of Good Hope. Royena lucida, L.

3353. Cape of Good Hope. Royena pallens, Tli.

3354. Capo of Good Hope. Royena pallens, Th.

3355. Cape of Good Hope. Euclea lanceolata.
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No. 3356. Cape of Good Hope. Euclea racemosa, L.

3357. Cape of Good Hope. Euclea lanceolata, E. Mey.

3358. Cape of Good Hope. Euclea undulata, Tli.

3359. Cape of Good Hope. Cfr. Euclea lanceolata. Leaves wide.

33G0. Cape of Good Hope. Euclea polyandra, E. Mey. or E. sp.

3361. Cape of Good Hope. Euclea multiflora.

3362. Cape of Good Hope. Euclea polyandra, E. Mey.

3363. Cape of Good Hope. Euclea polyandra, E. Mey.

3364. Cape of Good Hope. Euclea polyandra, E. Mey.

ECKLON AND ZeTHER.

1123. Cape of Good Hope. Euclea lanceolata, E. Mey.

1124. Cape of Good Hope. Cfr. Euclea undulata, Thunb.

1125. Cape of Good Hope. Euclea linearis, Zeyh.

1126. Cape of Good Hope. Royena ambigua, Vent.

1127. Cape of Good Hope. Royena paUens, Th.

Drege (1826—34).

9140. Cape of Good Hope. Euclea coriacea, Alpli. DC.

Sanderson.

140. Cape of Good Hope. 1860. Royena pallens, Thunb.

150 Natal. Royena villosa, L.

318. Cape of Good Hope. I860. Royena pallens, Thunb.

511. Cape of Good Hope. 1860. Royena pallens, Thunb.

527. Natal. 1S60. Royena paUens, Thunb.

613. Natal. 1864. Royena villosa, L.

715. Natal. Royena villosa, L.

717. Natal. Royena pallens, Thunb.

o

Krauss (1838—40).

226. Natal. Royena villosa, L.

423. S. Africa. Royena pallens, Thunb.

472. Natal. Royena villosa, L.

482. Natal. Royena villosa, L.

1719. S. Africa. Royena hirsuta, L.

1721. S. Africa. Royena pallens, Thunb.

S. Africa. Royena glabra, L.
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Dr Welwitsch, Angola, 1853—1860.

No. 1247. Pungo Andongo. Cfr. Euclea lanceolata, E. Mey.

1255. Huilla. Cfr. Royena pallens, Thunb.

1257. Huilla. Euclea mult-flora.

1258. Huilla. Euclea multiflora.

2527. Congo. Maba busifolia, Pers. 7. Ebenus, Thw.

2528. Congo. Diospyros mespiliformis, Hochst.

2529. Golungo Alto. Diospyros mespiliformis, Hochst.

2530. Bumbo. Diospyros mespiliformis, Hochst.

2531. Pungo Andongo. Diospyros (?) platj'phylla, Welw.

2532. Pungo Andongo. Royena cistoides, Welw.

2533. Huilla. Royena pallens, Thunb.

2534. Huilla Royena pallens, Thuub.

2535. Golungo Alto. Diospyros LoureLriana, Don.

2536. I. St Thome. Ebenacea (?).

2537. Golungo Alto. Diospyros Dendo, Welw.

2538. Golungo Alto. Diospyros Dendo, Welw.

2539. Golungo Alto. Maba Mualala, Welw.

2540. Golungo Alto. Maba Mualala, Welw.

2541. Golungo Alto. Maba Mualala, Welw.

2542. Loanda. Maba Mualala, Welw.

2543. Mos.samedes. Euclea pseudebenus, E. Mey.

2544. Mossamedes. Euclea pseudebenu.s, E. Mey.

2545. Benguela. Euclea lanceolata, E. Mey. a.

2546. Mossamedes. Euclea lanceolata, E. Mey. a.

2547. Mossamedes. Euclea lanceolata, E. Mey. a.

2548. Bumbo and Golungo Alto. Euclea lanceolata, E. Mey. a.

2549. MumpuUa, Huilla. Euclea lanceolata, E. Mey. a.

2550. Miinipulla, Huilla. Euclea lanceolata, E. Mey. /8.

2551. Huilla. Euclea lanceolata, E. Mey. /S.

2552. Huilla. Euclea lanceolata, E. Mey. ^.

2553. Huilla. Cfr. Euclea lanceolata, E. Mey.

2555. Huilla. Euclea multiflora.

2557 Huilla. Euclea multiflora.

BUUCHELL. ENU.MKRATION OF SoUTH AFRICAN PLANTS, DeC. 5, 1810 TO MaRCH 30, 1815.

No. 2. Royena glabra, L. No. 1696. Royena birsuta, L. (R. microphyl-

397. Eudoa racemosa, Thunb. la, Burch.)

745—1. Royena pallens, Th. (cult.) 1706. Euclea ovata, Burch.

807. Euclea racemosa, L. 1750. Royena pallens, Th. (R. decidua,

808. Royena glabra, L. Burch.)

987. ?Euulca tomuutosa, E. Mey. 1792. Euclea uudulata, Th.
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Euclea daphnoides.

Royena pallens, Th.

Royena villosa, L.

? Euclea polyandra, E. Mey.

Euclea multiflora.

? Euclea polyandra, E. Mey.

Euclea lanceolata, E. Mey.

Royena hirsuta, L.

Eoyena cordata, E. Mey. (R. .su-

pracordata, Burch. ms.)

Euclea daphnoides.

Euclea lanceolata, E. Mey.

? Euclea polyandra, E. Mey.

Royena glabra, L.

Royena lucida, L.

Royena glabra, L.

Royena lucida, L.

Royena pallens, Th.

Royena pallens, Th.

Royena paUens, Th.

Euclea lanceolata, E. iley.

Royena glabra, L.

? Royena villosa, L. (Royena scan-

dens? Burch. ms.)

Eoyena paUens, Th.

Royena glabra, L.

Royena paUens, Th.

Euclea polyandra, E. Mey.

Royena glabra, L.

Euclea undulata, Th.

Royena glabra, L.

Royena glabra, L.

Royena hirsuta, L.

Royena hirsuta, L.

Royena hirsuta, L.

Euclea racemosa, L.

BtTRCHELL. Enumeration of Brazilian Plants, April 10, 1828—Dec. 30, 1829.

No. 2162.
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Pervilli^ (1837—41).

No. 6. Madagascar. Tetraclis clusiaefolia.

36. Seychelles. 1841. Maba Seychellamm.

275. Nossibe, Madagascar, 1841. Diospyros gracilipes.

439. Nossibe, Madagascar. Diospyros haplostylis, Boiv.

505. Nossibe, Madagascar. Diospyros haplostylis, Boiv.

525. Nossibe, Madagascar. 1841. Diospyros Pervillei.

640. Seychelles and Ambongo. 1841. Diospyros platycalyx.

700. Nossibe, Madagascar. 1841. Maba buxifolia, Pers.

Madajfascar. 1841. Maba diffusa.

Bernier, 1834—5.

112. Madagascar. 1834. Maba buxifolia, Pers. var.

113. Madagascar. Diospyros Bemieri.

Richard (about 1837).

36. Madagascar. Diospyros calophylla.

388. Madagascar. Tetraclis clusiaefolia.

Bourbon. Diospyros melanida ? Poir.

Chapelier.

82. Madagascar. Diospyros gracilipes.

Madagascar. Diospyros leucomelas, Poir.

Madagascar. Diospyros squamosa, Boj.

Xantus.

68. Lower California. Maba intricata.

Haenke (1790—1817).

47. Mexico. Maba albens.

Wawra.

168. Mexico. Maba albens.

226. Mexico. Cfr. Diospyros velutina.

249. Mexico. Cfr. Diospyros Ebcnaster, Retz.

1029. Mexico. Diospyros Ebenaster, Retz.

Bonpland (1799—1803).

3846. Guayaquil. Maba inconstans, Griseb.

3984. Mexico. Cfr. Diospyros Ebenaster, Retz.

Mexico. 1803. Maba acapulcensis.
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POHL (about 1817).

No. 45.5. Brazil. Diospyros coccolobcefolia, Mart.

1980. Brazil. Maba iuconstans, Griseb.

4.568 (Schott). Brazil. Diospyros brasiliensis, Mart.

Sello (1819).

1211. Brazil. Maba inconstans, Griseb.

1689. Brazil. Maba inconstans, Griseb.

2301. Brazil. Maba inconstans, Griseb.

Brazil. Maba caprccefolia, Mart.

Schott, 1817. Cfr. Pohl.

BOTTEEI.

909. Mexico. 1855. Diospyros brasiliensis. Mart.

Galleotti.

4609. Mexico. (1835—40). Diospyros brasiliensis. Mart.

Weddell.

577. Brazil. Diospyros Weddellii.

Brazil. (1843—4). Maba inconstans, Griseb.

Kegnell.

iii. 1516. Brazil (before 1843). Maba inconstans, Griseb.

Claussen (about 1812).

67. Brazil. Diospyros sericea, Alpli. DC.

147. Brazil. Cfr. Diospyros velutina.

464. Brazil. Diospyros sericea, Alph. DC. ex Mart.

478. Brazil. Diospyros hispida, Aljih. DC.

1062. Brazil. Diospyros sericea, Alpb. DC.

1063. Brazil. Cfr. Diospyros velutina.

Berlandier, 1827—30.

3030. Mexico. Diospyros texaua, Scheele.

Trecul.

1249. Texas. Diospyros texana, Scheele.

7—2
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Drtimmoxd (1825—35).

No. 204 bis. N. America. Diospyros virginiana, L.

ii. 201. Texas. Diospyros tesana, Scheele.

iii. 329. Texas. Diospyros texana, Scheele.

LlXDHEIMER (1843— ).

iii. 451. Texas. Diospyros texana, Scheele.

iii. 452. Texas. Diospyros texana, Scheele.

iiL 453. Texas. Diospyros texana, Scheele.

RUGEL.

662. Cuba. Maba caribfea.

Ple'e (1820—7).

762. Martinique. Maba inconstans, Griseb.

Wright.

64. Hong Kong. Diospyros eriantha, Champ.

189. Loo Choo I. Cfr. Diospyros Lotus, L. and Diospyros maritima, Blum.

312. Hong Kong. Diospyros vaccinioides, Lindl.

313. Hong Kong. Diospyros Morrisiana, Hance.

348. Japan. Diospyros Kaki, L. f. Cuba. D. tetrasperma, Sw.

423. New Mexico. Diospyros texana, Scheele.

1331. Cuba. Maba caribaea.

2936. Cuba. Diospyros halesioides, Griseb.

2937. Cuba. Diospyros halesioides, Griseb.

2938. Cuba. Maba Grisebachii.

Cape of Good Hope. Euclea racemosa, L.

Spruce. 1851—56.

1516. Brazil. 1851. Diospyros Paralea, Steud.

1528. Brazil. 1851. Diospyros polyandra, Spr.

1913. Brazil. 1851. Diospyros emarginata.

1938. Brazil. 1851. Diospyros Poppigiaua, Alph. DC.

2542. Brazil. 1852. Maba myristicoides.

2635. Brazil. 1852. Diospyros Poppigiana, Alph. DC.

2701. Brazil. 1852. Diospyros glomerata, Spr.

3138. Columbia. 1853. Diospyros Sprucei.

3159. Brazil. 1853. Diospyios Paralea, Steud.

3166. Brazil. 1853. Diospyros polyandra, Spr.

4411. Peru. 1855—6. Diospyros peruviamu
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Gardner.

No. 1412. Brazil. 1838. Diospjros gaultherisefolia, Mart.

1511. Brazil. 1838. Diospyros coccolobfefolia, Mart

1512. Brazil. 1838. Diospyros velutina.

2284. Brazil. 1839. Diospyros velutina.

2813. Brazil. 1839. Diospyros ovalis.

531. Ceylon. Diospyros Embryopteris, Pers.

532. Ceylon. Diospyros Gardneri, Thw.

533. Ceylon. Diospyros Toposia, Ham.

Mauritius. Diospyros nodosa, Poir. ttar.

Mauritius. Diospyros cLrysophyllos, Poir.

Sagot.

1253. Cayenne. 1859. Diospyros Paralea, Steud.

SCHOMBURGK.

115. Siara. Diospyros Embryopteris, Pers.

1492. British Guiana (1864). Diosp3rros Paralea, Steud.

HOSTMANN.

547. Surinam (1843). Diospyros Paralea, Steud.

March.

1190. Jamaica. 1858. Diospyros tetrasperma, Sw.

POEPPIG (1827—82).

2266. Maynas. Diospyros artantbsefolia, Mart.

2639. Brazil. Diospyros Poppigiana, Alph. DC.

Blanchet (before 1844).

1886. Brazil. DiospjTos gaultheripefolia, Mart.

3358. Brazil. Diospyros sericea, Alph. DC. ex Mart

ScHLiM (1846—52).

698. New Granada. Diospyros peruviana.

Triana.

2612. New Granada. Diospyros velutina.

2613. New Granada. Maba inconstans, Griseb.
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GOTJDOT.

No. 1. S. Martha. Maba inconstans, Griseb.

3. New Granada. Diospyros Goudotii.

Madagascar. Diospyros leucocalyx.

Glaziou.

1.560. Rio de Janeiro. Diospyros discolor, "Willd. var.

1561. Rio de Janeiro. Diospyros discolor, Willd. var.

St Hilaire.

375. Brazil (1816—22). Maba Hilairei.

MiERS (1831—8).

3709. Brazil Cfr. Diospyros velutina.

Oldham.

299. Formosa. 1864 Diospyros Kaki, L. f. var.

528. Japan. 1862. DiospjTos Kaki, L. f.

529. Japan. 1862. Diospyros japonica, Sieb. et Zucc.

WlLFORD.

423. China. 1858. Diospyros vaccinioides, Lindl.

756. Tsu-Siraa I., Str. Corea. Diospyros Kaki, L. f.

Tsu-Sima I., Str. Corea. DiospjTos Lotus, L.

A. CuXNINGHAil.

157. N. S. Wales. 1818. Diospyi-os australis.

284. Australia. 1818. Diospyios corditblia, Roxb.

306. Rodds Bay, Australia. 1810. Maba geminata, R. Br.

Australia, Queensland. Diospyros hebecarpa, A. Cuuu.

Australia, Brisbane River. 1828. Diospyros pentamera.

HORSFIELD (Ebenacete). 1802—18.

Diospyros Horsficldii.

Diospyros Embryopteris, Pers.

Cfr. Diospyros aurea, Teijsm. et Binn.

Diospyros tnincata, Zoll et Mor.

Cfr. Diospyros maritima, Blume.

Cfr. Diospyros aurea, Teijsm. et Binn.

Diospyros Embryopteris, Pere.

Diospyros Embryopteris, Pers.

1.
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Motley.

No. 7. Borneo (Labuau). Diospyros borneensis.

205. Borneo (Labuan). Maba confertiflora.

721. Borneo (1857—8). Maba MotleyL

766. Borneo. Maba punctata.

Zollinger (1841— ).

1156. Java. Diospjrros truncata, Zoll. et Mor.

1516. Java. Diospyros frutescens, Blume.

1833. Java. Diospyros maritima, Blume.

2651. Java. Diospyros Zollinger!.

3247. Java^ Diospyros buxifolia.

3438. Java. Diospyros bu.xifolia.

3467. Java. Maba liermaphroditica, Zoll.

3565. Java. Diospyros Embryopteris, Pers.

Barber.

167. Borneo. Maba Motleyi.

JUNGHUHN (1835—6).

719. Sumatra. Maba sumatrana, Miq.

HiLLEBRAND.

273. Sandwich Islands. Maba sandwicensis, Alph. DC.

274. Sandwich Islands. Maba sandwicensis, Alph. DC.

Sandwich Islands. Maba Hillebrandii, Seem.

Remt.

470. (?)Sandwich Islands. Maba sandwicensis, Alph. DC.

472. Sandwich Islands. Maba Hillebrandii, Seem.

473. Sandwich Islands. Maba sandwicensis, Alph. DC.

Seemann.

295. Fiji Islands. 1860. ?Maba sandwicensis, Alph. DC.

2454. S. China. 1850. Diospyros vaccinioides, Lindl.

Deplanche (1866— ).

31. I. Lifu, Oceania. Diospyros Olen.

48. New Caledonia. Maba fasciculosa, F. Muell.

206. New Caledonia. Maba fasciculosa, F. Muell.



56



Me HIERN, on EBENACILE. . 57

Maba reticulata, R. Br. Prince of Wales Islands, &c. Nov. 2—4, 1802. Cumberland

Islands. Oct. 16, 17, 1802.

Maba compacta, R. Br. N. Coast Island. Feb. 18, 21, 1803.

CuraNG (1836—9).

No. 1142. Philippine Islands. 1841. Diospyros philippinensis, Alph. DC.
1496)

1 fiOr 1

^l^ilippins Islands. Diospyros pellucida.

1694. Philippine Islands. 1841. Maba Cumingiana, Alph. DC.

1829. Philippine Islands. 1841. Diospyros multiflora, Blanco, non Wall.

Description of the Family.

Ebenacile. Vent. Tabl. regn. veg. ii. p. 443 {excl. pier, gen.) ann. vii. (1799),

Juss. in Ann. Mus. v. p. 417 {part) (ann. xiii. 1804),

Br. Prodr. Fl. Nov. Holl. et Van Diem. p. 524 (1810),

Agardh, class, plant, p. 18 {j)art.) (1825),

Bartl. ord. nat. plant, p. 161 (1830),

Mart, conspect. regn. veg. p. 26 (1835),

Perleb, Clav. class, ord. et Fam. p. 24 (1838),

Endl. gen. plant, p. 741 (1836—40),

Alph. DC. Prodr. viii. p. 209 (1844),

Lindl. Veget. kingd. edit. iii. p. 595 (1853),

Griseb. Grundr. syst. bot. p. 141 (1854),

Agardh, Theor. syst. plant, p. 128 t. x. fig. 11—13 (1858),

Le Maout et Decaisne, Trait. Gen. bot. p. 222 (1868).

Vacciina, sect. iii. {part.) Adans. fam. pL ii. p. 165 (1763) ;

GuaiacancB, Juss. Gen. plant, p. 155 {excl. pier, gen) (1789)

;

Bicornes, Giseke, Prselect. p. 337 {part) (1792)

;

Diospyri {part), Trattinnick, gen. pi. meth. Nat. disp. p. 52 (1802) ;

Ebenacece, trib. i. Diospyreai, DC. et Dub. Bot. Gall. i. p. 320 (1828)

;

Sapotacew, c. Sapotew, bb. Mimusopece {paH), Reich. Pflauz. p. 38 (1834)

;

Ebenacece {part) et Styracece (part), Meisn. gen. i. p. 250, ii. p. 159 (1836—43);

Ehenece, Horan. Tetract. Nat. p. 27 (1843)

;

DiospyracecB, Voigt, Hort. Suburb. Calcutt. p. 343 (1845).

Ebenace^.

Chakactek Okdinis.

Flores scepius diced, rarius hermaphroditi vel polygami, dichlamydei, 3—7-nim.

Calyx inferior, synsepalus, persistens, in fnictu soipe plus mimis accretus.

Corolla sympetala, regularis, hypogyna, decidua; lobis in prcefloratione sinistrorse contor-

tis, rarissime valvatis.

Flos masculus: stamina 3—oo , distincta vel geminata vel ad hasim plus viinus con-

nata, corollce lobis altema vel altema atque opposita, imo corollcB itiserta vel hypogyna

Vol. XII. Part I. 8
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vel partim corolld imrtim toro insei-ta. Antherse bast affixes, liherw, biloculares, swpius

lineari-lanceolata et longitudinaliter dehiscentes ; cannectivo ajnce swpius producto. Pollen

spharicum vel ellipsoideum, Iceve. Ovarium scepius aboriivum vel nullum.

Flos femineus : staminodia —x , swpius effoeta, quam in mare scepius paticiora. Ova-

rium liberum, integrum, 2—IG- loculare ; loculis 1-, rarius 2- ovulatis. Ovnla ex ajjice angidi

interioris pendula, anatropa, niimero duplici stylorum vel styli loborum. Stigmata imrva vel

paulim dilatata, emarginata.

Fructus haccatus, abortu scepe paii/d-locidaris et tunc mono- vel oligo-spermus, camosus

vel coriaceus.

Semina pendula, albuminosa, n&rvis depressis a basi ad apicem 2 vel 3 percursa; testci

Iwvi, coriaced.

Albumen copiosum, cartilagineum, cequahile vel interdum ruminaium.

Embryo dicotyledonous, axilis vel paulo obliquus, semine dimidio vel dodrante circiter

hrevior, rectus vel leviter curvatus; radicidd superd, cylindricd; cotyledanibus foliaceis, ovatis

vel lanceolatis, radiculam svhaequantibus vel excedentibus.

Arbores vel frutices, ligno scepe denso gravi diiro et interdum in centro nigro, s7(cco non

lacteo, foliis alternis vel rarius suboppositis vel rarissime in tribus subverticillatis, simplicibus,

integerrimis, exstipulaceis, scejnus conaceis. Flores axillares vel laterales, cymosce vel solitarii,

aUn camei flavescentes vel virides nunqttam ccerulei.

Trees or slirubs, never herbs, varj'ing in height from a few inches to 100 feet or

more. Bark various, sometimes quite smooth as in several species of Eoyena and Euclea,

in other cases as in Diospyros virginiana deeply scored both longitudinally and transversely.

Wood hard, heavy and durable; in several species, namely in those which supply ebony,

very dark or black in the centre and paler towards the circumference. Sap limpid, not

milky. Leaves in most cases alternate, often distichous or with an angular divergence

of fths, rarely opposite or sub-opposite as in some species of Euclea and Diospyros, very

rarely verticillate in whorls of 3 as in a few species of Euclea; simple, quite entire,

rarely somewhat sinuous and in Euclea ovata minutely crenulate ; usually coriaceous and

opaque, less commonly membranous or pellucid-punctate ; in the majority of species elliptic

or oblong and often acuminate at apex; midrib usually depressed on the upper surface,

secondary veins pinnately arranged usually remote arching within the margin and anastomosing

;

tertiary veins obscure or manifest, often transverse to the midrib, or in various directions;

petioles usually short, rarely long or obsolete. Leaves evergreen or deciduous, in most

cases pubescent at least when young, often shining on the upper surface. The general

appearance of the foliage places the family in that tj^e of vegetation whicli Griscbach

names after the Bay-laurel. Inflorescence cymose, usually in the axils of the younger

leaves, sometimes with solitary flowers as in some species of the genus Diospyros in most

species of the genus lioyena and in the female plants of many other species of the

family ; or occasionally lateral on the older branches as in Maba cauliflora, Diospyros

caulifiora, Diospyros ramiflora and Diospyros Diepenhorstii ; in most species more or less

pubescent or tomentose and often feiTuginous. Bracts usually present, and in many cases

bracteoles also ; both of these organs are in most cases glabrous inside ; sometimes the

peduncle arises from a nest of imbricated bracts. Pedicels articulated at the apex to the
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flowers. Cymes in most cases few-flowered in both sexes, especially in the female sex in

which the flowers are usually fewer or solitary. In those cases in which the flowers are

solitary, the presence of bracts on the peduncles or at their base often indicates the

tendency to a more numerously flowered cyme. In the genus Euclea the cymes are often

racemose. In some species of Diospyros the short cymes are arranged close together towards

the extremities of the branches and not in the axils of fully developed leaves, so that

the inflorescence puts on the appearance of being terminal, as for example in Diospyros

discolor.

Flowers in the great majority of species dioecious, but with an occasional tendency to

a polygamous condition, and in the genus Royena chiefly hermaphrodite ; nearly always

regular, 3-7-merous but usually tetramerous or pentamerous, in the genus Royena generally

pentamerous, in Euclea never trimerous, and in Maha mostly trimerous ; fragrant or without

sceut.

In some cases that monstrous condition called piliyllomania, in which imbricated bracts

take the place and give the appearance of flower-buds, is met with, as for example in

Diospyros flavicans and D. Zollingeri; and D. platyp>hylla is at present known only in this

state. In other cases male flowers become double [jlore pleno) by conversion of stamens

into petaloid organs, as for instance in Maha lamponga.

Male flowers usually with a rudiment of an ovary which is hairy or glabrous in corre-

spondence with the hairy or glabrous ovary which is developed in the female plant of the

same species. Sometimes however in the male plant the ovary is completely obsolete and

the receptacle is the only representative of it.

Female flowers usually thicker than the male, and in most species furnished with sta-

minodes which however are commonly fewer in number than the stamens of the corre-

sponding male plant, or without staminodes as in the great majority of species of the genus

Euclea and in the section Ferreola of the genus Maha.

Caljnc synsepalous (gamosepalous), inferior, lobed to various depths or indistinctly lobed

or even in a few species of Diospyros and Maha truncate and entire, and in D. Toposia

closed in (male) bud and bursting irregularly as the flower opens, persistent, commonly

campanulate and not reflexed in the flower, often accrescent and either erect or spreading

or reflexed and sometimes plicate in the fruit, in a few species as in Diospyros Ehenuvi

with an internal elevated rim at the top of the tube in fruit and the lobes spreading or

reflexed. Rarely the calyx is irregular, the lobing being chiefly on one side, as in Maha

ovalifolia. Calyx usually greenish and when hairy usually clothed with a shorter indumen-

tum than that of the corolla; as exceptional cases it is whitened inside in Diosjryros gra-

cilipes, and violaceo-pruinose in the fruit of D. pruinosa. .^Estivation of calyx various, valvate

imbricated or contorted, and when contorted sinistrorsely so (as seen from inside).

Corolla sympetalous (gamopetalous), hypogynous, usually isomerous with the calyx,

lobed to various depths in diflerent species, usually exceeding the calyx and often greatly

so, h}'pocrateriform, tubular, campanulate, urceolate, globose or even rotate ; often hirsute

sericeous or otherwise pubescent, especially on the back of the lobes, but sometimes glabrous

outside, commonly glabrous inside, but in a few species hairy on both sides; subcoriaceous

or fleshy; deciduous or occasionally marcescent and detached at the top of the fruit or

8—2
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rarely in a fragmentary state at its base; white, flesh-coloured, greenish, or yellow, never

blue; lobes equal, obtuse or rounded or in some species acute, usually spreading or reflexed

in full flower, contorted sinistrorsely in sestivation as regarded from inside except Diospyros

oocarpa in which the aestivation is variously imbricated and except the new genus Tetraclis

in which the ajstivation is valvate.

Stamens in male flowers all fertile, hypogynous or more commonly inserted at or near

the base of the corolla-tube or by exception about the middle of the corolla in Biospyros

Dendo and some at the middle of the corolla in D. Ounalon ; often in two rows or com-

bined by their filaments in pairs or otherwise ; the inner ones usually shorter, or subequal

;

varying in number from 3 to about 100, the average or common number being 10 in

JRoyena, 16 in Euclea and Biospyros, 9 in 3Iaba and 30 in Tetraclis; when equal in number

to the lobes of the corolla alternating with them. Anthers usually lanceolate linear or oblong,

hairy or glabrous, erect, attached by their base, free, 2-celled, dehiscing at their sides by

longitudinal slits or rarely by apical pores
;
pollen globular or ellipsoidal, smooth ; connective

usually produced at the apex beyond the anthers, apiculate, often hairy; filaments usually

shorter than the anthers, glabrous or hairy, compressed or filiform. Staminodes in female

flowers without anthers or barren, often glabrous, sometimes absent.

Ovary in male flower abortive or absent ; in female flower free, sessile, subglobose ovoid

or conical (or " stipitato-constricted at base" in Biospyros JDiqienhorstii), not lobed, syncarpous,

without a disk, hairy or glabrous, 2-16-celled, usually 3- or G-celled in the genus Maba,

4-celled in Euclea, 4-, 6-, 8- or 10-celled in Royena, and 4-, 8- or 10-celled in Biospyros,

never with 5 or an odd number of cells except 3; cells 1-ovuled, or 2-ovuled in the section

Ferreola of Maba and in the section Cargillia of Biospyros; the septa however are some-

times incomplete, especially in the lower part, and the alternate ones, namely, those opposite

the styles or lobes of the style, are often thinner. Styles 1—5, distinct or connate at

the base ; stigmas often bifid at apex. Ovules pendulous from the inner side of the top

of the cell of the ovary, commonly twice as numerous as the styles or as the lobes of the

style, anatropal, oblong or ovoid ; raphe decurrent on the outer side to an inferior chalaza.

Fruit coriaceous or fleshy, tomentose pubescent glandular glabrate or glabrous, globular

ovoid oblong or conical (depressed in Biospyros apeibacarpos, compressed in B. dodecandra,

obconical in B. stricta), varying from ^ — 3 in. in diameter, usually small in the genus

Euclea, of moderate size in Boyena and Maba and rather large in Biospyros and Tetraclis;

in several species edible ; indehiscent or in a few species splitting in a valvate manner

from the apex ; with several or by abortion with few cells
;

pericarp coriaceous or in the

edible species thin and membranous.

Seeds 1—10, pendulous, usually solitary in the cells of the fruit, usually oblong and

laterally compressed or when sole globose, marked externally with 2 or 3 depressed longi-

tudinal lines ; hilo small ; testa smooth, thin or coriaceous ; albumen cartilaginous, abund-

ant, white, uniform or in some species ruminated by intrusion of the coriaceous testa or

obscurely striate in radiating lines in a few species; embryo axile or slightly oblique,

straight or somewhat curved especially in globular seeds, whitish, | - f ths of the length of

the .seed; cotyledons 2, equal, foiiaceous, with or without veins, contiguous, ovate or lan-

ceolate ; radicle superior, cylindrical, not thick, J - 1 rds of the length of the embryo.
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The family as here presented contains 5 Genera, namely,

Eoyeiui 13 species, Diospyros about 160 species,

Euclea 19 species, Tetraclis 1 species;

Maha 56 species,

in all about 250 species ; besides several fossil species that have been described as members

of the family.

EBENACE^

Key to the Genera.

Corolla ivith contorted aestivation.

Hermaphrodite or rarely sub-dicecious. Stamens in one row. I. Royena.

Dioecious or rarely polygamous. Stamens usually in 2 or more rows, often in pairs.

Calyx not accrescent. Staminodes usually absent from the ? flower.

Ovary 4- (or very rarely 2- or 6-) celled. Inflorescence usually

racemose, rarely panicled. II. Euclea.

Calyx often accrescent. Staminodes usually present in the ? flower,

except in the section Ferreola of MatsA. Ovary usually 3-, 6-, or

8-celled, occasionally 4- or 10-16-celled. Inflorescence cymose or

1-flowered, not racemose.

Ovary 3- or 6-ceUed. Flowers usually trimerous.

in. Mara.

Ovary 4- or 8-16-ceUed. Flowers rarely trimerous.

IV. Diospyros.

Corolla with valvate aestivation. V. Tetraclis.

The affinities of Ebenacke.

The following fanulies have the closest affinity to Ehenac&B.

Oladnece.

Points of approach

:

Calj-x often accrescent. Seeds usually pendulous ; albumen usually copious. Leaves

alternate or rarely opposite, simple, usually quite entire, exstipulate.

Points of departure:

Petals usually valvate in aestivation. Ovary usually 1-celled Stamens sometimes in

part sterile.
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Styracece.

Points of approach:

Corolla sympetalous, -with imbricated cestivation. Stamens definite or indefinite,

arisincr from the tube of the corolla, of unequal length. Ovary several-celled.

Leaves alternate, exstipulate, simple. Seeds albimiinous with axile embrj'o.

Points of departure:

Filaments usually longer than the anthers. Ovary usually quite or partially infe-

rior. Flowers hermaphrodite. Leaves often sen-ulate. 0\Tiles 2—x in each

cell of the ovary. Albumen fleshy.

AnonacecB.

Points of approach:

Flowers usually trimerous (as in Maba). Stamens often indefinite. Albumen copious,

ruminated (as in several Ehenacece). Leaves alternate, quite entire, exstipulate.

Pistil superior.

Points of departure:

Corolla apopetalous. Pistil usually apocarpous. Ovules erect. Embryo minute.

TemstrcBmiacecB.

Points of approach

:

Stamens w or equal to or double of the number of the parts of the corolla,

hypog-jmous or inserted at the base of the corolla. Ovary usually free. Leaves

alternate or very rarely opposite, usually simple and exstipulate.

Points of departure:

Corolla usually apopetalous. Flowers usually hermaphrodite. Stamens not in pairs.

Fruits frequently many-seeded.

Sapotaceoe.

Points of approach:

Corolla sympetalous, deciduous, imbricated in aestivation. Ovarj' fi-ee, usually hairy.

Ovules solitary. Leaves alternate or very rarely subverticillate, quite entire,

shortly petioled, exstipulate.

Points of departure:

Sterile stamens usually present ; fertile ones opposite the corolla-lobes. Testa of

the seeds bony or ciiistaceous, with a high polish, albumen wanting or fleshy

or oily. Radicle inferior. Flowers hermaphrodite. Sap milky. According to

Richard the suspension of the seed distinguishes Ehenacece from Sapotacece.

Ilicinece.

Points of approach:

Corolla sympetalous, imbricated in sestivation. Stamens inserted on the corolla.

Ovary superior ; ovules solitary, pendulous, anatropal. Albumen copious. Em-
bryo straight. Radicle superior. Leaves evergreen, silternate or opposite, cori-

aceous, simple, exstipulate. Flowers often unisexual.

Points of departure:

Filaments usually exceeding the anthers. Albumen fleshy. Embryo small. Stamens

equal in number to the parts of the flower.
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The following natural orders also bear some affinity to Ebenace^e, but in a less degree
than the previously mentioned ones:

Ericaceffi. Euphorbiacese.

Humiriaceas. Laurineae.

Tiliaceae. Myrsinese.

Bixinese. Convolvulaceae (Erycibeae).

Magnoliaceae. Celastrineifi.

Chailletiacese. Oleaceae.

The accompanpng plan is intended to set forth the affinities of Ebenaceae (see Plate I.).

Mr Miers in " Contributions to Botany," Vol. I. p. 24', makes some pertinent remarks on
the affinities of Ebenace^. He questions their close alliance with Styrace^, compares
them with Anonace^, and considers that they ought rather to be arranged among the

polypetalous groups. There is no doubt that many South American species point plainly

to such a position (though I have always found the corolla to be sympetalous, even if its

partitions are only slightly connate at the base); but if it be necessary to choose between

a poly|3etalous and a gamopetalous position, I certainly prefer the latter. Indeed, several

species have the corolla lobed only near the apex, and the affinity to Sapotacete (a gamo-

petalous family) is as close as to any other. Mr Miers seems to me to be quite right in

maintaining the affinity of the family to Olacine^.

Choisy, in his " Memoires des Ternstroemiaceaj," p. 9 (18-55) compares EBENACEiE with

Ternstroemiace^ and points out their proximity.

On the Genera of Ebenacke.

The diagnostic characters of the genera of this family are not well defined ; indeed

it has been proposed to unite all into one genus. Two genera are endemic in Africa,

namely Rotena and Euclea and are chiefly found at the Cape of Good Hope ; however

both genera enter Tropical Africa south of the Equator, and one species of EuCLEA occurs

in Abyssinia. One species each of Diosptros and IVIaba occur in South-east Africa south

of the Tropic.

Tetraclis has at present been detected only in the Island of Madagascar.

Rotena is mainly characterized by its hermaphrodite solitary peduncled and drooping

flowers with the stamens in one row and comparatively small leaves ; but the flowers

are not always hermaphrodite, and hermaphrodite flowers occasionally occur in other genera

especially in EucLEA and DiOSPYROS ; and the remaining characters occur in several

cases among the species of the other genera of the family, nor are they constant in the

genus Royena. The genus approaches the section Gunisanthus of DiOSPYROS, and D. Lou-

reiriana Don is closely allied to B. parviflora.

ErrCLEA approaches Royena on one hand and Diospyros on the other. The racemose

or cymose inflorescence and the dioecious flowers generally distinguish it from RoYENA

;

and its African habitat with small fruit and non-accrescent calyx help to separate it from

DiOSPYROS.

Maba in the majority of its species is remarkable for the trimerous symmetry of the

flower, and 3- or 6-ceUed ovary with 6 ovules. The flowers however are not always trime-
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rous, and the section Trichanthera of Maba approaches closely the section Bospidios of

DiOSPTROS. The geographical distribution of the two genera is nearly identical and co-

extensive. Maba however is more frequent in New Caledonia and other islands in the

South Pacific Ocean as well as in Australia, and one species {M. buxifolia, Pers.) seems

to have the widest range of any species of the family.

The best character to distinguish Maba is its 3- or 6-celled ovary, but some spe-

cies both of EucLEA and Diospyros occasionally, but not I think normally, possess this

peculiarity ; I have therefore made this the fundamental character of the genus, and feel

no doubt, notwithstanding certain cases of perplexing variability, that it is convenient

for the practical classification of the family to maintain the genus MabA. I have on the

other hand merged with it Alphonse De CandoUe's genus Macreightia, Dalzell's genus

Holochilus (the only species however of which I have not seen), and Hasskarl's genus

Rhipidostigma, none of which three genera by such incorporation weakens the main cha-

racters of Maba.

Diospyros being the largest genus, and indeed including the majority of the species

of the family, exhibits the greatest amount of variation, and possesses points of contact

with all the other genera. I have united with it the following genera, Cargillia R. Br.,

Leucoxylum Blum., Noltia Schum., Gunisanthus Alph. DC, and Bospidios Alph. DC, inas-

much as I faO. to find any good or even plausible ground for maintaining any separation

amongst them. Cargillia with two species {C. laxa and C. australis) was made a genus by

Robert Brown principally on account of having 2 ovules in each cell of a 4-celled ovary.

The former species often and so far as my observation goes always has an 8-celled ovary

with a solitary ovule in each cell, and it is identical with Diospyros maritima Blum. ; and

the second species {C. australis) has sometimes at least an imperfect septum, partially dividing

each cell of the 4-celled ovary.

Again in certain other species of Diospyros, the septa of the ovary when 8-celled are

alternately thinner, and are therefore difiicidt to discern ; so much so that Dr Solander in

his manuscript notes now in the British Museum described the immature fruit of D. chloro-

xylon as 4-celled with 2 seeds in each cell, although the ovary is really 8-celled.

In some cases in the lower part of the ovary the alternate septa are imperfect and do

not reach the axis, and therefore a transverse section across this portion would give a

4-celled ovary ; but in the middle part of the ovary the same septa are joined with the

axis, and a transverse section there would shew an 8-celled ovary.

Failing also to detect any peculiarity of habit to distinguish the genus Cargillia, I am
obliged notwithstanding the eminence and reputation of its inventor to treat it as a mere

section of Diospyros. For a similar reason I consider Macreightia to bo a section of

Maba.

The genus Rospidios was founded on the combination of a 3-celled ovary a-ssociatcd

with a tctramerous symmetry in the flower; but this observation was made on a cultivated

specimen, while the wild specimens since observed reveal an 8-cellcd ovary : the genus

therefore lapses into Diospyros; the name however I have retained for a section of the latter

genus.
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Several species of Diospyros are remarkable for ruminated albumen in the seeds, and

1 have employed this character for the purpose of separating such species as a section from

the remaining species of the genus. It must however be admitted that as the condition of

the albumen is unknown in many of the remaining species, it is quite possible and indeed

probable, that some of them will require when better known to be removed to this section.

In cases where the albumen has not been observed, I have, with the exception of

I). Kurzii which is evidentl}' very near to D. sylvatica Roxb. and of D. decandra Lour.,

considered for the purposes of classification the albumen to be equable.

The new genus which I call Tetraclis differs from the rest of the family by a strictly

valvate aestivation of the corolla instead of a contorted one. In other respects its characters

do not substantially differ from Diospyros. Mr Bentham's Brazilian genus Brachynema,
which he described as a doubtful member of this family, certainly differs remarkably from

it in habit, especially in respect of the foliage and fruit. The structure of the seed is

not clearly known, but seems to me not to agree with that of this family ; on the whole

it seems to shew an alliance with the family Ol.a.cine^e rather than with Ebenace^.

Again Zollinger's second genus Drebbelia from Java, which was described as Ebenaceous,

seems to me to have characters absolutely accordant with the family Olacine^, and indeed

may even belong to Olax itself. However, I have not seen a specimen and therefore

cannot speak with confidence about it.

There is in the Kew herbarium, collected by Mann (No. 1800), a specimen of a male

plant from Mount John river, West equatorial Africa, which probably belongs to a new genus

of Ebenacese ; but as the female plant is unknown to me I do not venture to publish it

with a new name. The characters are as follows

:

Flores diwci. Fhres masculi 1

—

S-ni, subsessiles, axillares. BractecB minutes. Calyx

inferior, 3

—

i-jidus, campanulatus, parvus. Corolla monopetala, gracillime tuhdosa, apice

;}

—

i-loha; lohis patentihus, in prwjloratione sinistrorse cuntortis. Sta77iina 2—3, receptaculo

inserta ; filamentis hrevihas hirsutis ; antheris linearihus, lateraliter bilocularibus, dorso

pubescentibus. Ovarii rudimentuni nullum. Flores feminei et fructus ignoti. Arbor parva,

foliis simplicibus integerrimis distichis obliquis subsessilibus firmiter sub-membranaceis exsti-

pulaceis. Species uuica, Africae occidentalis aequatorite incola.

Brief History of the specific Names.

At the time of the publication of the first edition of Linnaeus' "Species Plantarum,"

in 1753, only 5 Ebenaceous species were known, 3 belonging to Eoyena and 2 to Diospyros.

The first species of Euclea was published in the ISth edition of the "Systema" of Linnaeus

in 1774, and the first species of 2Iaba in 1776 by the two Forsters.

Loureiro in 1790 published several new species in his "Flora Cochinchinensis," but

most of them remain a puzzle to this day, as but few of his specimens have reached Euro-

pean botanists.

Several Indian species were described and figured by Roxburgh in the first volume of

his work on Coromandel plants published in 1795; Dr Koenig concurrently described some
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of them in the same work. In the " Encyclopj^dia Mt^thodique" Poiret jjublished many new

species in 180i, chiefly from Mauritius, and in the following year Willdenow described others

in his edition of the "Species Plantarum." In 1810 Broiun published his Australian Flora,

and in it several species of the genus Maba, the new genus Cargillia, &c.

In 1825-26 Blume published some Javan species of Diospyros and a new genus Leu-

coxylum.

From 1828 to 1832 Wallich circulated the chief part of his lithographed list with spe-

cimens of East Indian plants, and amongst them a large number of Ebenaceas chiefly be-

longing to the genus Diospyros.

In 1837 Blanco published his " Flora de Filipinas," which contained a few new names

of Ebenaceaj ; also in the same year G. Don, in the 4th volume of his " General System of

Gardening and Botany," described all the species of Ebeuaceas known to him, including a

revision of the family; and E. Meyer published his catalogue of the plants of South Africa

collected by Drege, containing the names of several new species of Royena and Euclea, but

without descriptions.

In \^4A Alphonse Z^e (7a»c?oZ?e monogi-aphed the family in the "Prodromus" and added

many nevy species and the three new genera Gitmsanthus, Rospidios, and Mucreightia. In

the following year Alexander Braun published the first fossil species of the family.

The most important subsequent contributions to the family contain some plates of

Dr Wight in 1850; fossil species by linger in 1850, 1851, 1866, 1867; some Indian species

by Dalzell in 1852 and 1861; Brazilian species by Martins and Miquel in 1856; Java and

Sumatra species hy Zollinger, Miquel, Teijsmann, Hasskarl, d-c; Ceylon species by i*'" Tkwaites

in 1860 and 1864; iossil species hy Bttitigshausen, Heer, Massalongo, dx.; Mozambique species

by Klotzsch in 1862; Australian species by Dr F.Mueller and Mr Bentham in 1864—1869;

and Indian species by Majo''' Beddome and Mr S. Kurz in 1871.

In the present paper between 80 and 90 new species are described and 1 new genus.

In the subjoined chronological list of specific names each name is given only on the

first occasion of its publication, even though the same name may have been subsequently

published for a different species.

Ehknace.e.

Clironological List of piMished specific Karnes, ivith references and localities.

A-D.

1753. Royena lucida, Linn. Spec. Plant, (vol. I.) p. 397. Cape of Good Hope.

1753. Royena glabra, Linn. Spec. Plant, (vol. i.) p. 397. Cape of Good Hope.

1753. Royena hirsuta, Linn. Spec. Plant, (vol. i.) p. 397. Cape of Good Hope.

1753. Diospyros Lotus, Linn. Spec. Plant, (vol. II.) p. 1057. Mediterranean region.

1753. Diospyros virginiana, Linn. Spec. Plant, (vol. ii.) p. 1057. N. America.

1703. Diospyros inconstans, Jacq. Amer. p. 276. t. 174. f. 67. S. America.

1767. Royena villosa, Linn. Syst. Nat. edit. Xii. vol. ii. p. 302. Cape of Good Hope.

1768. Royena scabra, Burm. Prodr. Fl. Cap. p. 13. Cape of Good Hope.

1771. Vaccinium pensylvanicum, Miller, Gard. Diet. edit. vi. Cfr. Alton, Hort. Kew. ed. ii.

vol. iir. p. 62 (1811).
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ITT-t. Euclea racemosa, Linn. Syst. Veg. edit. xiir. p. 747. Cape of Good Hope.

1775. Dactjlus trapezuntinus, Forskal, Fl. ^gypt.—Arab. p. xxxvi. Constantinople.

1775. Paralea guyanensis, Aubl. Plant. Guin. vol. I. p. 576. t. 231. Guiana, S. America

1776. Diospyros Ebenum, Koenig in Physiogr. Salsk. Handl. vol. i. p. 176. Ceylon.

1776. Maba elliptica, J. R. and G. Forst. Charact. Gen. PL p. 122. Friendly Islands.

1781. Roj-ena polyandra, Linn. fil. Supplem. p. 240. Cape of Good Hope.

1781. Diospyros Kaki, Linn. fil. Supplem. p. 439. China.

1781. Diospyros hirsuta, Linn. fil. Supplem. p. 440. E. Indies.

1783. Pisonia (?) buxifolia, Rottb. in Nye Saml. Kong. Danske Skrift. vol. II. p. 536. t. 4. f. 2.

Malabar.

1783. Diospyros glaberrima, Rottb. in Nye Saml. Kong. Danske Skrift. vol. ii. p. 540. tab. \

.

E. Indies.

1784. Euclea undiilata, Tbunb. Nov. Gen. PI. (v) p. 86. Cape of Good Hope.

1786. Maba major, G. Forst. PI. escul. insul. Ocean. Austr. n. 21. p. 54. Friendly Islands.

1788. Embryopteris peregrina, Gaertn. Fruct. vol. I. p. 145. t. 29. E. Indies.

1788. Diospyros tetrasjierma, Swartz Prodr. p. 62. W. India Islands.

1789. Cavauillea philippensis, Desrouss. in Encyl. Meth. vol. III. p. 663. Philippine Islands.

1789. Garciuia malabarica, Desrouss. in Encycl. Meth. vol. in. p. 701. E. Indies.

1789. Diospyros Ebenaster, Retz. Observ. Bot. fasc. v. p. 31. n. 88. E. Indies.

1790. Diospyros lobata, Loureiro, Fl. Cochinchin. p. 227. Cochinchina.

1790. Diospyros decandra, Loureiro, Fl. Cochiuch. p. 227. N. Cochinchina.

1790. Diospyros dodecandra, Loureiro, Fl. Cochinch. p. 228. Cochinchina.

1790. Ebenoxylum verum, Loureiro, Fl. Cochinch. p. 613. Cochinchina.

1790. Euclea pilosa, Loureiro, Fl. Cochinch. p. 629. Cochinchina.

1790. Euclea herbacea, Loureiro, Fl. Cochinch. p. 629. China.

1794. DiospjTos concolor, Moench. Meth. p. 470. N. America.

1794. Royena pallens, Thunb. Prodr. Plant. Capens., pars prior, p. 80. Cape of Good Hope.

1794. Ehretia ferrea, Willd. Phytogr. I. p. 4. t. 2. f. 2. Malabar.

1795. Ferreola buxifolia, Roxb. Coromand. vol. I. p. 35. t. 45. Cororaandel Coast.

1795. Diospyros melanoxylon, Roxb. Coromand. vol. I. p. 36. t. 46. Coromandel Coast.

1795. Diospyros montana, Roxb. Coromand. vol. I. p. 87. t. 48. Coromandel Coast.

1795. Diospyros sylvatica, Roxb. Coromand. vol. I. p. 38. t. 47. Coromandel Coast.

1795. Diospyros chloroxylon, Roxb. Coromand. vol. I. p. 38. t. 49. Coromandel Coast.

1795. Diospyros cordifolia, Roxb. Coromand. vol. I. p. 38. t. 50. Coromandel Coast.

1795. Embryopteris glutinifera, Roxb. Coromand. vol. I. p. 49. t. 70. Coromandel Coast.

1798. Diospp-os obovata, Jacq. Hort. Schcenbr. vol. III. p. 34. t. 312. St Domingo.

1798. Diospyros digyna, Jacq. Hort. Schcenbr. vol. III. p. 35. t. 313. I. Celebes.

1799. Royena angustifolia, Willd. Spec. Plant. Ii. p. 633. Cape of Good Hope.

1800. Euclea lancea, Thunb. Prodr. PI. Capens., pars posterior, p. 85. Cape of Good Hope.

1803. Diospyros glauca, Rottler in Gesellschaft Naturf. freunde zu Berlin. Neue Schriften.

vol. IV. p. 221. Madras.

1803. Diospyros ambigua. Vent. Malm. t. 17. Cape of Good Hope.

1803. Royena ambigua. Vent. Malm. n. 17. Cape of Good Hope.

9—2
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ISO-t. Diospyros tessellai'ia, Poir; in Encycl. Meth. vol. v. p. 430. Mauritius.

lfS04. Ebenus tes.sellaria, Comraers. ex Poir. in Encycl. M(5th. vol. v. p. 430. Mauritius.

1804. Diospyros melanida, Poir. in Encycl. Meth. vol. v. p. 431. Mauritius.

1804. Ebenus melanida, Commers. ex Poir. in Encycl. M^th. vol. v. p. 431. Mauritius.

1804. Diospyros leucomelas, Poir. in Encycl. Meth. vol. V. p. 432. Mauritius.

1804. Ebenus leucomelas, Commers. ex Poir. in Encyclop. M^th. vol. v. p. 432. Mauritius.

1804. Diospyros nodo.sa, Poir. in Encyclop. Mdth. vol. v. p. 432. Mauritius.

1804. Diospyros chrysophyllos, Poir. in Encyclop. Meth. vol. V. p. 433. Mauritius.

1804. Diospyros angulata, Poir. in Encyclop. Mt'th. vol. v. p. 434. Mauritius.

1804. Diospyros lanceolata, Poir. in Encyclop. M^th. vol. v. p. 434. Madagascar.

1804. Diospyros revoluta, Poir. in EncyclojD. Mdth. vol. v. p. 43-5. S. America,

1804. Diospyros tomentosa, Poir. in Encyclop. Meth. vol. v. p. 436. Tranquebar, E. Indies.

1804. Royena cuneata, Poir. in Encyclop. Meth. vol. vi. p. 322. Cape of Good Hope.

1805. DiospvTos lycioides, Desf. in Annal. Mus. vol. VI. p. 448. t. 62. f. 1. Cape of Gooil

Hope.

180.5. Diospyros Commersoni, Gaertn. fil. Carp. III. p. 136. t. 208. Madagascar.

1805. Diospyros rubra, Gaertn. fil. Carp. in. 138. Mauritius (?).

1805. Diospyros discolor, Willd. Spec. Plant, vol. iv. p. 1108. E. Indies.

1805. Diospyros reticulata, Willd. Spec. Plant, vol. iv. p. 1109. Mauritius;.

1805. Diospyros orixensis, Klein ex Willd. Spec. Plant, vol. IV. p. 1110. E. Indies.

1805. Diospyros salicifolia, Humb. and Bonpl. ex Willd. Spec. Plant, vol. iv. p. 1112. S.

America.

1805. Diospyros obtusifolia, Humb. and Bonpl. ex Willd. Spec. Plant, iv. p. 1112. Mexico.

1807. Diospyros Tupru, Buchan. Journ. vol. I. p. 183. E. Indies.

1807. Maba buxifolia, Pers. Synops. Plant, vol. II. p. 606. E. Indies.

1807. Diospyros Embryopteris, Pers. Synops. Plant, vol. ir. p. 024. K Indies.

1807. Diospyros pubescens, Pers. Synops. Plant, vol. II. p. 625. Cape of Good Hope.

1807. Dio.^pyros guiacana, Rob. Voyages, vol. III. p. 417. Louisiana and Florida.

1800—1809. Annona microcarpa, Jacq. Fragm. Bot. p. 40. t. 44. f. 7. Australia.

1809. Royena pubescens, Willd. Berol. p. 457. Cape of Good Hope.

1810. Diospyros rugosula, R. Br. Prodr. Fl. Nov. Holl. p. 526. Australia.

1810. Cargillia laxa, R. Br. Prodr. Fl. Nov. Holl. p. 526. n. 1. Australia.

1810. Cargillia au.stralis, R. Br. Prodr. Fl. Nov. Holl. p. 527. n. 2. Australia.

1810. Maba laurina, R. Br. Prodr. Fl. Nov. Holl. p. 527. n. 1. Australia.

1810. Maba obovata, R. Br. Prodr. Fl. Nov. Holl. p. 527. n. 2. Australia.

1810. Maba huniilis, R. Br. Prodr. Fl. Nov. Holl. p. 527. n. 3.

1810. Maba geminata, R. Br. Prodr. Fl. Nov. Holl. p. 527. n. 4. Australia.

1810. Maba littorea, R. Br. Prodr. Fl. Nov. Holl. p. 527. u. 5. Australia

1810. Maba reticulata, R. Br. Prodr. Fl. Nov. Holl. ]>. 528. n. 6. Australia.

1810. Maba conipacta, 11. Br. Prodr. Fl. Nov. Holl. p. 528. n. 7. Australia.

1813. Royena latifolia, Willd. Enum. PL Borol. Suppl. p. 23.

1813. Diospyros laiiceiufolia, Roxb. Catal. PI. class. XIII. Polyandr. monog. Silhot.

1813. Diospyro.s stricta, Roxb. Catal. PI. class. XIII. Polyandr. monog. Tipporah, E. Indies.
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1813. Diospyros bracteata, Roxb. Catal. PI. class, xiii. Polyandr. monog. Dooab, E. Iiulies.

1814. Diospyros glutinosa, Roxb. Hort. Bengal, p. -tO. India.

1814. Diospyros Sapota, Roxb. Hort. Bengal, p. 40. Mauritius [cult. ?]

1814. Diospyros Mabola, Roxb. Hort. Bengal, p. 40. Philippine Islands.

1814. Diospyros racemosa, Roxb. Hort. Bengal, p. 40. Tipperah, E. Indies.

1814. Diospyros ramiflora, Roxb. Hort. Bengal, p. 40. Tipperah, E. Indies.

1814. Ferriola buxifolia, Roxb. Hort. Bengal, p. 72. Coromandel.

1816. Diospyros sapotanigi-a, DC. Ess. Prop. Med. PI. p. 200. Mexico.

181(j. Royena lycioides, [Desf.] Cat. Hort. Paris, ex Poir. in Encyclop. Meth. Siqipl. vol. iv

p. 43-5. Cape of Good Hope.

1817. Mouodora micvocarpa, Dunal Monogr. Auonac. p. 80. Australia.

1817. DiospjTos caroliniana, Muhlenb. ex Rafin. Florula Ludovic. p. 139. Mississippi.

1818. Diospyros a<;apulcensis, Kunth in Humb. and Bonpl. Nov. Gen. III. p. 254. Mexico.

1818. Diospyros psidioides, Kunth in Humb. and Bonpl. Nov. Gen. III. p. 2,54. S. America.

1818. Diospyros couduplicata, Kunth in Humb. and Bonpl. Nov. Gen. ill. p. 2.54. S. America.

1820. Celastrus crispiis, Thunb. Fl. Cap. edit. ii. vol. ii. p. 11-5. Cape of Good Hope.

1820. DiospjTos apeibacarpos, Raddi, Quar. nuov. del Bras. p. 12. n. 10. Brazil.

1821. Diospyros rubiginosa, Roth, Nov. pi. sp. p. 385. E. Indies.

1821. Royena myrtifolia, Wendl. ex Steud. Nomencl. Bot. p. 705. Cape of Good Hope.

1822. Royena decidua, Burch. Trav. int. S. Afric. vol. i. p. 317. South Africa.

1822. Royena microphyUa, Burch. Trav. int. S. Afric. vol. I. p. 348. South Africa.

1822. Euclea ovata, Burch. Trav. int. S. Afric. vol. i. p. 387. South Africa.

1823. Diospyros chinensis, Bkime, Cat. Hort. Buit. p. 110. China.

1823. Cavanillea Mabolo, Lamarck in Encyclop. Meth. tab. 454. Philippine Island.s.

1824. Maba rufa, Labill. Sert. Austr. Caled. p. 33. t. 3G. New Caledonia.

1824. Euclea m\Ttina, Burch. Trav. int. S. Afric. vol. II. p. 588. South Africa.

1825. Maba Ebenus, Spreng. Syst. Veg. vol. Ii. p. 126. Molucca Islands.

1825. DiospjTos vaccinioides, Lindl. in Hook. Exot. Fl. t. 139. China.

1825. Diospyros serrata, Hamilt. ex D. Don, Prodr. Fl. Nep. p. 143. Nepal.

1825. Diospyros cerasifolia, D. Don, Prodr. Fl. Nepal, p. 144. Nepal.

1825. Diospyros cauliflora, Blume, Bijdr. Fl. Ned. Ind. p. 668. Java.

1825. Diospyros frutesceus, Blume, Bijdr. Fl. Ned. Ind. p. 668. Java.

1825. Diospyros maritima, Blume, Bijdr. Fl. Ned. Ind. p. 669. Java.

1825. DiospjTos macrophylla, Blume, Bijdr. Fl. Ned. Ind. p. 670. Java.

1826. Leucoxylum buxifolium, Blume, Bijdr. Fl. Ned. Ind. p. 1169. Java.

1827. Diospyros exculpta, Hamilt. in Trans. Linn. Soc. Lond. vol. XV. p. 110. E. Indies.

1827. Diospyros insculpta, Hamilt. in Trans. Linn. Soc. Lond. vol. XV. p. 112. E. Indies.

1827. Diospyros Toposia, Hamilt. in Trans. Linn. Soc. Lond. vol. xv. p. 115. Biiiii.d.

1827. Noltia tricolor, Schum. and Thonn. Plant. Guin. p. 189. Guinea, Africa.

1827. Diospyros edulis, Lodd. ex Sweet. Hort. Brit. p. 270. E. Indies.

1,S5?8—32. Diospyi-os incisa, Hamilt. Hb. ex Wallich, list n. 4122 D. E. Indies.

1828 32. Diospyros glutinifera, Hb. Madr. ex Wallich, list n. 4123 B. Quilon. E. Indies.

1828 32. Diospyros oblonga, Wallich, list n. 4124. Penang. India.
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1828—32. Diospyros (?) frondosa, Wallich, list n. 4125. Penang, India.

1828—32. Diospyros venosa, Wallich, list n. 4126. Penang, India.

1828—32. Diospyros lucida, Wallich, list n. 4127. Singapore, India.

1828—32. DiospjTos oleifolia, Wallich, list n. 4128. Amherst, India.

iM^N—32. Diospyros (?) acuminata, WaUich, list n. 4129. Singapore, India.

1828—32. DiospjTos Mabolo, WaUich, list n. 4131 A.

1828—32. Diosp3'ros (?) pilosula, Wallich, list n. 4132. Sillet, India.

1828—32. Diospyros Eoylii, WalHch, list n. 4134. India.

1828—32. Diospyros (?) chartacea, Wallich, list n. 4135. Burmah, India.

1828^32. Diospyros undulata, Wallich, list n. 4136. Amherst, India.

1828—32. Diospyros ehretioides, Wallich, list n. 4137. Amherst, India.

1828—32. Diospyros heterophylla, Wallich, list n. 4138, Ava.

1828—32. Diospyros amoena, Wallich, list n. 4139. SiUet.

1828—32. Diospyros densiflora, Wallich, list n. 4140. Moulmyne and Amherst.

1828—32. Dio.spyros grata, Wallich, list n. 4142. Nopal.

1828—32. Diospyros (?) foUolosa, Wallich, list n. 4143. S. India.

1828—32. Diospyros multiflora, Wallich, list n. 4144. Sillet.

1828—32. Diospyros Wightiana, Wallich, list n. 4406. India.

1828—32. Diospyros dubia, Wallich, list n. 4407. India.

1828—32. Diospyros nigricans, Wallich, list n. 6351. Sillet.

1828—32. Guatteria(?) flavicans, Wallich, list n. 7295. Penang.

1832. Dio.spyros Schitze, Buuge, En. Chin. bor. n. 237. p. 42. N. China.

1834. DiospyTos Persimon, Wikstr. Jahr. Schwed. 1830. pp. 92, 96. N. America.

1834. Dio.spyros punctata, Decaisne in N. Ann. Mus. Hist. Nat. vol. III. p. 407. Timor.

1834. Diospyros malabarica, Kosteletsky, Med. Pharmac. Flora (ill.) p. 1099. India.

1835. Diospyros microcarpa, Spanoghe in Hook. Comp. Bot. Mag. vol. I. p. 348. Timor.

1835. Diospyros dioica, Spanoghe in Hook. Comp. Bot. Mag. vol. i. p. 348. Timor.

1835—36. Diospyros albens, Presl, Reliq. Haenk. II. p. 62. Mexico.

1836. Diospyros angustifolia, Lodd. Cat. ex Loudon, Arb. et Frut. Brit. ii. p. 1197

(1838). N. America.

1836. Diospyros fertilis, Lodd. Cat. ex Loudon, Arb. et Frut. Brit. ii. p. 1197 (1838).

N. America.

1836. Diospyros ciliata, Rafin. New Flora and Bot. N. Amer. part III. p. 25. Florida,

N. America.

1837. Diosj]iyros biflora, Blanco, Fl. Filipin. p. 303. Philippine Islands.

1837. Diospyros pilosanthera, Blanco, Fl. Filipin. p. 304. Philippine Islands.

1837. Sapota nigra, Blanco, Fl. Filipin. p. 409. Philippine Islands.

1837. Diospyros ptcrocalyx, Bojer, Hort. Maurit. p. 200. Mauritius.

1837. DiospyTos Loureiriaua, G. Don, Gen. Syst. Gard. and Bot. vol. IV. p. 39. E. Trop.

Africa.

1837. Embryopteris gelatinifera, G. Don, Gen. Syst. Gard. and Bot. vol. iv. p. 41. E. Indies.

1837. Embryopteris discolor, G. Don, Gen. Syst. Gard. and Bot. vol. iv. p. 41. Philippine

Islands.
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1837. Embryopteris racemosca, G. Don, Gen. Syst. Gard. and Bot. vol. IV. p. 41. Sillet.

1837. Embryopteris Loureiriana, G. Don, Gen. Syst. Gard. and Bot. vol. iv. p. 41. Cochin China.

1837. Embryopteris Kaki, G. Don, Gen. Syst. Gai'd. and Bot. vol. iv. p. 41. Japan, China

and Cochin China.

1837. Diplonema elliptica, G. Don, Gen. Syst. Gard. and Bot. vol. iv. p. 42. Cape of

Good Hope.

1837. Diplonema ambigua, G. Don, Gen. Syst. Gard. and Bot. vol. iv. p. 42. Cape ot

Good Hope.

1837. Maba (?) Ebenoxylon, G. Don, Gen. Syst. Gard. and Bot. vol. IV. p. 43. Cochin China.

1837. Royena cordata, E. Meyer, Cat. PI. Exsicc. Afr. Austr. Dreg. p. 7. Cape of Good Hope.

1837. Royena brachiata, E. Meyer, Cat. PL Exsicc. Air. Austr. Dreg. p. 7. Cape of Good Hope.

1837. Royena cuneifolia, E. Meyer, Cat. PL Exsicc. Afr. Austr. Dreg. p. 7. Cape of Good Hope.

1837. Royena rugosa, E. Meyer, Cat. PL Exsicc. Afr. Austr. Dreg, p. 7. Cape of Good Hope.

1837. Euclea rufescens, E. Meyer, Cat. PL Exsicc. Afr. Austr. Dreg. p. 7. Cape of Good Hope.

1837. Euclea macrophylla, E. Meyer, Cat. PL Exsicc. Afr. Austr. Dreg. p. 7. Cape of

Good Hope.

1837. Euclea lanceolata, E. Meyer, Cat. PL Exsicc. Afr. Austr. Dreg. p. 7. Cape of Good Hope.

1837. Euclea polyandra, E. Meyer, Cat. PL Exsicc. Afr. Austr. Dreg. p. 7. Cape of Good Hope.

1837. Euclea tomentosa, E. Meyer, Cat. PL Exsicc. Afr. Austr. Dreg. p. 7. Cape of Good Hope.

1837. Euclea acutifolia, E. Meyer, Cat. PL exsicc. Afr. Austr. Dreg. p. 7. Cape of Good Hope.

1837. Euclea rigida, E. Meyer, Cat. PL exsicc. Afr. Austr. Dreg. p. 7. Cape of Good Hope.

1837. Euclea pseudebenus, E. Meyer, Cat. PL exsicc. Afr. Austr. Dreg. p. 7. Cape of Good Hope.

1837. Leucoxilon laurinum, E. Meyer, Cat. PL exsicc. Afr. Austr. Dreg. p. 7. Cape of Good

Hope.

1840. M3Tsiae Kellau, Schimper in PL Abyss, exsicc. sect. i. n. 1.59. Abyssinia.

1840. Diospyros moUis, Wall, ex Steud. Nomencl. Bot. edit. Ii. part 1. p. 514. Tavoy, E. Indies.

1840. Diospyros Paralea, Steud. Nomencl. Bot. edit. II. part. 1. p. 514. S. America.

1840. Diospyros phyllomegas, Steud. Nomencl. Bot. edit. II. part 1. p. 514. Java.

1840. Patonia Walkerii, Wight, Illustr. vol. I. p. 19. Ceylon.

1840. Diospyros calycina, Audib. Cat. Hort. Tonn. ex Spach, Hist. Yeget. ix. p. 40.">.

N. America.

1841. Royena media, Hort. ex Steud. NomencL Bot. edit. ii. vol. ii. p. 475. Cape of

Good Hope.

1841. Diospyros tetrandra, Spanoghe, Prodr. Fl. Timor, in Linnasa XV. p. 336. Timor.

1842. Kellaua Schimperi, Alph. DC. in Ann. Sc. Nat. Ser. Ii. vol. xviii. p. 209. Abyssinia.

1842. Diospyros mespiliformis, Hochst. in PL Schimp. Abyss, exsicc. sect. II. nn. 655, 1243.

Abyssinia.

1842. Euclea Kellau, Hochst. in PL Schimp. Abyss, exsicc. sect. ir. n 1078. Abyssinia.

1842. Diospyros intermedia, Hort. ex Loudon Enc. Tr. and Shr. p. 627. N. America.

1843. Royena rufescens, E. Meyer, Pflanzengeogr. Doc. Dreg. p. 154 in Flora, xxvi. ii. Cape

of Good Hope.

1843. Royena opaca, E. Meyer, Pflanzengeogr. Doc. Dreg. p. 217 in Flora, xxvi. ii.

Cape of Good Hope.
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184:3. Royena falcata, E. Meyer, Pflanzengeogr. Doc. Dreg. p. 217 in Flora, xxvi. ii. Cape

of Good Hope,

KS43. Euclea ocbrocarpa, E. Meyer, Pflanzengeogr. Doc. Dreg. p. 184 in Flora, xxvi ii.

Cape of Good Hope.

1844. Royena sericea, Bernh. iu Flora. XXYII. ii. p. 824. Cape of Good Hope.

1844. Euclea Kraussiana, Bernh. in Flora, sxvii. ii. p. 824. Cape of Good Hope.

1844. Euclea ferruginea, Bernh. in Flora, xxvii. ii. p. 82.5. Cape of Good Hope.

1844. Royena ramulosa, E. Meyer ex Alph. DC. Prodr. viii. p. 212. n. 6. Cape of Good

Hope.

1844. Euclea elliptica, Alph. DC. Prodr. vol. viii. p. 216. n. 1. Cape of Good Hope.

1844. Euclea Dregeana, Alph. DC. Prodr. vol. Vili. p. 216. n. 2. Cape of Good Hope.

1844. Euclea coriacea, Alph. DC. Prodr. vol. viii. p. 216. n. 4. Cape of Good Hope.

1844. Euclea natalensis, Alph. DC. Prodr. viii. p. 218. n. 10. Natal.

1844. Royena macrophylla, E. Meyer ex Alph. DC. Prodr. vol. vili. p. 218. n. 10. Natal.

1844. Diospyros (?) pilosa, Alph. DC. Prodr. vol. VIII. p. 219. Cochinchina.

1844. Gunisanthus pilosulus, Alph. DC. Prodr. vol. viil. p. 220. Sillet.

1844. Rospidios vaccinioides, Alph. DC. Prodr. vol. VIII. p. 220. China and Malacca.

1844. Macreightia caribsea, Alph. DC. Prodr. vol. viii. p. 221. n. 1. St Domingo.

1844. Macreightia alben.s, Alph. DC. Prodr. vol. viii. p. 221. n. 2. Mexico.

1844. Macreightia acapulcensis, Alph. DC. Prodr. vol. Viir. p. 221. n. 8. Mexico.

1844. Macreightia psidioide.s, Alph. DG. Prodr. vol. viii. p. 221. n. 4 ? S. America.

1844. Macreightia conduplicata, Alph. DC. Prodr. vol. vui. p. 221. n. 5. S America.

1844. Macreightia inconstans, Alph. DC. Prodr. vol. viii. p. 221. n. 6. New Granada.

1844. Macreightia Pavonii, Alph. Prodr. vol. viil. p. 222. n. 7. America.

1844. Diospyros cayennen.sis, Alph. DC. Prodr. vol. viil. p. 224. n. 8. Cayenne, &c.

1844. Danzleria axillaris, Bert, ex Alph. DC. Prodr. vol. viii. p. 224. n. 8. Cayenne.

1844. Dio-pyros Pccppigiana, Alph. DC. Prodr. vol. viii. p. 224. n. 9. Brazil?

1844. Dio.spyros mauritiana, Alph. DC. Prodr. vol. viii. p. 226. n. 15. Mauritius.

1844. DiospjTos macrocalyx, Alph. DC. Prodr. vol. viii. p. 226, n. 17. Mauritius (or Bourbon ?).

1844. Diospyros capensis, Alph. DC. vol. viii. p. 226. u. 19. Cape of Good Hope.

1844. Diospyros membranacea, Alph. DC. Prodr. vol. viii. p. 227. n. 20. Mauritius.

1844. Diospyros anona?folia, Alph. DC. Prodr. vol. viii. p. 227. n. 21. Mauritius (or Bourbon?).

1844. Diospyros Neraudii, Alph. DC. Prodr. vol. viii. p. 227. n. 23. Mauritius.

1844. Diospyros philippinensis, Alph. DC. Prodr. vol. Vili. p. 231. n. 43. Philippme Islands.

1844. DiospjTos .sijuamosa, Bojer ex Alph. DC. Prodr. vol. VIII. p. 232. n. 49 ? Madaga.scar.

1844. DiospjTos laevi.s, Bojer ex Alph. DC. Prodr. vol. VIII. p. 232. n. 50. Madagascar.

1844. Diospyros senegalensis, Perrottet ex Alph. DC. Prodr. vol. viii. p. 234. n. 59 i

Sencgambia.

1844. Diospyros Berterii, Alph. DC. Prodr. vol. vill. p. 234. n. 01. New Granada.

1844. Diospyros citrifolia, Wallich ex Alph. DC. Prodr. viii. p. 235. n 65. Burmah.
1H44. Diospyros sericea, Alph. DC. Prodr. vol. viil. ]>. 236. n. 67. Brazil.

1844. Diospyros hispida, Alpli. DC. Prodr. vol. Vlll. p. 236. n. 68? Brazil.

1844. Diospyros Boutoniana, Alph. D(!. Prodr. vol. Vill. p. 236. n. 72. Mauritius (or Bourbon ?).
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1844. Diosp\Tos Blancoi, Alph. DC. Prodr. vol. viii. p. 237. n. 74. Philippine Islands.

1844. DiospjTOs Malacapai, Alph. DC. Prodr. Vlii. p. 237. n. 75. Philippine Islands.

1844. Diospyros Canomoi, Alph. DC. Prodr. Viii. p. 237. n. 78. Philippine Islands.

1844. Diospyros (?) Cunalon, Alph. DC. Prodr. vol. viii. p. 237. n. 79. Philippine Islands.

1844. Diospyros feminina, Hamilt. ex Alph. DC. Prodr. viii. p. 238. u. 83. Nepal.

1844. Maba Cumingiana, Alph. DC. Prodr. vol. Vlii. p. 241. n. 4. Philippine Islands.

1844. Maba madagascariensis, Alph. DC. Prodr. vol. Vill. p. 241. n. 7. Madawascar.

1844. Maba guineensis, Alph. DC. Prodr. vol. vill. p. 241. n. 8. Guinea, Africa.

1844. Maba Smeathmanni, Alph. DC. Prodr. vol. VIII. p. 241. n. 9. Sierra Leone.

1844. Maba sandwicensis, Alph. DC. Prodr. vol. vill. p. 242. n. IG. Sandwich Islands.

1844. Cargilia maritima, Hassk. Cat. PI. Hort. Bot. Bogor. ii. p. 1.59. Java.

1845. Vaccinium fragrans, Wall, ex Voigt Hort. Suburb. Calcutt. p. 345. n. 13. China.

1845. Diospyros grandifolia, Wall, ex Voigt Hort. Suburb. Calcutt. p. 345. n. 18. Mauritiu.s.

1845. Diospyros nigra, Blanc. Flora de Filipinas, edit. ii. p. 211. Philippine Islands.

1845. Diospyros brachysepala, Alex. Brauu in Leonhard and Bronn, Neues Jahrb. Mineral.

p. 170. Germany.

1846. DiospjTos japonica, Sieb. and Zucc. Fl. Jap. II. 12 in Abh. Bayer. Acad. iv. 3. p. 13G.

n. 459. Japan.

1846. Diospyros truncata, ZoU. and Mor. in Mor. Syst. Verz. Jav. Pflanzen. p. 43. Java.

1847. Brachycheila pubescens, Harv. ex Zeyh. in Linnsea XX. p. 192. Cape of Good Hope.

1847. Euclea pubescens, Eckl. and Zeyh. in Linna?a xx. p. 192. Cape of Good Hope.

1847. Euclea linearis, Zeyh. in Linnsea XX. p. 192. Cape of Good Hope.

1847. Euclea desertorum, Eckl. and Zeyh. in Linnsea xx. p. 192. Cape of Good Hope.

1847. Euclea humilis. Eckl. and Zeyh. in Linnsea xx. p. 192. Cape of Good Hope.

1848. Diospyros Umlovok, Griffith, Itinerary Notes, p. 355. India.

1848. Diospyros pendula, Hasselt ex Hassk. Plant. Javan. p. 468. Java.

1848. Diosp}TOS hexasperma, Hasselt ex Hassk. Plant. Javan. p. 408. Java.

1848. Diospyros ferruginea, Spltgbr. in Vriese Ned. Kruidk. Arch. p. 327. Guiana.

1849. Euclea angustifolia, Benth. in Hook. Niger Fl. p. 441. W. Tropical Africa.

1849. Maba vacciniaefolia, Benth. in Hook. Niger Fl. p. 442. W. Tropical Africa.

1849. Diospyros texana, Scheele in Linna?a XXII. p. 145. Texas, N. America.

1850. Diospyros Candolleana, Wight, Icon. tt. 1221—2. India.

1850. Diospyros capitulata, Wight, Icon. tt. 1224, 1588 bis. India.

1850. Diospyros ovalifolia, Wight, Icon. t. 1227. Madras.

1850. Maba neilgherrensis, Wight, Ic. PI. Ind. Or. nn. 1228—9. Neilgherries, India.

1850. Plumeria flos-Saturni, Unger, Gen. et Sp. PI. Foss. p. 433. Croatia.

1850. Diospyros Wodani, Unger, Gen. et Sp. PI. Foss. p. 435. Croatia.

1850. Diospyros Auricula, Unger, Gen. et Sp. PI. Foss. p. 436. Croatia.

1850. Diospyros Myosotis, Unger, Gen. et Sp. PI. Foss. p. 430. Croatia.

1850. Anona Lignitum, Unger, Gen. et Sp. PI. Foss. p. 441. Europe.

1850. Celastrus europaeus, Unger, Gen. et Sp. PI. Foss. p. 459. Croatia.

1850. Tetrapteris Harpyiarum, Unger, Foss. Fl. Sotzka, p. 46. t. 29. ff. 9, 10. Europe.

1850. Getonia macroptera, Unger, Foss. Fl. Sotzka, p. 51. t. 3.3. ff. 6— 8.. Europe.
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1851. Diospyros amplexicaulis, Lindl. and Paxt. Fl. Gard. vol. II. p. 11. n. 271. f. 139.

Mauritius.

18.51. Diospyros Scheuzeri, Al. Br. ex Unger, Pflanzenwelt, p. 233. Europe.

1851. Diospyros laucifolia, Al. Br. es TJnger, Pflanzenwelt, p. 233. Europe.

1851. Diospyros pannonica, Ettingsh. Foss. Fl. Wien, p. 19. t. III. f. 8. Austria.

1851. Diospyros hffiringiana, Ettingsh. Tert. Fl. Hariug. p. 61. t. 21. f. 26. t. 22. £ 11. Tyrol.

1851. Diospyros longitblia, Stizenberger, Verzeichniss, p. S3. Europe.

1852. Diospyros paniculata, Dalzell in Kew Journ. Bot. vol. iv. p. 109. Bombay.

1852. Diospyros pruriens, Dalzell in Kew Journ. Bot. vol. IV. p. 110. Bombay.

1852. Diospyros Goindu, Dalzell in Kew Journ. Bot. vol. iv. p. 111. India.

1852. Holochilus micranthus, Dalzell in Kew Journ. Bot. vol. IV. p. 291. Bombay.

1852. Diospyros eriantha, Champion in Kew Journ. Bot. vol. IV. p. 302. Hong Kong.

1852. Diospyros Morrisiana, Hance ex Walpers Annal. vol. III. p. 14. Hong Kong.

1854. Diospyros argenteus, Grifiith, Notulaj, vol. IV. p. 288. Malacca.

1854. Maba hermaphroditica, Zollinger, Syst. Verzeichniss lud. Aichip. p. 135. Java.

1854. Arbutus diospyrifolius, Massal. Lett. Scarab, p. 29. n. 203 in Ann. So. Nat. Bologn. Italy.

1845—55. Diospyros laurifolia, Rich. Fl. Cub. in Ramon de la Sagra, Hist, de Cuba, vol. XI.

p. 86. tab. 55 ex Walp. Ann. bot. Syst. vol. V. p. 480 (1858).

18,51—5. Diospyros sumatrana, Miq. Plant. Jungh. vol. I. p. 203. Sumatra.

1851—5. Maba sumatrana, Miq. Plant. Jungh. vol. I. p. 204. Sumatra.

1855. Diospyros aurea, Teijsm. and Binn. PI. n. h. Bogor. in Nederl. Kruidk. arch. III. p. 405.

Java.

1855. Diospyros laxa, Teijsm. and Binn. PI. nov. hort. Bogor. in Nederl. Kruidk. arch. III.

p. 406. Java.

1855. Rhipidostigma Zollingeri, Hassk. Retzia, I. p. 104. Java.

1855. Rhipidostigma Teijsmanni, Hassk. Retzia, i. p. 106. Java.

1855. Getonia truncata, Goeppert, Tert. Fl. v. Schossnitz, p. 37. t. 25. f. 11. Silesia.

1856. Diospyros gaulthcria'folia, Mart. Fl. Brasil. Eben. p. 5. t. 2. f. 1. Brazil.

1856. Diospyros brasiliensis, Mart. Fl. Brasil. Eben. p. 5. t. 2. f. 2. Brazil.

1856. Diospyros coccolobsefolia, Mart. Fl. Brasil. Eben. p. 6. t. 1. f. 1. Brazil.

1856. Diospyros artanthaefolia, Mart. Fl. Brasil. Eben. p. 7. Brazil.

1856. Diospyros (?) myrmococarpus, Mart. Fl. Brasil. Eben. p. 7. Brazil.

1856. Diospyros (?) .xylopioides. Mart. Fl. Brasil. Eben. p. 8. Guiana, S. America.

1856. Macreightia obovata. Mart. Fl. Brasil. Eben. p. 9. t. 2. f. 3. Brazil.

1856. Diospyros timoriana, Miq. Fl. Ind. Bat, vol. Ti. p. 1045. Timor.

1857. Maba javanica, Zollinger, Obs. Bot. Nov. p. 14 in Natuurk. tydschr. Neerl. Ind. vol. xiv.

Java.

1857. Diospyros Kuhlii, Zollinger, Obs. Bot. Nov. p. 15 in Natuurk. tydschr. Neerl. Ind. vol. xiv.

Java.

1857. Diospyros penduliflora, ZoU. Obs. Bot. Nov. p. 15 in Natuurk. tydschr. Neerl. Ind. vol.

XIV. Java.

1857. Diospyros Haaseltii, Zollinger, Obs. Bot, Nov. p. 15 in Natuurk. tydschr. Neerl. Ind.

vol. XIV. Java.
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1857. Drebbelia subarboresceBS, Zoll. Obs. Bot. Nov. p. 16 in Natuurk. tydschr. Neerl. Iiid.

XIV. Java.

18-57. Brachynema ramiflorum, Beutli. in Trans. Linn. Soc. Lond. vol. XXII. (part ii.) p. 126.

t. 22. N. Brazil.

18.58. Diospyi-os incerta, Massalongo, Synops. Fl. Foss. Senigall. p. 76. n. 197. Europe.

1859. Diospyros anceps, Heer, Fl. Tert. Helv. iii. p. 12. t. CII. ff. 15—18. Oeningen, &c.,

Europe.

1859. Macreigbtia germanica, Heer, Fl. Tert. Helv. vol. in. p. 13. t. ciir. ff. 1, 2. Oeningen,

&c., Europe.

1859. Cassia phaseolites, Heer, Fl. Tert. Helv. vol. in. tab. 138. f. 2 (solum). Europe.

1859. Diospyros laurina, Massalongo, Syllab. PI. Foss. Tert. Venet. p. 77. Italy, Europe.

1859. Diosp}'ros "Weberii, Massal. Syllab. PI. Foss. Tert. Venet. p. 77. Italy.

1859. Macreigbtia italica, Massalongo, Syllab. PL Foss. Tert. Venet. p. 77. Italy, Europe.

1859. Macreigbtia (?) umbellata, Massal. Syllab. PI. Foss. Tert. Venet. p. 77. Italy.

1860. Diospyros pyrrbocai-pa, Miq. Fl. Iml. Bat. Suppl. i. p. 583. W. Sumatra.

1860. Diospyros Diepenhorstii, Miq. Fl. Ind. Bat. Suppl. i. p. 583. W. Sumatra.

1860. DiospjTOs Teysmanni, Jliq. Fl. Ind. Bat. Suppl. i. p. 583. S. Sumatra.

1860. Diospyros (?) cystopus, Miq. Fl. Ind. Bat. Suppl. i. p. 584. S. Sumatra.

1860. Maba (?) lamponga, Miq. Fl. Ind. Bat. Suppl. I. p. 584. S. Sumatra.

1860. Dio.spyros crumenata, Thwaites, Enum. Ceylon PI. p. 179. n. 5. Ceylon.

1860. Diospyi-os afjinis, Thwaites, Enum. Ceylon PI. p. 179. n. 6. Ceylon.

1860. Diospyros qusesita, Thwaites, Enum. Ceylon PL p. 179. n. 7. Ceylon.

1860. DiospjTos oocarpa, Thwaites, Enum. Ceylon PL p. ISO. u. 9. Ceylon.

1860. Diospyros insignis, Thwaites, Enum. Ceylon PL p. 180. n. 10. Ceylon.

1860. Diospyi-os oppositifolia, Thwaites, Enum. Ceylon PI. p. 181. n. 11. Ceylon.

1860. Diospyros Gardneri, Thwaites, Enum. Ceylon PL p. 181. n. 12. Cejdon.

1860. Diospyi-os Moonii, Thwaites, Enum. Ceylon PI. p. 182. n. 16. Ceylon.

1860. Diospyros acuta, Thwaites, Enum. Ceylon PL p. 182. n. 17. Ceylon.

1860. Diospyros attenuata, Thwaites, Enum. Ceylon PL p. 182. n. 18. Ceylon.

1860. Maba augustifolia, Miq. ex Thwaites, Enum. Ceylon PL p. 183. Ceylon.

1860. ilacreigbtia oblongifoUa, Thwaites, Enum. Ceylon PL p. 183. Ceylon.

1860. DiospjTos vetusta, Giebel, Flora Braunkohl. in Zeitschrift, vol. xvi. p. 57. Prussia.

1861. Maba nigrescens, Dalzell in Dalz. and Gibs. Bomb. Fl. p. 142. Bombay.

1861. Macreigbtia intricata, A. Gray in Proceed. Amer. Acad. vol. v. p. 163. Lower Cali-

fornia.

1861. Ebenacites rugosus, Saporta, Exam. AnaL Fl. Tert. Prov. p. 31. S. E. France.

1862. Diospyros samoensis, A. Gray in Proceed. Amer. Acad. vol. v. p. 326. Navigators'

Island.

1862. Maba foliosa, Kicb. ex A. Gray in Proceed. Amer. Acad. vol. V. p. 326. Feejee Islands.

1862. Diospyros senensis, Klotzsch in Peters Mossamb. I. p. 183. Mozambique.

1862. Diospyros squarrosa, Klotzsch in Peters Mossamb. i. p. 184. Mozambique.

1862. Diospyros bicolor, Klotzsch in Peters Mossamb. i. p. 184. Mozambique.

1862. Diospyros Waldemarii, Klotzsch in Prinz. Waldem. Preuss. p. 101. t, 55. India.

10—2
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1862. Diospyros rugosa, Saporta in Ann. Sc. Nat. ser. ix. vol. xvn. p. 264. t. 11. f. 3. S. E.

France.

1863. Maba natalensis, Harvey, Thes. Capens. vol. II. 7. Natal.

1864. Maba inconstans, Griseb. Fl. Brit. W. Ind. p. 404. Tropical America.

1864. Diospyros Amottiana, Miq. ex Thwaites, Enum. Ceylon PI. p. 423. K Indies.

1864. Macreigbtia ovalifolia, Tbwaites, Enum. Ceylon PL p. 424. n. 2. Ceylon.

1864. Macreigbtia acuminata, Tbwaites, Enum. Ceylon PI. p. 424. n. 3. Ceylon.

1864. Cargillia pentamera, Woolls and F. Muell. in F. Muell. Fragm. IV. p. 82. Australia.

1865. DiospjTos varians, Saporta in Ann. Sc. Nat. ser. V. vol. m. p. 111. t. iv. f. 14, t. vi.

f. 4. S. E France.

1866. Diospyros halesioides, Griseb. Cat. PI. Cubens. p. 168. Cuba.

1866. Macreigbtia buxifolia, Griseb. Cat. PI. Cubens. p. 169. E. Cuba,

1866. Cargillia mabacea, F. Muell. Fragm. V. p. 162. Australia.

1866. Maba quadridentata, F. Muell. Fragm. V. p. 162. Australia.

1866. Maba Cargillia, F. Muell. Fragm. V. p. 162. Australia.

1866. Maba pentamera, F. Muell. Fragm. v. p. 163. Australia.

1866. Cargillia megalocarpa, F. Muell. Fragm. V. p. 163. Australia,

1866. Maba megalocarpa, F. Muell. Fragm. V. p. 163. Australia.

1866. Maba interstans, F. Muell. Fragm. v. p. 163. Australia.

1866. Maba fasciculosa, F. Muell. Fragm. V. p. 163. Australia,

1866. Maba cupulo.sa, F. Muell. Fragm. V. p. 164. Australia.

1866. Maba sericocarpa, F. Muell. Fragm. V. p. 164. Australia.

1866. Maba Hillebrandii, Seem. Fl. Vit. p. 151. Sandmcb Islands.

1866. Maba Andersoni, [Solander] ex Seem. Fl. Yit. p. 152. Tonga Island.s.

1866. Euclea miocenica, Unger, Syll. PI. Foss., pug. iii., in Denkscbrift. XXV. p. 25. t. viii. f. 8.

Croatia.

1866. Euclea Apollinis, Unger, Syll. PL Foss., pug. iii., in Denkscbrift. xxv. p. 26. t. viii. f. 10.

Croatia.

1866. Rbododendron Apollinis, Ettingsh. ex Ung. Syll. PL Foss., pug. iii., in Denkscbrift. xxv.

p. 26. Croatia.

1866. -Diospyros Zollikoferi, Unger, Syll. PL Foss., pug, iii., in Denkscbrift. xxv. p. 27. t. ix.

£ 6. Styria.

1866. Diospyros obliqua, Unger, Syll. PL Foss., pug. iii., in Denkscbrift. xxv. p. 29. t. ix. f. 17.

Croatia.

1866. Diospyros Royena, Unger, Syll. PL Foss., pug. iii., in Denkscbrift. XXV. p. 29. t. ijc,

ff. 18, 19. Croatia.

1866. Diospyros Parthenon, Unger, Syll. PL Foss., pug. iii., in Denkscbrift. xxv. p. 29. t. ix,

f. 8. Europe.

1866. Diospyros Lignitum, Unger, Syll. PL Foss., pug. iii., in Denkscbrift. xxv. p. 30. t. is.

f 9. Europe.

1866. Diospyros lotoides, Unger, SylL PL Foss., pug. iii., in Denkscbrift. xxv. p. 30. t. x.

flf. 1—12. Europe.

1867. Diospyros assimilis, Bedd. Rep. Ind. For. Madr. p. 20. "
t. i." S. Canara, India.
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1867. Diospyros mabacea, F. Muell. Austral. Veg. in Intercolonial Exhibition Essays, 1866—67
p. 35. East Australia.

1867. Diospyros megalocarpa, F. MuelL loc. cit. p. 3-5. North Australia.

1867. Diospyros fasciculosa, F. Muell. loc. cit. p. 35. East Australia.

1867. DiospjTos cupulosa, F. lluell. loc. cit. p. 35. Queensland.

1867. Diospyros sericocarpa, F. Muell. loc. cit. p. 35. Queensland.

1867. Diospyros Cargillia, F. Muell. loc. cit. p. 35. East Australia.

1867. Diospyros pentamera, Woolls and F. Muell. ex F. Muell. loc. cit. p. 35. East Australia.

1867. Diospyros humilis, F. MuelL he. cit. p. 35. Queensland and North Australia.

1867. Diospyros gemmata, F. Miiell. loc. cit. p. 35. Queensland.

1867. Euclea relicta, Unger, Foss. Fl. Eub. in Denkschrift. xxvii. p. 68. t. xi. f. 39. NegTopout

1867. Royena grseca., Unger, Foss. Fl. Eub. in Denkschrift. xxvii. p. 68. t. xi. ff. 40—51
Negropont.

1867. Royena Amalthese, Unger, Foss. Fl. Eub. in Denkschrift. xxvii. p. 69. t. x'n. 1. ]

Negropont.

1867. Royena Euboea, Unger, Foss. Fl. Eub. in Denkschrift. xxvii. p. 69. t. xiv. ff. 2—4
Negropont.

1867. Royena Myosotis, Unger, Foss. FL Eub. in Denkschrift, xxvii. p. 69. t. xiv. ff. 5—^s

Negropont.

1867. Royena Pentelici, Unger, Foss. FL Eub. in Denkschrift. xxvii. p. 70. t. xiv. f. 9,

Negropont.

1868. Diospyros Loveni, Heer, Fl. Foss. Arct. p. 118. t. vii. ff. 7, 8. t. xlvii. f. 8. N. Greenland

1868. Diospyros oligandra, Bedd. Rep. Forests Madras, 1867—68, p. 25. Madras, India.

1869. DiospjTos hebecarpa, A. Cunn. ex Benth. Fl. Austr. iv. p. 286. Australia.

1869. Maba hemicycloides, F. MuelL ex Benth. FL Austr. iv. p. 290. Australia.

1869. Maba laxiflora, Benth. FL Austr. lA'. p. 290. Australia.

1869. Diospyros speciosa. Wood, Rep. Forests Oudh, 1867—68, p. 33. Oudh, India.

1870. Dio.spyros costata, Carriere in Rev. Hortic. p. 134. China.

1870. Macreightia andamanica, Kurz, Rep. Veg. Andam. edit. II. p. 42. S. Andaman.

1871. Diospyros microphylla, Bedd. Ic. PL Ind. Or. p. 27. t. cxxxiii. S. India.

1871. Diospyros canarica, Bedd. Ic. PL Ind. Or. p. 27. t. cxxxiv. S. Canara.

1871. Diospyros Thwaitesii, Bedd. Ic. PL Ind. Or. p. 27. t. cxxxv. Ceylon.

1871. Diospyros nilagirica, Bedd. Ic. PL Ind. Or. p. 27. t. cxxxvi. S. India.

1871. Diospyros rhodocalyx, Kurz in Journ. Asiat. Soc. BengaL XL. Pt. ii. p. 71. Siam.

1871. Diospyros dasyphylla, Kurz in Journ. Asiat. Soc. Beng. vol. XL. Pt. ii. p. 71. E. Indies.

1871. Diospyros Brandisiana, Kurz in Journ. Asiat. Soc. Beng. XL. iL p. 72. Burmah.

1871. Diospyros burmanica, Kurz in Journ. Asiat. Soc. Beng. XL. ii. p. 73. Pegu.

1871. Diospyros variegata, Kurz in Journ. Asiat. Soc. Beng. XL. iL p. 73. Pegu.
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Dksceiption of the Genera and Species, exclttsive of Fossils.

I. RoTENA, Linn. Gen. Plant, p. 114. n. 32.5 (1737).

Flores scepius hermaphroditi et pentameri.

Calyx plerumque accrescens, campamdatus vel urceolatus vel raro depresso-heniisphericus.

Corolla urceolata vel campamdata ; lobis in prcefloraiione sinistrorse contortis.

Stamina numero lohonim corollce dupla rare plum, in verticillum unicum disposita.

Ovarium hirsutum, ^-10-loculare ; ovula in loculis solitaria.

Frutices rarius arbores africani ; foliis alternis, plerumque coriaceis
;
pedunculis axillari-

l)us, soepius unifloris.

Alph. DC. Piodr. VIII. p. 210 (1844); J. G. Agardh, Theor. Syst. PL tab. x. f. 13 (1858);

Harv. MSS. ; non Houston in Linn. Sp. PI. p. 628 (1753) (= Loeselia).

Pistachia (sp.) Pluknet. Almag. p. 298. t. 63. f. 4. t. 317. f. 5 (1691, 1696).

Vitis Idem (sp.) Plukn. Almag. p. 391. Phytogr. t. 321. f. 4 (1696).

Staphylodendrum, Commelin. Hort. Amstelod. I. p. 187. t. 96 (1697).

Staphylodendron, Hermann, Paradisus Bata\Tis, p. 232 cum tab. (1698).

Arbutus (sp.) Linn. Hort. Cliff, p. 163 (1737).

Buxus (sp.) Linn, in Herb. Gronov.

Vaccinium (sp.) Mill. Gard. Diet. edit. vi. (1771).

Eoyenia, auct, non Houst.

Flowers usually hermaphrodite and pentamerous, in one species tetramerous, and in R.

(imbiffua 5-7-merous.

Calyx 5-4-partite 5-fid or 5-toothed at apex, pubescent, usually accrescent in fniit.

Corolla usually 5-fid, urceolate or campanulate, with obtuse reflexed lobes.

Stamens 10, rarely 12—14, in one species 8 ; inserted in one row at the base of the

corolla, usually 2 opposite each of its lobes ; filaments very short, glabrous ; anthers lanceolate-

linear, hairy or in E. sessilifolia glabrous, dehiscing longitudinally by lateral slits, rarely in

subhermaphroditc flowers barren.

Ovary pubescent, 4-10-celled ; cells 1-ovuled ; rarely abortive in male flowers.

Styles 2-5 or -style 2-5-partite or -lobed.

Fruit coriaceous, globose ovoid or oblong, sometimes 5-sided and splitting by valves.

Seeds as in the family; albumen not ruminated.

Shrubs or small trees or even largo trees (see Burchell, Trav. I. 390) mostly limited to

South Africa, but two species (i?. pallens and R. cistoides) reaching the tropics.

Leaves alternate, simple, entire, shortly petiolato or subsessile or in one species quite

sessile, according to Dr Harvey evergreen. Bracts 1—5.

Flowers axillary, peduncled, solitary or in R. glabra 1-5 together or in R. jiarviflora in

3-5-flowered cymes.

Named after Adrian van Royen, Professor of Botany in the University of Leiden, who

died in 1779 at the age of 74.

English name ; African bladder-nuts.

Alph. De Candolle describes 10 small glands at the base around the ovary; I do not,

liowever, notice any such in any of the species of the genus.
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ROYENA.

Key to the Species.

Flowers 5— 7-, usually 5-, merous. Fruit not glandular or rarely so.

I

Calyx .5-lobed only at the apes. 1. Ji_ ludda.

Calyx di\'ided half way down or deeper.

Leaves cordate or sub-cordate or rarely rounded at base.

Style 2-lobed. Leaves subsessile.

Leaves smooth. Flowers hermaphrodite. 2. B. corclatu.

Leaves scabrous. <J Flowers with rudimentary ovary. 3. R. scabnda.

Style 4—5-lobed. Leaves distinctly petiolate. 4. B. villosa.

! Leaves narrowed at base, not cordate.

Peduncles short, not or scarcely longer than the flowers.

Leaves subsessile. Anthers 10, hirsute. .5. R. hirsuta.

Leaves sessile. Anthers 14, glabrous. 6. R. sessilifolia.

I Peduncles nearly as long as the leaves or much longer than the flowers.

Flowers solitary.

Calyx patent or reflexed in fruit.

Leaves more than J in. long.

Flowei-s hermaphrodite, 5-, rarely 4-, merous. 7. R. pollens.

Flowers polygamous, 5—7-merous.

Leaves under ^ in. long.

Calyx appressed to fruit.

Flowers in 1—.5-flowered cymes.

j
Leaves narrowly elliptical, i- 1 in. long.

I
Leaves obovate, 2—6^ in. long.

8. R. (imbif/ua.

9. R. nitens,

10. R. cistoides.

11. R. glabra.

12. R. parvijlom.

Flowers tetramerous or rarely pentamerous. Fruit glandular. 13. R. glandulosit.
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1. ROTENA LUCIDA, Linn. Sp. PI. p. 897. (1753).

R. foliis eUipticis vel ovatis, basi rotundatis vel cordatis, coriaceis, nitidis, breviter

petiolatis ; floribus hermaphroditis, pentamei-is ; pediincuUs uniJloHs ; calyce campanidato,

ampliato, utrinque hirsute, apice breviter dentato, in fructu accrescente ; styh bifido ; ovario

4:-loculari, 4!-ovulato.

Gsertn. Fruct. et Sem. pi. ii. p. 80. t. 94. f. 4 (1791).

Jacq. Fragm. Bot. p. 3. t. i. f. 6 (ISOO—1809).

Lam. Tabl. Encycl. ii. p. 492. t. 370. f. 1. {not good) (Anno. viii. 1800 ?).

Desf. in Annal. Mus. vi. p. 445. t. 62. f. 3 (An. xiii.—1805).

Alph. DC. Prodr. viii. p. 211. n. 1 (1844).

Lindl. in. Bot. Reg. xxxii. t. 40 (1846).

Pappe, Silva Capensis, p. 20 (1854).

Pista^hia africana s. Staphylodendron jEthiopicuvi Movo\aa-ioKaXKT)vo/j,evo(f)vWov singu-

lari hirsuto folio nitente, Pluknet ! Almag. p. 298, Phytogr. Tab. 63, f. 4, tab. 317. f. 5

(1696, 1691).

Staphylodendrum africanum semper virens, foliis splendeutibus, Commelin. Hort.

Amstelod. i. p. 187. t. 96 (bad). (1697.)

Staphylodendron africanum folio singulari lucido, Herm. Parad. Batav. p. 232 cum

tab. (1698), Linn. Hb. Hort. Cliff.

!

Royena foliis ovatis scabriusculis, Linn. Syst. Veg. p. 410 (1784).

An evergreen shrub 5—12 feet high with numerous branches:

Stem 6—12 inches thick. Bark black, rather smooth. Wood hard, tough, yellowish

with brownish stripes when polished, well adapted for furniture, tools, screws, &c., but

chiefly used for wagon work {Dr Pappe). Young parts covered with subferniginous

pubescence.

Leaves elliptical or somewhat ovate, usually pointed or apiculate at apex, obtuse or sub-

.acute, rounded or cordate very rarely somewhat narrowed at base, shortly petiolate, coriaceous,

i— 2J inches long by J — l^in. wide, glabrescent and shining above, hirsute especially on the

midrib and margin or glabrate beneath ; midrib in slight relief on botli sides ; lateral

veins not conspicuous
;
petioles ^ — ^ in. long, pubescent.

Bracts small or foliaceous, sericeous, caducous.

Peduncles axillary, solitary, 1-flowered, pubescent, patent or arching, J — 1 in. long, on

young branches, bearing 1 — 3 bracts.

Flowers J — J in. long, hermaphrodite.

Calyx urceolate, sericeous on both sides, ^ — i in. long, 5-toothed at apex, much accres-

cent in fruit ; teeth short, acute.

Corolla urceolate, 5-fid, with rounded lobes puberulous on both sides.

Stamens (9—) 10, inserted at the base 2 opposite or corresponding to each lobe of the

corolla, ^ in. long, equal; filaments very short, glabrous; anthers lanceolate- linear, hispid on

upper half, glabrous below.

Ovary conical, pubescent, 4-celled, 4-o\Tiled ; surmounted by bifid style, glabrous above

;

Mtigmas puuctiform.
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Fruit ovoid or subglobose, |— 1 in. in diameter, enclosed by inflated pubescent or subgla-

brate calyx, 2—4-celled and -seeded, red and fleshy when ripe; flesh firm, whitish. Seeds

glabrous, rather shining, yellowish ; testa thin ; albumen cartilaginous, hard, white ; embryo

half to two-thirds of the length of the albumen, somewhat curved inwards ; cotyledons ovate,

rather shorter than the radicle.

In Cape Colony known by the name of Zwartbaste (blackwood). See Burchell, Travels,

vol. I. p. 317 (1822).

Grov/s in forests, stony places, on the sides of mountains, &c. South Africa. From Cape

Town eastwards to Natal. Beeves ! ; Ecklon! G98 (" i?. hirstita," on the eastern side of Devil's

Mountain) ; Biige A. (above the waterfall at Duivelsberg 1000—2000 ft. alt. May), B. (Bosch-

rivier, in a wood, below 500 ft. alt. October), c! (Katrivier, in a wood on a hill, 1000

—

2000 ft. alt. November) ; T. Cooper! 10G2 (Orange Free State) ; Miller!; Bowie!; Br Fappe !

(slope of Devil's Mountain); Burchell! 5256 (Hartebeest-Vlakte and Kaatje's Kraal), 5415

(in a forest close to Melkhout Kraal) ; Eoxhurgh !; Harvey I; Alexander !; Mac Owan ! 309

Eastern districts; Zeylier ! 3352.

Natal. Br Sutlierland ! (a low scrubby bush growing among stones).

It is cultivated in St Helena, Gen. Wallcer ! (stamens 5, abortive) ; and has long been

introduced into Europe.

2. ROYENA CORDATA, E. Mey. Catal. PI. Exs. Afr. Austr. Dreg. p. 7 (1837).

R. foliis ellipticis vel ohlongis, basi cordatis, nitidis, coriaceis, apice ohtusis vel subacutis,

subsessilibus ; floribus pentameris, hermaphroditis ; pediinmlis unifioris; calyce 5-partito, ac-

crescente ; stylo bilobo ; ovario i-loculai-i.

Alph. DC. Prodr. viii. 211. n. 2 (184.4).

B. opaca, X Mey. Pflanz. Doc. Drfeg. p. 217 in Flora xxvi. ii. (1843), Alph. DC. Prodr.

viri. p. 211. n. 3 (1844).

i?. supra-cordata, Burch. MSS. in Hb. Afr. Austr. n. 4907 (1814).

A shrub with numerous branches, and a brown-ferruginous pubescence on young parts,

quickly glabrescent and nitescent.

Leaves elliptical or oblong, cordate at base, usually obtuse-pointed mucronate or api-

culate at apex, coriaceous, subsessile, often pubescent underneath, i—2 in. long by |—1 in.

wide.

Peduncles J—f in. long, arching, bearing 2 alternate caducous ovate acute ciliate bracts

similar to the leaves in shape ^ in. long. Flowers about double the length of the calyx,

I in. long.

Calyx 5-partite, villous on both sides, I in. long ; nearly glabrate in fruit ; lobes ovate-

lanceolate, acute, hirsute and ciliate ; calyx jnuch accrescent in fruit with wide ovate cordate

or auricled lobes, often nearly an inch long.

Corolla 5-lobed, with a short cylindrical tube and reflexed rounded lobes; lobes oblong,

f length of corolla, puberulous on both sides.

Stamens 10, inserted at base of corolla, reaching to the mouth of the corolla, pilose.

Style 2-lobed; ovary 4-celled, pilose, cells 1-ovuled.

Fruit subglobose, half an inch or more in diameter.

Vol. XII. Pakt I. 11
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Flowers in November and December. Grows hj river-sides and among mountains. It

reaches 4300 feet altitude.

South Africa. Eastern district of the Cape of Good Hope, and Natal.

Drege!; Zeijher ! Uitenhage; Mac Oivan ! 429, 527, Mountains near Great Eej-net

;

Mrs Button! Keiskamma, British Kaffraria; T. Cooper! 35, 186, 306, British Kaffraria

;

Gueinzius ! Natal ; Gerrard and M'Ken ! 12, 18, 99, 1608, Natal ; Barber ! 307, Queenstown

district, a shrub, grows amongst other bushes, blossoms in spring and summer, flower pale

cream colour; Burchell! 4166, 4186, 4907.

3. RoTENA SCAERIDA, Harv. MSS.

E. foUis ovatis, hasi cordatis, prcesertim subtus scah'is, coriaceis, subsessilibiis ; floribus

pentameris, dicecis ; pedunculis unifloris; calyce o-partito; stylo infloribiis masculis bifido, ovario

abortivo.

A shrub with "branches simple, 8—15 feet high," pilose at the extremities with pale

hairs.

Leaves ovate, cordate at base, acute or obtuse at apex, scabrous especially beneath,

subsessUe, shining above, sericeous when young, ranging up to 2J in. long by If in. wide

;

margins subrevolute.

5 Flowers nearly I in. long, white. Peduncles axillary, bracteate, much shorter than the

leaves, 1-flowered. Bracts ovate, acuminate.

Calyx I in. long, 5-partite, finely setose, erect; lobes ovate, acuminate, -wddened near

base.

Corolla appressedly pilose, campanulate-urceolate, divided |ths way down into 5 ovate-

oblong acute lobes.

Stamens 10, in one row, inserted at base of corolla, \ in. long ; filaments ver}' short,

hairy at apex; anthers hairy at and near apex, linear, acute.

Ovary rudimentary, hairy ; style bifid, hairy below, glabrous above.

Tugela, Natal. Gerrard and M'Ken! u. 1609. Grassy plains. Flowers in September

and October.

Near B. cordata, E. Mey.

4. RoYENA viLLOSA, Linn. Systema Naturae, cd. xii. torn. 2. p. 802 (1767).

B. foliis obovato-oblongis, basi cordatis, apice obtusis, villosis, petiolatis ; Jloribus penta-

meris, hermaphroditis ;
pedunculis 1

—

3-Jio7-is ; calyce o-partito; stylo i—b-lobo ; ovario 8—10-

loculari.

Alph. DC. Prodr. viii. p. 213. n. 11 (1844).

B. scabra, Burm. Prodr. p. 13 (1768).

B. scandens, Burch. MSS. in Hb. Afr. Austr. nn. 3673, 3793 (1813).

Pubescent trailing shrub with patent branches, 5 to 40 feet long.

Leaves obovate-oblong with cordate base and roimded emarginate or shortly-pointed

apex; pubescent especially beneath, glabresceut and dark green above, paler beneath, some-
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times minutely pellucid-punctate, coriaceous, petiolate ; edges recurved ; veins distinct, depressed

above; 1 to 4^ in. long by ^ to 2^ in. wide. Petioles i—f in. long, pubescent.

Peduncles axillary, either 1-flowered about |—| in. long or 3-flowered longer and with

pedicels about -^ in. long, pubescent. Bracts leaf-like, but smaller and narrower than the

leaves, caducous. Flowers densely pubescent.

Calyx with 5 ovate or lanceolate partitions, ovate and accrescent in fruit, closely pubes-

cent on both sides.

Corolla with 5 oblong lobes reaching §rds down, tomentose outside except near base,

glabrous inside.

Stamens 10, anthers densely villous.

Style 5-lobed; ovary 8- or 10-celled ; stigmas punctiform.

Fruit globose-pentagonal, tomentose or hispid, h—f in. long, surrounded by the widely

ovate enlarged lobes of the calyx which reach nearly as high, sometimes dehiscing by 5 valves

from apex.

Grows in woods. South Africa. Eastern districts and Natal.

Drige!; T. Coopei'f 1, British Kaffraria, (in flower and fruit.) "Stem 30—40 ft.,

trailing or twining among trees. Flowers yellow;" /. Sanderson/ 150, 613, 715, Natal (in

flower); TF. T. Gerrard! 30, Natal (in flower); Kraussf 226, 472, 482, Natal (in

flower-bud); Gueinzius! Natal (in flower); Dr Stuart! (in flower); P. Mac Owan f 516,

Grahamstown (in flower); Bowie! (in flower-bud); Burchell! 3673 (in flower), 3793 (in

leaf), 4506 (in flower), 6054? (in leaf); Masson! Ecklon and Zeyher! 464, Uitenhage;

Gerrard and MKen, 613, 614, 2013, Natal; Alexander!

5. RoYEXA HiRSUTA, Linn. Sp. PI. p. 397 (1753).

B. foliis ohlanceolatis, hast cuneatis, suhsessilihu.s, liirsutls ; florihus pentameris, herma-

2)hroditis ; pedunculis hrevihus, luiifloris ; cahjce p)rofunde b-loho ; corolla urceolatd ; stamini-

bus 10; sti/Io pilerumque hiloho et ovario 4<-locidari.

Lam. Tabl. Encycl. II. p. 493. t. 370. f. 2 (anno yiil—1800).

Alph. DC. Prodr. viii. p. 212. n. 8 (1844), non Jacq. nee Eckl. nee Sieb.

B. angustifolia, Willd. Spec. Plant. Ii. p. 633 (1799), AJph. DC. I. c. n. 5.

?B. cuneata, Poir. in Encyclop. Mdth. VI. p. 322 (1804), Alph. DC. I.e. p. 215. u. 18, non

Spreng.

B. microphylla, Burch. Trav. Int. S. Afr. i. p. 348 (1822), Alph. DC. I.e. p. 212. n. 9.

B. rugosa, E. Mey. Cat. PL Exsicc. Afr. Austr. Drfeg. p. 7 (1837), Alph. I.e. n. 7.

Diospyros kirsuta, Desf. Ann. Mus. VI. p. 447. t. 62. f. 2 (1805), non L.

D. pubescens, Pers. Synops. II. p. 625 (1807), non Pursh.

Arbutus foliis lanceolatis integerrimis hirsutis, Linn. Hort. Cliff, p. 163 (173/).

A much-branched rigid shrub, 2—8 feet high, more or less do-*vny-canescent or

tomentose.

Leaves oblanceolate, obtuse or acute at apex, cuneate at base, subsessile, crowded,

•coriaceous, haiiy and rugose with raised veins or pitted beneath, \—l in. long by -^^
—i in.

Avide ; margins flatfish or recurved.

11—2
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Peduncles 1-flowered, arching, shorter than the flowers, Jjj—i In. long, usually blbract-

eate in the middle.

Calyx deeply 5-lobed, hairy on both sides; lobes ovate, accrescent, erect or reflexed in

fruit. C!orolla urceolate, 5-fid, grey-felted outside, puberulous inside ; lobes rounded or obtuse.

Stamens usually 10 ; anthers hairy ; filaments dilated.

Styles 2—4, usually 2; stigmas more or less dilated, glabrous. Ovary villous, 4-, 6-.

8-celled.

Fruit globose, about ^ in. in diameter, more or less tomentose, often dehLscing by 2 or

3 valves. Fruiting calyx-lobes rounded, erect or reflexed.

Grows among mountains and rocks and along banks of rivers and reaches 5000 feet in

Natal. Flowers in August. Cape of Good Hope, Kalihari region and Natal.

Dr Sutherland! Natal (in flower); Dr Zeyher ! 3350, 3351, Uitenhage and Clanwilliam

(in flower); Burchell! 7531 (in leaf), 7537 (in frait), 7446 (in fruit), 1696 (in flower), 2502

(in fruit), 4898 (in fruit); Drege!; P. Mac Owan! 269, Humansdorp (in flower); T. Cooper!

212, Queenstown (in flower); Verreaux! ; Kraitss, 1719; S. Africa, 3Iasson Auge and Olden-

burg!; Barber! 311, Queenstown district, on stony hill-sides, flowers white, blossoms in

spring.

6. ROYENA SESSILIFOLIA, sp. nov.

R. foliis oblongo-obovatis, membranaceis, sessilibus, obtusis, basi angustatis ; floribus pen-

tameris, diaeds; pedunculis xinifloris, brevibus; calyce 5-partito; corolla urceolatd; stamini-

bus in jlore viasculo 14, glabris ; ovario abortivo.

A shrub with erect stem ; branches pubescent, spreading at about 70°.

Leaves oblong-obovate, sessile, submembranous, pubescent beneath and on both sides when

young, rounded or retuse at apex, narrowed to an obtuse base, 1|— 2 in. long by |—| in. wide
;

veins inconspicuous, depressed on the upper surface.

Peduncles axillarj', solitary, bearing one flower longer than itself, pubescent. Flowers

fragrant, \ in. long.

Calyx pubescent outside, 5-partite, with lanceolate erect-patent 3-veined lobes J in. long.

Corolla urceolate, o-lobed at apex, glabrous inside, pubescent outside ; lobes recui-ved, ob-

tuse, jdin. long.

Stamens 14, glabrous; anthers dehiscing from apex; filaments short; pollen globular,

smooth, -j^j^jiyin. in diameter.

Ovar}' rudimentary, rounded, pubescent.

Pubescence whitish. Described from a living .specimen cultivated in Hort. Kew! Approaches

B. ambigua, Vent, by having more than 10 stamens, but differs from it by its shorter peduncles
;

differs also from all other species of Royena by its absolutely sessile leaves.

A specimen in the Leiden lierbarium with sessile leaves, which however are coriaceous and

usually pointed at the apex and have the veins in relief on both sides, may be the same species
;

it was cultivated in 1785.

Cfr. R. lati/olia, Willd. Enum. PI. Hort. Berol. Suppl. p. 23 (1813, sine descriptione), Alpb.

DC. Prodr. viii. p. 215.



Mr HIERN, on EBENACE^, 85

7. ROYENA FALLENS, Thimb. Prodr. Fl. Capens., pars prior, p. 80 (1794).

R. foliis anguste ohovato-ellipticis, apice plerumque obtims, last in petiolum brevem

angiistatis, coriaceis ; florihus hermapkroditis, j)lerumque pmtameris; peduncuUs plerumque

unifloris flore longiorihus ; cahjce o-paHito ; stylo S—5-fido; ovario G

—

\Q-loculari.

Alph. DC. Prodr. vin. p. 213. n. 13 (1844) ; non Willd. Hb. ! n. 8363.

R. hirsuta, Jacq. Collect. V. p. 110. t. 13. f. 1 (1796), et Fragm. bot. t. 1. f. 2 (1800—
1809), non Linu. nee Eckl. nee Sieb.

Diospyros lycioides, Desf. in Annal. Mus. vi. p. 448. t. 62. f. 1 (An. xiii—1805).

R. puhescens, Willd. Hort. Berol. p. 4.57 (1809), Bot. Reg. t. .500 (1820), Alph. DC. Ic. n. 12.

R. lycioides, (Desf.) Cat. Hort. Paris ex Polr. in Encycl. Meth. Suppl. IV. p. 435 (1816),

Alph. DC. I.e. p. 214. n. 17.

R. decidua, Burch. Trav. Int. S. Afr. L p. 317 (1822).

R. cuneata, Speng. Syst. Vegetab. II. p. 360 (1825), non Poir.

R. brachiata, E. Mey. Cat. PL Exsicc. Afr. Austr. Dr g. p. 7 (1837), Alph. DC. I c. p. 213. n. 10.

R. cuneifolia, E. Mey. Cat. PI. Exsicc. Afr. Austr. Drhg. p. 7 (1837), Alph. DC. I. c. p. 214. n. 16.

R. ramulosa, E. Mey. ex Alph. DC. Prodr. viii. p. 212. n. 6 (1844).

R. sericea, Bernh. in Flora 1844, p. 824.

R. oleifolia, Desf. MSS. (1824) ex Gay MSS. in Herb.

R. hispidula, Harv. MSS.

A shrub or small tree, ranging up to 15 feet in height. Bark reddish brown. Branches

silky-pubescent or often glabrescent, pale or cinereous.

Leaves more or less narrowly obovate-elliptical, obtuse or rarely acute at apex, narrowed at

base into short petiole, silky especially beneath or glabrate, coriaceous, evergreen, ^—2 in. long

by I—f in. wide
;
petioles ^'^—i in. long.

Peduncles |—| in. long, longer than the flowers, usually considerably so, 1- (rarely 2-)

flowered, arching, bearing 2—3 narrow bracts about or above the middle. Flowers white or

yellowish, hermaphrodite, pentamerous (or rarely tetramerous), J—| in. long.

Calyx partite; lobes ovate or lanceolate, acute, hirsute, accrescent, in fruit spreading or

reflexed.

Corolla deeply lobed, hairy outside ; lobes lanceolate, acuminate.

Stamens (9—) 10, about half the length of the flower ; anthers hirsute.

Style 3—5-fid, hairy; stigmas punctiform, glabrous. Ovary 6-, 8-, 10-celled, hairy.

Fniit subglobose or ovoid, pubescent or rarely glabrate, i—1 in. in diameter, sometimes

bursting in a valvate manner. Albumen of seeds not ruminated.

Reaches 5000 feet in Natal, 2500 at Graaf Reinet. Flowers in Sept., Oct. and Nov., Jan. Feb.

Grows at margins of woods, &c.

In South Africa on the banks of the Gariep it is called by the natives Zwartebast (black-

wood). Cape of Good Hope, Kalihari region and Natal ; also in West tropical Africa.

Dr^ge!; Peddie ! Natal; Col. Bolton! Grahamstown; T. Williamson! Albany; Alexan-

der!; Ecklon and Zeyher ! 1127; Burchell! 74.5—1, 1750, 2371, 2930, 3301, 3325, 3396. 3472,

3789, 4184, 4501, 5490, 5529, 5632, 6490, 6813; Dr Zeyher! 3348, 3353, 3354; Burke! Great
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FishEiver, and Crocodile Eiver; Harvey! 544.; Mac Owan, 1G46; W. T. Gerrord ! 129, 615,

1157, 1238, 1607. 1610, 1611, Natal; T. Cooper! 272, QueenstowTi; 418, Beaufort; 1238,

1157, Natal; Button ! Howison's Port, Eastern Districts; J.Sanderson! 140, 318, 511, 527,

717, Natal; Dr Sutherland! Natal 3000—5000 feet alt; Bowkei- ! (103?) Albany; Wylei/

!

103, Namaqualand; Bolus! 128, Graaf Eeinet (flowers in Oct., fruits in Nov.); Krauss

/

423, Natal, 1721, Knysna; Cape. Niven! 51, large shrub 6 or 8 feet bigh, dry elevated

plains near Goud river. Tropical Africa, Dr Kirk! Sesbike (alt. 3000 feet); C. J. Meller

!

Manganja Hills (tree : always found by streams).

A form -with leaves acute at both ends and turning black in drying and with globose

fruits thinly sprinkled with rigid hairs is E. hispidula, Harv. MSS. Burchell ! Cat. no. 3789

at the Kowi Station, 26 Sept. 1813 ; and no. 4501 at the Lead mine, 29 January, 1814.

Benguela. Distr. Huilla. Dr Welwitsch ! no. 2533. A shrub 4—6 ft. high, rarely a small

tree of 8 ft. Leaves broad. Flowers white, rather fleshy. Fruit puberulous. Fruiting calyx

reflexed, not much increased. In woods and thickets between Lopollo and Monino.

Do. Dr Welwitsch ! no. 2534. Leaves narrower.

Do. Dr Wehvitsch ! no. 1255. A small shrub, a few inches high, much branched. Leaves

densely sericeous, with some species of j£cidium gi-owing on them. A sickly specimen probably

belonging to B,. pollens.

8. EOYEXA AiLBiGUA, Vent. Jard. Malm. n. 17 (1803).

B. foliis obovato-eUipticis, obtusis, basi angii^tatis, coriaceis, breviter j^etiolatis ; Jloribus

5

—

~-meris, dicecis; pedunculis nnijlons, fore longioribus ; calyce partito ; corolla urceolatd;

staminibus 10—14, sterilibus {?) ; stylo 5

—

7-{?) lobo.

Alph. DC. Prodr. Tin. p. 214. n. 14 (1844).

Diospyros ambigua, Vent. Malm. t. 17 (1803).

B. polyandra ^. ambigua, Pers. Synops. i. p. 486 (1805).

Diplonema ambigua, G. Don, Gen. Syst. Gard. and Bot. rv^. p. 42 (1837).

Shrub with numerous erect-patent or ascending branches tomentose-pubescent (at least in

wild specimen) throughout, about 3 feet high when in cultivation.

Loaves obovate-elliptical, somewhat narrowed at base and roimded or apiculate at apex,

dull gi-een, sometimes minutely pellucid-punctate, coriaceous, shortly petiolate, 1 to 2 in. long

by i to f in. wide. Petioles -J^

—

^ in. long.

Peduncles (5 ) arching downwards, 1-flowered, bearing 2 (or 3) alternate linear bracts about

their middle, three times the length of the petiole in flower, i to | in. long in fruit. Flowers

not hcrmaphroilite (?), drooping, orange-yellow, slightly scented.

Calyx with 5 (or 6 ?) lanceolate acute partitions.

Corolla uroeolate, 5—7 ?-lobed : lobes rounded, shorter than the tube.

Stamens in 5 flower 10—14 ? shorter than the tube of the corolla, barren.

Style 5—7 ?-lobed. Ovary with 5—7 ? external longitudinal furrows, 10-celled.

Fruit globular, bright pale bro\vn, pubescent, nearly h in. in diameter, sometimes dehiscing

by valves, (in one case) 3-secded. Fruit-calyx accrescent, reflexed, with 5 oblong-lanceolate

partitions i in. long. Seeds oblong, \ in. long, pendulous.
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South Africa. Burke! (in fruit); Ventenat; Ecklon and Zeijher ! 112G, Magalisberg.

Perhaps ought to be united to R. pallens, Thunb., of which Dr Harvey considered it to

be a garden variety.

9. RoYENA NITENS, Harvey MSS.

R. foliis anguste elUpticis, utrinque plus minus angustatis, coriaceis, siibsessilibiis, dense

sericeis, parvis ; pedunculis imifions, semiuncialihus ; cahjce fructifero profunde o-lobo, paiditm

aucto ; fructu ellipsoideo, solitario.

A closely branched shrub about 4 feet high with young shoots and underside of leaves

densely covered for the most j^art with close sericeous persistent pale hairs. Branches terete,

ascending, with dark rather shining cuticle.

Leaves narrowly oval, crowded, narrowed more or less at both ends, coriaceous, dark and

shining above, 1-veined, subsessile, \—| in. long by -^—^ in. wide.

Flowers unknown.

Fruit on the young branches, solitary, on arching pubescent peduncles nearly | in. long.

Fruiting calyx deeply 5-lobed, spreading, rather more than | in. across, with lanceolate lobes

which are about i in. long. Fruit ellipsoiilal, puberulous with very short inconspicuous hairs,

splitting into 5 (?) parts at the apex, i— 1 in. long by \—^ in. thick, 1-celled.

S. Africa. Natal. W. T. Gerrardf n. 1158, February.

10. ROYENA CISTOIDES, "Welw. MSS.

R. foliis anguste ohovatis, apice obtusis et mucronulatis, ad hasiin obtusam angustatis,

utrinque incano-sericeis, breviter petiolatis, margine reflexo ; fructibus solitariis ; pedunculis

fructum fere wquantibus ; calyce fructibus appresso.

A low shrub, 1—li ft. high, branched from the base. Wood very hard, strong. Branches

terete, ultimately glabrate; shoots softly pubescent, erect; the fruiting branches arcuate-

ascending.

Leaves alternate, narrowly obovate, obtuse and mucronulate at apex, narrowed to an obtuse

base, incano-sericeous on both sides, sub-coriaceous, I—li in. long by \—| in. wide, shortly

petiolate ;
margins retlexed ; subvenose beneath.

Fruiting peduncles axillary, solitary, J—| in. long, patent, hairy, 1-fruited. Fruiting calyx

deeply 5-lobed, hairy on both sides, appressed to the fruit, \—f in. long, articulated to the

peduncle, with 10 little pits at the base on the concave surface of the articulation probably cor-

responding to the 10 cells of the ovary ; lobes elliptical, obtusely pointed.

Fruit subglobose, puberulous, of shining golden colour, hard, 8—12-celled, 1— ? in. iu

diameter, often bursting downwards from the apex, 3— 5-seeded. Seeds \ in. long. Albumen

of seeds white, cartilaginous, not ruminated.

Angola, W. Tropical Africa. Distr. Pungo Andongo, 3500 ft. altitude. Dr Welwitsch

!

no. 2532. In sandy thickets between Condo and Quisonde, near river Cuanza. Fruit ripe

in March.
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11. RoYENA GLABRA, Linn. Sp. PI. p. 397 (1753).

R. foliis anguste ellipticis, titrinque angustatis, nitescentibus, suhcoriaceis, suhsessilibus,

glabrescentibus ; floribus pentameris, subhermaphroditis ; pedunculis 1

—

5-floris ; calyce partita,

jmulum accrescente; stylo bilobo ; ovario 4:-loculari.

Alph. DC. Prodr. VIII. p. 214. n. 15 (1844).

Vaccinium pensylvanicum. Miller, Gard. Diet. edit. vi. (1771).

B. myrtifolia, Wendl. ex Steud. Nomencl. Bot. p. 705 (1821), Alph. DC. I.e. p. 215. '^

E. hirsuta, Sieber ! Fl. Cap. Exsicc. n. 94 (1824), non Linn, nee Jaeq. nee Eckl.

R.falcata, E. Mey. ! Zwei pflanz. doc. Drfeg. p. 217 in Flora 1843, Alph. DC. /. c. p. 211. n. 4.

Vitis Idcea cethiopica, myrtinis folio, flosculis dependentibus, Plukn. ' Almag. p. 391.

Phytogr. t. 321. fig. 4 (1696).

Vitis Idsea sethiopica, buxi minoris folio, floribus albis, Commel. Hort. Amstelod. I. p. 125.

t. 65 (1697).

Vitis Idsea foliis angustissimis longis alternis, Linn, in Hb. Hort. Cliff.!

? Buxus africana folio oblongiori non serrato, Linn, in Hb. Gronov.

!

A shrub with erect or ascending branches, 2—C feet high. Stem 5—6 in. thick. Bark thin,

grey, smooth. Wood light, porous, little used except for fuel {Dr Pappe). Young parts pilose.

Leaves narrowly elliptical, usually narrowed at both ends, crowded, subsessile, at length

glabrous, shining above, thinly coriaceous, i—1 in. long by j—J in. wide.

Peduncles about as long as the leaves, bearing 1—5 flowers, hairy ; equal to or longer than

the pedicels, arching. Flowers subhermaphrodite, pentamerous. Bracts lanceolate.

Calyx partite, usually but little accrescent ; lobes lanceolate or subulate, acute, hairy.

Corolla exceeding the calyx, glabrous ; lobes reflexed.

Stamens (9—) 10, not always fertile. Style bilobed, hairy below. Ovary nearly glabrous,

4-celled.

Fruit oblong or globose, thinly glandular-pubescent, ^—| in. long, subtended by the usually

reflexed calyx.

South Africa. Cape of Good Hope. Southern and Western districts.

Robertson!, Drlge!, Sieber! 94, Wallich!, Mund!, Ecldon! 699, Pappe!, Thorn!, Mac

Gillivray! 610, Krauss!, Masson !, Roxburgh !, Niven ! 48, Hb. Avimann !, Xelson!, Forster!,

Thunberg!, Oldenburg!, W. Elliot!, Zeyher ! 3349, Harvey! 572, Burchell! 2, 808, 5093,

5367, 5784, G788, 7186, 7208, 7288, Siekmann!

12. RoYENA PARVIFLORA, sp. nov.

R. foliis obovatis, basi cuneatis, apice rotundatis vel ad apicem emarginatum brevissime

et abrupte angustatis, membranaceis vel junioribus subcoriaceis, petiolatis; fioribiis pentavieris,

liernLnplnoditis, cymosis; calyce depresao-hemispherico, 5-fido, lobis deltoideis; stylo apice 5-lobo;

ovario li)-loculari.
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A large scandent sbruli ^dth terete branches. Young parts and inflorescence softly shortly

and appressedly pubescent. Leaves alternate, obovate, cuneate at base, rounded or very shortly

and abraptly narrowed to an emarginate apex, membranous or the smaller ones subcoriaceous,

green when dry, glabrous and with inconspicuous veins above, somewhat paler delicately veined
and puberulous beneath, 2—G^ in. long by 1—3|in. wide; petiole ^—| in. long. C3Tnes axil-

lary on the j-oung shoots, i—| in. long, bearing 3—5 flowers ; common peduncle ^—^ in. loner

;

lateral pedicels ^—^ in. long, with a narrow bract at base about as long as themselves. Flowers

hermaphrodite, small, creamy-white, articulated at base to pedicel ; in bud depresso-conical, about

I in. high and broad. Calyx depresso-hemispherical, short, .5-fid, with flat base, puberulous out-

side ; lobes deltoid. Corolla much contorted sinistrorsely as regarded from within, shortly

pubescent outside except on imbricated sides of the lobes, glabrous inside, 5-lobed; lobes obtuse,

rounded, ^ths of the depth of the corolla. Stamens 10, hairy, equal, in one row, inserted at base

of corolla. Ovary covered with very short haii-, depresso-conical, 10-celled, cells 1-ovuled ; style

5-lobed ^t apex, shortly ha' rj.

S. Africa, Zulu-land, lucansla. Gei'rard and M'Ken! no. 2015.

13. RoYENA GLANDULOSA, Harvey MSS.

R. foliis ovato-ellipticis, obhisis, hasi rotundatis, subcoriaceis, subsessilibus ; floribus herma-

phroditis, plei'umqiie tetrameris ; pedunculis imifloris ; calyce i-partito; corolld urceolatd;

staviinibiis 8; stylo apice ^-lobo ; ovario 8-locidan ; fructibus ellipsoideis, glanduloso-hispidis.

A large shrub, " with pretty foliage and habit," 8—10 feet high. Young shoots, peduncles

and fruit glanduloso-hispid, subferruginous. Branches spreading. Leaves alternate, ovate-ellip-

tical, obtusely pointed at apex, rounded at or near base, thinly coriaceous or firmly membranous,

ciliat« and pilosulous beneath, J—1 in. long by \—i in. mde
;
petioles about -j^ in. long, hirsute.

Flowers hermaphrodite, axillary on the young shoots, about \ in. long, urceolate, articulated to

the peduncle, tetramerous. Peduncles spreading, 4 in. long, 1-flowered, soUtary. CaljTC pilose

outside, pubescent inside, 4-partite ; lobes \ in. long, lanceolate, acute, rather patent. Corolla

urceolate, glabrous but margin minutely ciliate, deeply 4-lobed ; lobes rounded, recurved above.

Stamens 8, in one row, inserted at base of corolla, short, equal, 2 opposite each lobe of the

corolla, pilose ; filaments short. Ovary hairy (except perhaps at middle), 8-celled ; style hairy,

4-lobed and glabrous at apex. Fruit ellipsoidal, scarcely Mn. long by ^in. thick, glandular-

hispid. Fruiting cal)'x much enlarged, a in. long, loosely enclosing the fruit or reflexed, 4-partite;

lobes ovate-oblong, foliaceous, reddish when dry, about S-nerved inconspicuously.

Rarely a flower is pentamerous.

S. Africa, Port Natal, Tugela. Gerrar'd and M'Ken ! no. 1608.

Plate II. Flowering and fruiting branches, natural size. a. Peduncle, magnified 5 dia-

met&rs. b. Hair of peduncle, magnified 30 diameters, c. Flowering calyx, magnified 5 dia-

meters, d. Interior of corolla with stamens, laid open, magnified 5 diameters, e. Stamen,

magnified 15 diameters, f. Pistil, magnified 5 diameters. g. Transvei-se section of ovary,

magnified 5 diameters.

Vol. XII. Paet I. 12
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Excluded and Nominal Species.

Royena latifolia, Willd. Enum. pi. Berol. SuppL p. 23 (1813). Name only. Cfr. R. sessi-

lifolia.

Royena media, Hort. ex Steud. NomencL bot. edit. ii. vol. ii. p. 4-75 (184-1). Name only.

Cape of Good Hope.

Royena polyandra, Linn. fil. Suppl. p. 240 (1781) = Eudea polyandra, E. Mey.

Royena (sp.) n. 1.5, Eckl. and Zeyh. ex Harv. and Sond. Fl. Cap. i. p. 71 (1859—60)

= Aberia tristis, Sond.

Royena 9140, Dreg, ex Alph. DC. Prodr. viil. p. 216. n. 4 {\S^4i}= Eudea coriacea

Alph. DC.

II. EUCLEA, Linn. Syst. Nat. edit. xin. p. 747 (1774), non Lour.

Flores diced, rarius j^olygami, 4

—

l-meri, racemosi vel paniculati. Calyx non accrescens.

Corolla campanidata vel tirceolata, lobis in prctfioratiort^ sinistrorse contortis.

Flos Masculus : Stamina 10—30, sapius geminata. Ovarium plerumque abortivum.

Flos Femineus: staminodiaO, rarius 2—4. Ovarium 4<-loculare, rarius 2- vel Q-loculare;

ovula in loculis solitaria, rarius bina in ovariis bilocularibus. Fnidus p)arvxLS, swpius 1-

locularis et 1-spermus.

Frutices vel rarius arbores Africaui, foliis altemis vel oppositis vel rarius in tribus verti-

cillatis, cymis axillaribus.

Alpli. DC. Prodr. viii. p. 215. n. n. (1844).

Padus (sp.) Burni. Rar. Afric. pi. p. 238. t. 84. f. 1. (1738).

Royena (sp.) Linu. fil. Suppl. p. 240 (1781),

Celastrus (sp.) Tliunb. FL Cap., pars post., p. 115 (1800).

Diphnema G. Don, Diet. Gard. and Bot. iv. p. 42 (1837).

Myrsine (sp.) Hochst. in PI. Schimp. Abyss, exsicc, sect. i. n. 159 (1840).

Rymia Endl. gen. pi, n, 4250 p. 743 (1835—40).

Kellaua Alph, DC. in Ann, Sc, Nat. ser. ii, vol. XVl. p. 96 (1841),

Brachycheila Harv. in Linnsea XX, p. 192 (1847),
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Dicecious or occasionally polygamous. Calyx campanulate or small and flattish, 4—7-lobed,

usually 4—5-fid ; lobes lanceolate ovate or deltoid ; not accrescent. Corolla campanulate or

hemispherical, 4—7-lobed, 4—5-fid or -partite or -lobed only near the apex.

<5 Stamens 10—30, usually 12—20, either free or in pairs or combined at base of

filaments, in one or two rows, inserted at base of interior of tube of corolla or hypo-

gynous or partly in both ways, sometimes inserted on an hypogynous ring ; anthers hairy

or glabrous, oblong or lanceolate, 2-celled, dehiscing laterally ; filaments short, usually

slender and glabrous. Styles 1—2. Ovary usually abortive.

$ Staminodes usually absent, sometimes 2—4, glabrous; anthers 0. Styles 2 (or 1, bifid),

usually glabrous, rarely 3 ; stigmas emarginate or bifid at apex ; ovary ovoid or globular, hairy

or glabrous, usually 4-celled, rarely 2- or C-celled ; ovules 4, or rarely 6 when the ovary is

6-celled, pendulous. Fruit globular or rarely ovoid-conical, usually 1-celled and 1-seeded
;

peri-

car)^) fleshy. The fruit is edible and is called Guarry. Seed globular, usually marked outside

by 3 longitudinal depressed lines. Albumen cartilagiuous, usually with a normal intrusion of

the testa at the micropyle, distiuctly ruminated in a few species; embryo usually some-

what curved with its concavity towards the centre of the seed, tending to be incumbent

;

radicle superior, about as long as the foliaceous cotyledons. Flowers in axillary racemes or

rarely in panicles or solitary.

African shrubs or trees with alternate or opposite leaves, or rarely verticillate 3 together.

Leaves quite entire except E. ovata and E. coriacea in which they are sometimes minutely

or obscurely crenulate ; usually coriaceous, often obovate, not acuminate except in E. ovata,

evergreen.

The name is derived from the Greek ev/cXe/a, glory, in consequence of the beautiful

evergreen foliage.

12—2
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EUCLEA. Key to the Species.

Ovary haiiy. Stamens 15—30.

Corolla 4—7-lobed only at apex.

Leaves elliptical or obovate, flat or nearly so, not or very rarely cordate at base.

I—Ih in. louQ;. E. polyandra.

E. tomentosa.

E. coriacea.

Stamens 20—30. <J racemes

Stamens 18. (J racemes short.

Leaves ovate, subcordate, wavy. Stamens 16—17

Leaves linear or lanceolate, flat, not cordate at base.

Flowers pentamerous or hexamerous. Leaves not falcate.

Leaves oblong-lanceolate, about ^in. wide, apiculate. 4. E. acutifoUa.

Leaves linear or linear-lanceolate, about -j^

—

\ in. wide.

Lower leaves obtuse, not apiculate. Flowers nearly glabrous. 5. E. lancea.

E. jiseudebenus.

E. linearis

6.

E. lanceolata.

E. ovata.

E. divinorum.

E. vmltiflora.

E. fructuosa.

E. natalensis.

Leaves apiculate. Flowers hairy.

Flowers tetramerous or rarely pentamerous. Leaves falcate. 7.

Corolla 4—5-fid or -partite.

Fruiting caljrx-tube receiving the base of the fruit.

<J Flowers racemose, 3—9 togethei-.

Leaves quite entire, obtuse or subacute. 8.

Leaves minutely crenulate or acutely apiculate. 9.

Flowers panicled or many together.

Leaves glabrous, subglaucous, opposite. 10.

Leaves pubescent or not glaucous, alternate. 11.

Fruiting calyx-tube consolidated and articulated to thickened pedicel.

I

Fruits many together. Albumen not ruminated, 12.

I

Fruits 8—4 together. Albumen ruminated. 13.

Ovary usually glabrous or chiefly so. Stamens 10—18 usually about 12.

Leaves flat or nearly so. Ovary quite glabrous or rarely pubescent all over.

Racemes dense. Leaves usually opposite or verticillate 3 together. Ovary 2—6-celled.

Leaves obovate. Ovary 2-celled. Staminodes 0. 14. E. hiloculaj'is.

Leaves obvate-oblong. Ovary 2-, 4-, 6-celled. Staminodes 0. 15. E. macrophylla.

Leaves oblanceolate-oblong. Ovary 4-, 6-celled. Staminodes 0-4. 16. E.daphnoides.

Male racemes lax. Leaves subopposite or alternate. Ovary 4-celled.

Ovary glabrous. Staminodes 0. Abyssinian. 17. E. Kellau.

Ovary pubescent or rarely glabrous. Staminodes 2—4. S. African. 18. E. racemosa.

Leaves wavy or very small. Ovary haiiy at base, glabrous above. 19. E. undidata.

1. EuCLEA POLYANDRA, E. Mey. Cat. PI. exsicc. Afr. Austr. Dreg. p. 7 (1837).

E. foliis ellipticis, alternia vel suhoppositis, obtusis, basi subarigustatis rotundatis vel raris-

sime cordatis, breviter petiolatis, coriaceis, planis ; cymis racemosis ; fioiihus o—'J-meris, dicecis,

corolld apice lohatd ; staminihus 20—30, in floribus femineis (I ; ovario hirsuto.

Itoyena j)olyandra, Linn. fil. Suppl. p. 240 (1781), nou Willd. lib. n. 8366

;

Diplonema elliptica, G. Don, Gen. Syst. Card, and Bot. iv. p. 42 (1837);

Bymia jwlyandra, Endl. Cat. hort. Acad. Vindob. II. p. 123, n. 4583 (1843) ;

E. elliptica, Alph. DC. Prodr. \iil. p. 216. u. 1 (1844)

;
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E. Dr^geana, Alpli. DC. I. c. u. 2

;

£. ferruginea, Bernh. iu Flora xxvii. ii. p. S25 (1844.)

;

E. j)ii^escens, Eckl. et Z^jh. in Linnsea xx. p. 192 (1847)

;

Brachycheila pubescens, Harv. ex Eckl. et Zeyh. I.e.

A shrub 3—7 feet high, pube.scent often ferruginous but sometimes glabrescent at

least in the male plant, dicecious. Branches terete or subterete, alternate or subopposite.

Leaves more or less elliptical, alternate or subopposite, more or less obtuse at apex, some-

what narrowed, rounded, or even in rare cases cordate at base, coriaceous, quite entire,

flat, shortly petiolate, 1—3 in. long by h—li in. wide
;

petioles ^l—^ in. long.

S . Cymes racemose, axillarj', pubescent, 3—9-flowered, usually drooping, i—U in. Ion"
;

pedicels -^—i in. long, the lower ones the longer ; bracts lanceolate, caducous. Flowers a iu.

long, urceolate, 5—7-merous, pubescent Calyx ^—J„in. long, glabrous inside; lobes lanceolate

or deltoid. Corolla urceolate, lobed only near apex. Stamens 20—30, more or less united at

base in pairs or otherwise, hairy. Ovary more or less abortive, with two slender styles.

? . C}Tiies usually 3- rarely 4—o-fiowered, axillary, -^—\ in. long, pubescent or tomen-

tose, usually drooping
;
pedicels short; bracts caducous. Flowers a in. long, ellipsoidal, 5—7-

merous. Calyx shorter than the corolla, 5—7-fid ; lobes ovate or deltoid. Corolla shortly

lobed at apex. Staminodes 0. Ovary ovoid-conical, hairj', 4-ceUed, 4-ovuled, yu i^- ^^^S> sur-

mounted by 2 short styles glabrous above which just appear at the mouth of the corolla.

Stigmas emarginate. Fruit usually solitary, occasionally 2—3 together, tomentose, tisually

ferruginous, globular I—i in. in diameter, 1-ceUed, 1-seeded. Seed globular ; albumen some-

what ruminated.

The shrab is called Kersse-hosch by the natives in South Africa.

Frequent in S. and SW. districts of Cape Colony up to 2000 ft. alt. Masson ! ; Niven ! 47,

53; n. C. Alexander!; Burchell! 4807?, 4873?, 4998?, 6941; Ecklon! 727; Krauss; Zeyhei-J

3362, 3363, 3364; Drege!

2. EuCLEA TOMENTOSA, E. Mey. Cat. PL exsicc. Afr. Austr. Dreg. p. 7 (1837).

E. foliis alternis, ellipticis, basi cuneatis, apice obtusiiisculis vel obtuse angustatis, tovieii-

tosis, planis, c&i-iaceis, hreviter petiolatis ; cymis breviter racemosis, 1

—

8-floris ; floribus 5—7-

meris, dioecis; corolla apice lobatd; staminibus 18, in floribus femineis 0; ovario tomentoso,

i-loculain.

Alph. DC. Prodr. viu. p. 216. n. 3 (1844).

" E. Kraussiana Bernh. in Flora xxvii. ii. p. 824 (1844).

A shrub about 4 feet high or more with dark brown bark and branches cinereo-

tomentose at the extremities. Leaves alternate, elliptical, in most cases obtusely pointed

or mucronate at apex and wedge-shaped or obtusely nan-owed at base, coriaceous, tomen-

tose, shortly petiolate, 1^—Ifin. long by i—|in. wide; petioles ^—jiyin. long.

^. Cymes racemose, axillary, few—8-flowered, much shorter than the leaves, pedicels

rather loDc^er than the flowers, crowded. Stamens 18, free or somewhat connate at the base.
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9 . Cymes tomentose, densely racemose, axillary, 1—several-flowered, pendulous, shorter

than the leaves; pedicels Jj in. long. Flowers lin. long, 5—7-merous, when solitary with

numerous imbricated caducous bracts on the short peduncle. Corolla ^ in. long, shortly lobed,

villous outside, glabrous inside, urceolate or campanulate, nearly 3 times the length of the

calyx. Staminodes 0. Ovary tomentose, 4-ceUed, 4-ovuled. Styles 2, nearly glabrous. Fruit

solitary, on peduncle -^^^—l in. long, pubescent erect or erect-patent. Immature fruit ovoid,

somewhat conical at apex, incano-tomentose, 4-celled, |—Mn. long by I
—j^m. thick.

Fruiting calyx 5—7-fid, very tomentose, shallow, lobes deltoid.

Called Kersboschjes also Faxhdls-bosch by the natives in South Africa.

Occurs in Western districts of Cape Colony up to 2000 ft. alt. Masson! ; Dregef;

Krauss; {1)BurcJiell/ 987. Namaqualand, Wliitehead!

3. EUCLEA CORIACEA, Alph. DC. Prodr. Vlll. p. 216. n. 4 (1844).

E. foliis ovatis, altertiis, plerumque acutis, apiculatia, basi latis et subcordatis, subgla-

brescentibus, breviter petiolafis, undatis ; cymis densis, S 1—2-floris, $ S—7-flons ; flonbus

5—G.meris, dicecis; corolla apice lobatd; staminibus 16—17; fructibus globosis, subglabratis.

Euclea n. 9140, E. Mey. Zwei Pflauz. Doc. Dreg, in Flora XXVI. ii. p. 48(1843).

Eoye7ia n. 9140, Dreg, ex Alph. DC. I.e. (Hb. DC!).

A dense shrub with strong dark-cinereous branches. Young parts and inflorescence slightly

pubescent. Leaves alternate, ovate, more or less acute, apiculate, wide and subcordate at base
;

coriaceous, pubescent, nearly glabrescent, without evident veins above, veined and duller

beneath 1 2 in. long by i—liin. wide; margins wavy, sometimes obscurely crenulate;

petioles ranging up to iin. long. Bracts ovate, small, caducous.

i Flowers ^in. long, axillary, 1—3 together, crowded; pedicels shorter than the flowers.

Calyx 5 6-fid ; lobes ovate, acute. Corolla urceolate, 4 times the length of the calyx, 5—6-

lobed at the apex. Stamens 16—17, sometimes in pairs; anthers linear lanceolate, silky at the

back. Ovary rudimentary.

$. Flowers 3—7 together; peduncles very short; pedicels ranging up to ^in. long. Calyx

(in fruit) 5—6-fid, nearly flat, stellate, a in. in diameter; lobes ovate or lanceolate, acute.

Fruit globose, J—|in. in diameter, subglabrate or minutely puberulous, 1-celled, 1-seeded;

seeds subglobose, about ^ in. in diameter, marked outside with depressed curved lines ; testa

intruded into the hard ruminated albumen.

East-midlanil districts of Cape Colony, S. Africa. Tafelbcrg, DrPge/, in moist and rocky

places, GOOO—7000 ft. alt. (in ^ flower, December) ; side of Mount Oudeberg near Graaff Reinct,

4.500 ft. alt., November, Bolus ! n. 038 (in fruit).

4. Euclea acijtifolia, E. Mey. Cat. PL Exsicc. Afr. Austr. Dreg. p. 7 (1837).

E. foliis alternis, oblongo-lanceolatis, apiculatis, conaceis, glabris, basi cuneatis, subsessili-

bus ; cymis femineis dense racemosis ; calyce 6-lobato ; corolld apice lobatd ; ovano dense pilose;

fructibus dense racemosis, globosis, glabrescentibus.
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Alph. DC. Prodr. vill. p. 217. n. 5 (1844.).

Shrub with glabrous leaves and branches. Leaves oblong-lanceolate, apiculate, thickly

coriaceous, alternate, cuneate at base, subsessile, erect, subglaucescent, 1|—2^ in. in length by
about J in. in width.

? . Fruit densely racemose on cymes J In. long
;

pedicels very short, 3—7 ; flowers

i in. long, cyliudrico-urceolate, pubescent, pentamerous. Calyx short. Corolla lobed at apex.

Ovary densely pilose; styles 2, erect, glabrous; stigmas dilated. Fruit globose, glabrescent,

finely netted, dark, |—i in. in diameter. Fruit-calyx very small, with G or more lobes ; seeds

unequally divided by three depressed lines ; albumen slightly ruminated.

South Western districts, Cape of Good Hope. I have seen this plant only in fruit. The
flower is unknown. Between Vierentwintig-rivier and Pikenierskloof on the plain, under

500 feet, January, Drige! ; EcMon and Zeijher!

5. EUCLEA LANCEA, Thunb.! Prodr. PI. Capens., pars posterior, p. 85 (1800).

E. foliis alternis, lineari-lanceolatis vel obtanceolatis, inwqualibus, inferiorihus apice rotun-

datis superiorihus acutis, subsessiUbii-s, glahris; cymis 3-Jloris ; floribus subhermaphroditis
(J),—Q-meris ; corolla apice lobatd, subglabrd ; staminibus 15 ; ovario hirsuto.

Alph. DC. Prodr. viii. p. 219. n. 16 (1844).

A glabrous shrub, ei'ect, 3 ft. or more high. Branches alternate, terete, erect-patent

Leaves alternate, subsessile, linear-lanceolate or -oblanceolate, unequal, the lower ones rounded,

the upper acute at the apex, attenuate at base, coriaceous, 1—2 in. long by about ^ in. wide,

entii-e, inconspicuously reticulato-venose. Flowers axillary, " in 3-flowered cymes," very nearly

glabrous, urceolate, | in. long by ^ in. wide (imperfectly hermaphrodite ?). Calyx short, ^ in.

high by -^ in. wide, obscurely 5—6-lobed, coriaceous. Corolla 5—6-lobed at apex, shortly

ciliate, imbricated in aestivation. Stamens 15, alternately (?) in pairs and single; the pairs

consisting of 2 equal or unequal anthers placed back and front on a common filament or

combined by their filaments, alternating with the corolla-lobes. Anthers pointed, -with short

patent pale setse on upper half, dehiscing laterally; filaments dark glabrous slender, shorter

than the majority of the anthers, mostly inserted at the base of the corolla. Ovary hairy,

•Jj- in. wide and long, ovoid-conical, rudimentary or 4-celled ? and -ovuled ? Styles 2, glabrous,

erect ; stigmas punctiform, emarginate at apex.

Cape of Good Hope. Thuiiberg

!

Near E. pseudebemts, E. Meyer, but differs by its obtuse lower leaves and nearly glabrous

corolla; it may possibly include E. pseudebenus as a form of the same species.

6. EucLEA PSEUDEBENUS, E. Mey. Cat. PL Exsicc. Afr. Austr. Dreg. p. 7 (1837).

E. foliis alternis, linearibus vel lineari-lanceolatis, apiculatis, glabris, hreviter petiolatis;

cymis inasculis racemosis 3

—

7-foris, femineis parvis 1—Z-floris ; foribus dioecis, plerumque

o-meris; corolla, pubescente, apice lobatd; staminibus 16— 22, in flore femineo 0; ovario

pubescente, i-loculari.
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Alph. DC. Prodr. viir. p. 217. n. 7 (1844).

E. rigida, E. Mey. I. c, Alph. DC. I. c. n. 6.

E. angustifolia, Benth. Niger Fl. p. 441 (1849). Leaves and branches glabrous or pu-

bescent. Leaves linear or linear-lanceolate, apiculate, erect or patent, alternate, coriaceous

very shortly petiolate, crowded, 1—2| in. in length by -^—\ in. in width
;

petioles ^— i in. in

length.

(5. Cymes racemose, hairy, bearing 3—7 flowers, erect or erect-patent, i—| in. in

length
;

pedicels slender, Jjj—i in. in length ; flowers -^—i in. in length, puberulous or

incano-pubescent, usually pentamerous, rarely hexamerous ; calyx v\ith deltoid lobes reaching

half way down; corolla lobed at apex; stamens 16—22, with a few bristles on the lanceo-

late anthers or glabrous ; filaments more or less combined at the base, inserted around base

of rudimentary ovary.

9 . Flowers soUtary or two or three together, or in small cymes, \ in. in length, pen-

tamerous
;
peduncles ^—i in. in length, not drooping. Stamens ; styles 2 ; ovary 4-celled,

pubescent; fruit 1-celled, 1-seeded, glabrescent, globular, 4 in. in diameter; albumen not or

scarcely ruminated ; fruit edible, fleshy, sweet and slightly astringent ; seeds marked by three

depressed lines.

There are three forms of this species according as the plant is glabrous with linear

leaves, pubescent with linear leaves, or glabrous with linear-lanceolate glaucescent leaves.

The two latter forms belong to E. angustifolia, Benth. and E. rigida, E. Mey. respectively.

It is known by the names of Orange river ebony, black ebony, zwartebbenhout, and

.sueezewood. It is a large shrub, 6—8 ft. high or a tree, the heart-wood of which is extremely

hard and black. It occurs in the western districts of South Africa, up to an elevation of

4000 ft., and reaches the tropics. Dregef ; Niven! n. 46. Namaqualand, Dr Atherstone! n. 2;

Wyley! S. \V. Tropical Africa, lat. 23°, Chapman and Baines!; Ciirror! ; Angola, Distr.

Mossamedes, shrub, o—8 feet high, flowers white, dioecious, fruit the size of a pea, edible,

glaucous-bluish (as in Juniperus communis), called by the natives (as also Eiiclea lanceolata)

Emholo, quite frequent in thickets and woods in company with Tamanx and Cordia near

the rivers Bero and JIaiombo, Dr Wehuitsch ! nos. 2543, 2.544,

Note. This species may prove identical with E. lancea, Thunb.

7. EucLEA LINEARIS, Zeyher in Limiiea xx. p. 192 (1847, sine descriptione).

E. foliis ulternis suboppositis vel oppositis, linearihus, acutis, falcatis, mtvierosis, sessilibiis,

glahi-is ; cymis racernosis, 3

—

7-Jloris ; florihus dicecis, tetrameris ; corolla hreviter 4-Jidd ;

slaminihus 16, in jlore femineo ; ovario hirsuto.

Plant quite glabrous and subglaucous, dioecious, 2i—8ft. high. Branches numerous, at

about 35° with stem. Loaves alternate opposite or subopposite, linear, acute, usually some-

what falcate, sessile, numerous, 1 to 2i in. in length by -,L in. in width. Cymes racemose,

bearing 3—7 flowers, <J ] to I in. in length (excluding flower), usually drooping; ? ^ to J; in.

in length, pedicels not exceeding y'jj in. in length, less on the i plant, opposite or alternate,

falling short of or equalling the bracts ; bracts at base of pedicels, caducous.
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£. Flower ^ in. in length. Calyx small, flattish, 4-fid. with wide lobes. Corolla barrel-

shaped, 4-lobed, many times higher than calyx; lobes about \ depth of corolla, not reflexed,

semi-circular and imbricated in flower. Stamens IG, the few inner ones smaller, glabrous or

nearly so, -J^—J^ in. long ; anthers oblong, 2-celled, dehiscing laterally, thick ; filaments very

short, thinner than anthers, inserted with corolla. Ovary rudimentary, slightly haiiy, terminated
by 1 or 2 styles.

9 . Bracts linear, rather longer than pedicel ; flower about -^ in. in length. Calyx

campanukite, ^ in. in height, 4-lobed; lobes not quite half the depth of the calyx, mth
intervening sinuses in the form of arcs of circles. Corolla openly campanulate, shortly 4-fid,

with spreading not reflexed oval or ovate lobes, Jg in. in length ; stamens 0. Ovary ellipsoidal,

hairy, terminated by 2 thick glabrous styles, -^^ in. in height ; styles -^-^ in. long, erect, con-

tiguous, dilated, and emargiuate at apex ; ovary 4-celled, 4-ovuled, two of the septa being very

slender, namely, those opposite the styles.

Rarely a flower is pentamerous.

We.stern districts of Cape Colony, South Africa. Zeyherf 1125, Windhoek, Olifant River;

Burke/ Great Fish River.

8. EucLEA LANCEOLATA, E. Mey. Cat. PI. Exsicc. Afr. Austr. Dreg. p. 7 (1837).

E. foliis alternis vel oppositis, lanceolatis ovatis vel angusti. ellipticis, apice obtusis vel

subacutis, plerumque undulatis et basi in petiolum brevem angustatis, hitegerrimis ; cyniis race-

mosis, 3

—

9-foris ; floribus dicecis, 4- raro 5- meris ; calyce campamdato ; corolla 4

—

5-fidd;

staminibus 16— 17, in fore femineo ; ovario hirsutissimo.

Alph. DC. Prodr. Vlii. p. 218. n. 12 (1844).

E. ochrocarpa, E. Mey. Zwei Pflanz. Doc. Dreg. p. 184 ; in Flora, 1843 ; Alph. DC. I. c.

p. 217. n. 9.

E. desertorum, Eckl. and Zeyh. in Linnsea xx. p. 192 (1847).

Pubescent glabrous or glaucescent shrub or tree, ranging up to 20—25 feet high and

trunk up to 10—15 inches thick ; dioecious ; branches terete, at 30°—45°; young shoots angular.

Leaves lanceolate ovate or narrowly elliptical, alternate or opposite, coriaceous, obtuse or

subacute at apex (very rarely acute), more or less undulating at the entire margins, often

narrowed at base into the short petiole, 1—3 in. long by ^—l^o in- wide
;
petioles J,— in.

long. Inflorescence racemose, often with leaf-like bracts.

(J. Racemes ^— 1 in. long, 3—9-flowered ; occasionally two racemes proceed from the

same axil
;

pedicels -^—^ in. long. Flowers usually tetramerous, occasionally pentamerous,

jjj 3^ in. long. Calyx widely campanulate, small ; lobes deltoid, about half the length of

the calyx. Corolla campanulate ; lobes ovate or oval, about half the length of the corolla,

somewhat pubescent outside. Stamens 16—17 (very rarely 8—10), mostly inserted in pairs

at base of corolla, shorter than the corolla ; anthers hispid or nearly glabrous, as long as the

slender filaments. Ovary rudimentaiy, hirsute; styles 2, glabrous.

2 . Racemes J in. long, pubescent, 3—5-flowered
;

pedicels f^ in. long. Flowers tetra-

merous or pentamerous. Calyx and corolla as in the male plant. Staminodes 0. Ovary sub-

globose, very hirsute, 4-celled ; styles 2, glabrous, as high as the corolla. Fruit globular, -] in.

A^OL. XII. Part I. 13
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in diameter, pubescent or glabrescent, 1-celled, 1-seeded. Testa intruded some distance into

the albumen.

A veiy variable species, and in some cases difScult to separate from E. ovata, Burcli., to

which possibly it ought to be united ; it is also nearly related to JE. divinorum. It is called

Omgwali by the Kaffirs, according to Br Pappe.

South Africa; Cape Colony, Namaqualand, Natal and Trans-Vaal ; common. Massonl;

Burchell! 4880,4938,564.8; Drige!; Ecklonf 1123. Vitenhage, Harvey / 575,690; Zeijher!

3355,3357,3359?; Bothasberg, in stony places at 2000 ft. alt. Mac Oman! 902; Bniintjies

Hoghte, 4000 ft. alt. Mac Owan! 1740; Albany, T. Williamson!; Caffraria, Botuker ! 324;

Namaqualand, Drhge!; Natal, Gerrard! 33,528, 1155, 1156, 1605; Macalisberg, Trans-Vaal,

Burke !

Br Welwitsch has collected the following forms from Benguela:

a. Leaves glabrous and .shining, young ones lepidote; branches spreading.

Benguela, Distr. Bumbo, 15° South Latitude, 2000 ft. altitude ; shrub, S ft. high, in thickets
;

in male flower at end of October ; Br Welwitsch ! n. 2548. Distr. Mossamedes ; much branched

shrub, 5—8 ft. high, branches occasionally 3 or 4 together; $ flowers of pale rose-colour;

frequent in rocky places near the river Meriombo in company with Tamarix articulata and

Ximenia americana, from Pedra de Rei almost to Bumbo; Br Wehvitschf n. 2547. Distr-

Huilla ; shrub 4—6 ft. high, with rather rigid and tortuous ramification ; 9 flowers fallen

;

ovary hairy ; at margins of woods between Mumpulla and Nene, at end of October ; Br

Welwitsch ! n. 2549. Distr. Benguela ; shrub 4—6 ft. high, with virgate usually opposite

branches ; in maritime thickets near the city of Benguela ; fruit in middle of June ; Br

Welwitsch/ n. 2545. Distr. Mossamedes; shrub, occasionally arborescent, 7—12 ft. high, ever-

green ; frequent in sandy and rocky thickets very near the river Bero ; July ; native name

2iboto or Eniboto ; fruit edible, berries red; Br Welwitsch! n. 2546.

jS. Leaves and shoots pubescent. Branches ascending.

Benguela, Distr. HuiUa; small shrub 1—li ft. high; flowers white; in somewhat stony

thickets near Mumpulla, not unfrequent; male flower in October; Br Welwitsch! n. 2550;

Cfr. E. ovata, Burch. Distr. Huilla; small shrub 1—1^ ft. high, subctespitose ; frequent in

steep pastures on right bank of river Lopollo in company with small myrtaceous plants ; flowers

in November, fruits in February; Br Welwitsch! nn. 2551, 2552.

The following two specimens may also belong to this variable species:

Distr. Huilla ; a small shrub, 6—8 in. high, from a woody base ; fruit dark purple, edible,

^ in. in diameter ; in moist sandy thickets on the right bank of the river Lopollo in com-

pany with small species of Eugenia and Celastrus ; fruit in January ; Br Welwitsch ! n. 2553.

Arborescent shrub ; in thickets on the sides of large rocks ; Pedras do Guinga, Angola. Distr.

Pungo Andongo; March, in young fruit; Br Welwitsch! n. 1247.

9. EUCLEA OVATA, Burch. Trav. Int. S. Afr. I. p. 387 (1822).

E. foliis ellipticis vcl acnti ovatis, oppositis vel alternis, plerumque apiculatis, hreviter

petiolatis, rigidis, margine planis et minute cremdatis vel undulatis et integerrimis ; cymis

racemosis, 3

—

7-Jloris ; florihus suh-dicecis vel polygamis ; calyce depresso-campanxdato ; corolla
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4

—

5-Jidct ; staminibus 16 vel 20, in Jloribus suh-hermaphroditis cirdter 12; ovario hirsuto

;

fructibus globosis, primum pubescentibus, demum glabris.

Alph. DC. Prodr. viir. p. 218. n. 13 (1S44).

Celastrus crispus, Thunb. Fl. Cap. edit. ii. vol. ii. p. 115 (1820). Cfr. Sond. in Harv.

et Sond. Fl. Cap. i. p. 4G1 (1859—60).

X rufescens, E. Mey. Cat. PI. Exsicc. Afr. Austr. Brhg. p. 7 (1837).

Royena rufescens, E. Mey. Cat. PI. Dreg. p. 154 (Flora, 1843).

A densely leafy shrub pubescent or sometimes glabresceut, 3—7 ft. high ; branches terete,

at 50°—60°. Leaves opposite or alternate, elliptical or narrowly ovate, usually apiculate, acute

or obtuse, coriaceous, shortly petiolate, minutely crenulate or quite entire, flat or undulated,

1—2 in. long by \—1 in. wide
;

petioles ^—J^ in. long. Eacemes 3—7-flowered, at length

drooping, ^5—| in. long
;
pedicels -^—^ in. long ; flowers tetramerous or occasionally penta-

merous, sub-dioecious or polygamous, pubescent, -^—^ in. long. Calyx shortly campanulate

;

lobes deltoid. Corolla campanulate, 4—5-fid. Stamens 16 or 20, in subhermaphrodite flowers

about 12, haii-y; filaments slender, glabrous. Styles 2, glabrous; ovarj' hirsute, globose or ovoid,

(2—) 4-celled.

Fruit globose, black, of the size of a pea, at first pubescent but at length glabrous.

The flavour of the fruit is pleasant with a little astringency and perfectly wholesome.

The variety with undulated leaves 20 stamens and less deeply divided corolla [E. ru-

fescens) much resembles E. coriacea, Alph. DC.

Occurs in midland districts of Cape Colony • and northwards into the Kalihari region ,

of South Africa. Burchell! 1706, 2487—2, 2487—7, 2542, 2920, 3058—1, 3058—2, 3102;

Drege

!

10. EUCLEA DIVINORUM, sp. nov.

E. foliis ellipticis, oppositis, a medio utrinque angustatis, obtusis, breviter petiolatis, suprd

glaucescentibus, undulatis; cymis masculis conferto-racemosis vel-paniculatis ; floribus 4

—

5-meris,

dicecis ; corolla profunde 4

—

o-loba; staminibus 16.

Shrub, 'nearly glabrous and somewhat glaucous, with opposite or subopposite leaves and

branches; branches terete, making 30°—40° with the stem. Leaves elliptical, narrowed more

or less from the middle towards both ends especially towards the base into the short petiole,

obtuse, coriaceous, glaucescent above, reddish and somewhat farinaceous beneath ; margins

undulated; veins inconspicuous; Ii—2iiu. long by i—fin. wide; petioles about iiu. long.

Bracts small, shorter than the pedicels, caducous.

Male flowers in crowded racemes or panicles, about 10 or more together, globular in

bud, hemispherical when expanded, tetramerous or pentamerous. CjTiies not exceeding j^in.

long by ^in. broad, usually erect; pedicels about yVin- ^^ng, spreading. Calyx J^in. high,

4 5.fid; lobes small or depresso-deltoid. Corolla deeply 4—5-lobed, with a few whitish

appressed hairs outside especially along the middle of the lobes, nearly glabrous inside ; lobes

rounded. Stamens 16, not in pairs, J^i"- l^t^g- ''^^ ^"S^ ^^ *'^® expanded corolla; anthers

oblou!?. halrj- ; filaments shorter, glabrous. Ovary rudimentary, consisting of an ovoid bunch

of hairs.

13—2
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Female plant unknown. Called by the natives in Batoka country Matlakula, Mosakola,

where it is the medicine of the di\'iners being mbbed in the hands.

South Tropical Africa, Victoria Falls, Dr Kirk! ; Delagoa Bay, Fm^bes

!

11. EUCLEA MULTIFLORA, sp. UOV. PLATE III.

E. foliis ellipticis vel ohhnyis, apice rotundatis vel ohtusis, baai svbangustatis, altemis

vel raro suhoppositis ; cr/mis 2>roesertim mascuKs panicidatis, multifloris ; florihus polygamis,

5- raro 6-7)ieris ; calyce campanulato ; corolla profunde lohatd; staminibus numero corolla

loborum quadruplis, in fiore femineo ; ovario hirsuto.

Pubescent subglabrous or even subglaucous shrub, usually subfeiTuginous, polygamous

but usually dioecious, sometimes hermajahrodite, 2—10 ft. high. Branches usually angular near

the extremities. Leaves elHptical or oblong, usuallj- rounded or obtuse at apex and somewhat

narrowed at base into the petiole, coriaceous, alternate or rarely sub-opposite, often dark and

shining on the upper surface ; veins usually not conspicuous ; margins undulated or plane

;

1—4 in. in length by -^—1 in. in width
;

petiole f^—^ in. in length. Flowers especially the

male ones paniculate, sometimes as many as 30 in one panicle, variable in size, tetramerous

or pentamerous or rarely hexamerous. Calyx camjDanulate, hairy, with ovate or deltoid lobes

extending about half way down the calyx. Corolla about twice as long as the caljTC, dai'k,

deeply lobed ; lobes oval usually with a hairy keel outside. Stamens 4 times as numerous

as the lobes of the corolla in the male or hermaphrodite plants, none in the female plant,

subglabrous or somewhat hairy, in pairs inserted at base of corolla or around base of ovary,

outer ones longer, enclosed in corolla ; filaments glabrous. Ovary in male flowers often abor-

tive, in female or hermaphrodite flowers globular, hairy, 4-celled, cells 1-ovtiled ; styles 2,

glabrous or nearly so, included within the corolla.

A variable and widely distributed plant. Flowers in August and fruits from September

to October. Fruit at first pubescent, in most cases ferruginously so, subsequently black and

glabrous, globular, -njin. in diameter, 1-celled, 1-seeded. Embryo curved and tending to be

incumbent.

Cape of Good Hope, Natal and Angola.

Wallichf; ?Bergius/; Zfylier! 707,778,3301; Grahamstown, Mac Oivan! ; BurcheU,

3510, 3572, 3980 (seeds consumed by a species oi Apion), 4835; Albany, 2liss Bowker!;

Eastern districts, Hutton ! ; British Kaffraria, Cooper / 44 ; Clanwilliam, Zei/her / / Natal,

Gueinziitsf, Cooper/ 1253, Oerrardf 92, 699.

Bcnguela, Distr. Huilla, Dr Welwitsch ! n. 2557, arborescent shrub 5—8, sometimes

10 ft. high, forming a dense dark green head, young fruit 1- rarely 2-seeded, hirsute-tonien-

tose, in thickets, Matus de Monino, February. Do. Br Welwitsch ! n. 2555, bush 4—8 ft. high,

in high thickets near Tau, in bud, May. Do. Br Welwitsch ! n. 1258, handsome shrub 5—

8

feet high, in thickets at the skirts of woods near Lopollo, leaves frequently attacked by a

fungus {Sphm7'ia). Angola, distr. Pungo Andongo, Br Welwitsch! n. 1257, bush 5—7 feet

high with erect trunk 2—2J in. in dlaniotor and spreading branches towards the top, branches

and fruit tomcntose, at first whitish, soon becoming rufous, leaves dark green witli a high

polish, in stony woods at Barrancos dc Catele, young fruit in December.
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Plate III. Fig. 1. Flowering branch, natural size. a. Flower unexpanded, magnified

5 diameters, b. Flower expanded, magnified 5 diameters, c. Interior of corolla with stamens,

laid open, magnified 6 diameters, d. Pistil, magnified 5 diameters.

Fig. 2. Flowering branch of another form of the same species, natural size. e. Flower

unexpanded, magnified 5 diameters. /. Flower expanded, magnified 5 diameters.

12. EUCLEA FRCCTUOSA, sp. nov.

E. foliis ohovafo-oblongis, basi in petiohim cuneatis, altemis vel suboppositis ; cymis femineis

racemosis vel paniculatis, 3

—

20-fioris ; calyce 4

—

5-lobo, tube in fructu farcto, lobis deltoideis

parvis ; corolla 4

—

o-fidd{l), interdum ad fnictus apicem marcescente ; fructibus numerosis,

fulvo-puhesceiitibus.

Varying in size from a small to an arborescent shrub with softly pubescent fulvous

and terete branches spreading at 35°—40° with the stem. Leaves obovate-oblono-, cuneate at

base into the petiole, coriaceous, quickly glabrescent and nitescent, alternate or subopposite

;

margins reflesed, net-veins numerous and delicate ; li—4i in. in length by \—li in. in width
;

petioles ^^—|in. in length, pubescent.

$ Racemes or panicles Jg—1 in. in length, bearing from 3—20 flowers and nearly a.-^

many fruits, pubescent; pedicels short not exceeding ^in. in length, dilated upwards in

fruit to articulation with calyx. Fruit pale or darker, fulvo-pubescent, about | in. in diameter,

1-ceUed, 1 seeded ; embr}-o somewhat curved and tending to be incumbent ; albumen not

ruminated. Calyx .5-lobed ; lobes deltoid, acute, small ; tube consolidated in fruit and bearing

fruit at its apex. CoroUa 4—.5-fid (?) ; sometimes marcescent ; lobes ovate.

Known only in fruit. Grows in dry places, &c. East Tropical Africa. Zambesia, Luame
river mouth, 8 Feb. 1861, Dr Kirk'.; between .Tette and the sea coast, 16 March, 1860,

Dr Kirk!; Zanguebar, Dar Salam, October to December, 18G8, Dr Kirk!

13. EUCLE.A. XATALESSis, Alph. DC. Prodr. vm. p. 218, n. 10 (1844).

JE. foliis altemis, angusth ellipticis, hasi cuneatis, petiolatis, undulatis, glabrescentibus

;

cymis femineis racemosis, 8

—

10-fioris ; calyce fructifero i—o-fido, tuba farcto, lobis deltoidein;

fructibus subglabris.

E. macTophylla, E. Mey. d, non a, b, Zwei Pflanz. Doc. Dreg. p. 184 in Flora 1843.

Royena m/icrophylla, E. Meyer, d ! in Hb. DC. (Prodr. I. c.)

Young parts pubescent. Leaves alternate, erect, narrowly elliptical and cuneate at base

into petiole, coriaceous, glabrescent, 2—4 in. in length by i—iin. in width; margins undu-

lated
;
petioles

-fi-^
—| in. in length.

$ Eacemes solitary about | in. in length, bearing 8—10 flowers and about 4 fruits. Pedi-

cels very short, dilated upwards in fruit to articidation with calyx. Calyx 4—5-fid, glabrescent

;

lobes deltoid, acute; tube consolidated in fruit, with small spreading limb, and bearing fruit

at its apex. Berry dark, sub-glabrous, globular I—^ in. in diameter, 1-celled, 1-seeded ; seed

globose, black, marked outside with 3 longitudinal lines, albumen somewhat ruminated.

Port Natal Brege ! ; Peddie!
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14. EUCLEA BILOCTJLAKIS, sp. nov.

E. foliis alternis oppositis et in tribus verticillatis, obovatis, apice rotundatis, basi cuneatis,

h-eviter petiolatis ; cymis femineis racemosis, siib-9-Jloris ; pedicellis brevissimis; fioHbus tetra-

meris; calyce i-dentato ; corolld breviter i-lobd; staminodiis ; ovario biloculari, glabra, loculis

biovulatis.

Glabrous. Branches at 50°, sometimes wliorled 3 together. Leaves obovate, cuneate at

base, rounded at apex, somewhat undulating, coriaceous, alternate opposite and in whorls of

3; veins inconspicuous, in relief on both sides, dark green above, ruddier beneath; 2—Sin.

long by 4—If in. wide, shortly petiolate
;
petioles about J^ in. long.

Racemes of «? flowers (in bud) short, about \ in. long, bearing about 9 very short

pedicels. Flower-buds -^ in. long, tetramerous, with short cup-shaped 4-toothed calyx and

corolla shortly 4-lobed. Staminodes 0. Ovary 2-celled, with 2 ovules in each cell, glabrous.

East tropical Afi-iea, Zanzibar, Dr Kirk

!

A male plant from Madagascar collected by Bojer ! may belong to this species; it has

16—18 stamens.

1.5. E. MACROPHTLLA, E. Mey, Cat. PI. Exsicc. Afr. Austr. Drfeg. p. 7 (1837).

E. foliis in tribus verticillatis vel oppositis, obovato-oblongis, breviter petiolatis, subcoriaceis

;

cymisfemineis 8

—

\o-foris, floribus tetrameris, calyce ^-fido, corolla i-fidd, staminodiis 0, ovario

4- vel raro 6-loculari, glabro.

Alph. DC. Prodr. viil. p. 218. n. 11 (1S44).

Glabrous. Stem nodose; branches at 60°, often verticillate three together, straight.

Leaves obovate-oblong, rounded at apex, cuneate at base, shortly petiolate, sub-coriaceous,

opposite or subverticillate three together ; margins reflexed, plane or wavy ; veins delicate

;

2—4 in. in length by i—li in. in width; petiole ^ to ^ in. in length.

9. Flowers in cymes which measure i—1 in. in length and bear 8—15 flowers; pedicels

^ to ^ in. in length ; flowers tetramerous. Calyx 4-fid, shortly cup-shaped, with deltoid-pointed

lobes. Corolla campanulate, 4-fid ; lobes obtuse or mucronate. Stamens or represented by

a few hairs at circumference of disk. Ovary glabrous, 4- or rarely 6-celled, with one ovule

in each cell ; at the upper part the ovary is frequently 2-celled, according to Dr Atherstone,

in consequence of two of the dissepiments being false; styles 2.

South Eastern districts. Cape of Good Hope. Euon in woods under 500 feet high, March,

Uitenhage, Drhge! in 5 flower; Grahamstown, Br Atherstone ! 461.

16. EuCLEA DAPHXOIDES, sp. nov.

E. foliis alternis oppositis vel in tribus verticillatis, obkinceolato-oblongis, sxtbsessilibus

;

cymis racemosis ; Jloris 4

—

o-meris ; calyce 4

—

o-fido ; corolld pirofunde 4

—

5-lobd ; staminibtts

circiter 12, uniserialibus, in flore femineo vel 4 effatis; stylis 2—3; ovario glabra, 4- vel

^'i-loculari.
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Glabrous shrub, 2—4 feet high or more, or even a low tree. Stem shining and turning

pale yellowish ; branches at 40°—50° with stem, alternate opposite or subverticillate. Leaves

alternate opposite or 3 in a whorl, varnished on surface, crowded, oblanceolate-oblong, thickly

coriaceous, flat or wavy, subsessile with thick articulation, IJ—3 in. in length by | to i in.

in width. Cymes racemose, much shorter than the leaves
;
pedicels ^ in. long ; bracts small

and slender.

<J. Flowers tetramerous, nearly glabrous, small. Calyx 4-fld. Corolla deeply 4-lobed.

Stamens about 12, in one row. Ovary i-udimentar}'.

? . Flowers 11—21 in cyme, -^ in. in length by Jj in. in width, ovoid, glabrous. Calyx

^ in. in height by Jj in. in width, 4—5-fid. Corolla openly campanulate, with nearly erect

lobes, -Jg in. in height by ^'^ in. in width, 4—5-lobed. Staminodes or 4, inserted at base

of interior of corolla or around base of ovary, glabrous, without anthers. Styles 2—3, JL in.

in length, somewhat concave as seen from inside; stigmas bilobed at apex, projecting beyond

the corolla ; ovary glabrous, ovoid, -^ in. in length and width, 4—6-celled ; ovules pendulous,

solitary in the cells. Fruit globular, ^ in. in diameter, dark, glabrous, 1-seeded, 1-celled ; seed

marked outside by 3 depressed longitudinal lines ; fruiting calyx small ; albumen not ruminated

but testa introverted at apex ; embryo slightly curved.

Nearly related to E. racemosa L. from which it differs by its oblanceolate-oblong and

longer leaves and its longer and more numerously flowered racemes, by its ovary being

sometimes 6-celled, and by its 12 stamens being in one row in the only ^ specimen examined.

South Afi'ica. South-western districts of Cape Colony and Natal. In a walk by the

Baaken's river under Fort Frederick, Algoa Bay, 14 Dec. 1813, Burchell 1 4356, in $ flower;

on the rocky side of the mountain, also on the western bank of Wagenbooms river on

the north side of Lange Kloof, 11 March 1814, Burchell! 4909, in $ flower; Cape of Good

Hope, Ecklon and Zeyher! ; Natal, W. T. Gerrard! 1506, 1606, in <J flower-bud.

17. EuCLEA Kellau, Hochst. in pi. Schimp. Abyss, exsicc. sect. ii. n. 1078 (1842).

E. foliis suhoppositis, obovatis vel ohlanceolatis, apice rotundatis, hasi cuneatis, breviter

petiolatis ; ci/mis racemosis; floribus dicecis, 4

—

o-meris ; corolla 4

—

o-fidd; staminibus 12,

in flare femineo ; sti/lis 2 ; ovario glabra, 4<-loculart.

Hochst. Nov. Gen. pi. Afr. in Flora 1843, p. 83 ; Alph. DC. Prodr. viir. p. 672 (1844)

;

Rich. Fl. Abyss, ii. p. 24. t. 66 (1847).

Myrsine Kellau, Hochst. in pL Schimp. Abyss, exsicc. sect. i. n. 159 (1840).

Kellaua Schimperi, Alph. DC. in Ann. Sc. nat. ser. ii. vol. xvill. p. 209 (1842), Prodr.

VIII. p. 290 (1844).

Shi-ub or small tree, glabrous, dioecious ; branches at 38°—45° with stem, subopposite, straight.

Leaves obovate or oblanceolate, shortly petiolate, sub-coriaceous, rounded at apex, wedge-shaped

at base, subopposite, shining and of a rich brown coloiu: on upper face, paler beneath; veins

delicate, flat or wavy at margins, spreading ; 1—2 in. in length by ^—1 in. in width
;
petiole

•jij—J in. in length. Flowers racemose with lanceolate bracts at base of pedicels, tetramerous

or pentamerous.
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i Racemes |—1 in. in length, bearing 9—13 flowers, spreading, dark; pedicels slender

^—^in. in length, the lower ones the longer, alternate or opposite, patent; flowers ^—^in.

in length. Calyx short, 4-fid, with apiculate deltoid erect lobes. Corolla campannlata,

4-lobed; lobes ^—| depth of corolla, erect, oval. Stamens 12, free, 8 in one row and 4

interior and inserted lower at base of interior of corolla, included; anthers erect, with a

few hairs at top or glabrous, 2-celled, dehiscing laterally from apex. Ovary rudimentary;

styles 1—2,

9 Racemes |—|in. in length, bearing usually 11 flowers, dark; glabrous or glandular;

pedicels Jg—^ in. in length, patent, sub-opposite ; flower -^ in. in length, campanulate.

Calyx -^ in. in height with 4 or 5 deeply divided erect deltoid acuminate lobes, persistent.

Corolla campanulate, twice the height of the calyx, with 4—5 lobes divided more than half

the depth of the corolla. Stamens 0. Ovary 4^ in. in height by ^in. in thickness, conical,

glabrous, 4-C3lled, cells 1-ovuled ; styles 2. Fruit globose, |in. in diameter, glabrous, 1-celled,

1-seeded ; seed fiUing the cavity of the fruit, marked externally by 3 longitudinal lines

;

albumen homy, not ruminated but with introversion of testa at apex ; embryo slightly

curved, tending to be incumbent.

Abyssinian name of the fruit; Kellau.

Abyssinia. Schimper ! i. n. 159, among hills, valleys and low places near Adoa. In

fruit, 1 June 1837.

„ „ ii. 1078. On mount Sina, near Adoa. In 5 flower, 13 November

1838.

„ „ ii. 1527, iii. 1919. Near Axus. In (J flower.

913. Agrima, 6000ft. alt.; Legua, 5000ft. alt. 1852.

„ „ 80. „ 5500—6500 ft. alt. October 1862.

„ Quartin-Dillon and Petit. ! Scholoda.

18. EucLEA RACEMOSA, Linn. Syst. veg. edit. xiii. p. 747. Cur. Murray (1774).

E. foliis altemis vel oppositi's, obovatis vel oblongo-ohovatis, apice rotundatis, basi cuneatis,

breviter petiolatis ; cymis racemosis ; floribus dioecis, 4- raro 5—6-mem ; corolld profunde
lobatd; staminibxis 12—18, in fiore feviineo 2—4 effaetis; stylis 2; ovario toio pubescenti vel

fjlabro, 4i-loculari.

Jacq. Fragm. t. 1, f 5, t. 63, f 3 (1800—9); Alph. DC. Prodr. viii. p. 219. n. 15 (1844).

Padus foliis suhrotundis, fructii racemose, Burm. Afr. p. 238, t. 84, f 1 (1739).

Glabrous shrub 2^ to 6 feet high, or small tree 18 feet high. Branches making 30°

with stem, purplish. Leaves obovatc or oblong-obovato, coriaceous, alternate, subopposite, or
opposite, marked with obscure transverse veins, green on the upper surface, pale beneatli

margins somewhat reflexcd, wavy or nearly flat, subsessile or shortly petiolate, rounded at
ape.x, cuneate at base, i—2J in. in length by ^—1 J in. in width; petioles ^—^ in. iu length.
Bracts narrow, at base of pedicels, solitary, linear-lanceolate.
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<J Racemes 1— 1^ in. in length, shorter than the leaves from the axils of which they

spring, drooping; pedicels Jy—^ in. in length, 5—13 in cyme, articulated at apex; flowers

rij
—

T^^- i'l length, campanulate, 4- or rarely 5—(J-merous, glabrous. Calyx short, lobes del-

toid, about half length of calyx. Corolla campanulate, open, deeply lobed, much raised

above the calyx ; lobes oval, obtuse or acutish, spreading or erect but not reflexed, of a

dirty white colour. Stamens 12—18, in two rows, inserted at base of interior of corolla or

on an hypogj-nous ring ; the inner ones smaller and often connate at the base with outer ones

;

anthers lanceolate, thick, 2-celled, with a few hairs or glabrous, included or exserted, erect,

dehiscing laterally and widely from apex, -^\
—

j\ in. in length
;
pollen white ; filaments slender,

50—57 ^^- i^ length, often united in pairs at base, glabrous. Ovary rudimentarj', hairy

or glabrous ; styles 2, distinct, erect, terete, white.

5 . Racemose cpnes i—1|- in. in length, usually shorter than the leaves but sometimes

longer, drooping in fruit
;

pedicels about jL in. length, 9—13 in cyme. Flowers ovoid, rather

smaller than the (J flowers, tetramerous or rarely pentamerous. Calyx hemispherical ; lobes

ovate, acute, about half depth of calyx. Corolla ovoid, deeply lobed ; lobes not reflexed.

Staminodes 2—4, glabrous. Ovary hairy or glabrous, 4-celled, cells 1-oviiled ; styles 2 ; fruit

globular, glabi-escent or glabrous, black, 1-celled, 1-seeded, -lin. in diameter.

Bark grey, smooth. Wood hard, heavy, employed by wheelrights and turners; answers very

well for wooden screws, but is chiefly used as fuel. {Dr Pappe, Silva Capensis, p. 21 (1854)}.

The variety Burchellii with glabrous ovary may be a distinct species. It is a tree

18 feet high with erect trunk and Eiscending branches and oblong-obovate leaves; bark

entire, turning white ; ovary globose ; styles 2, short ; staminodes 2—4, inserted on corolla

or around base of ovary.

Cape of Good Hope, southern and western districts. JDrege ! ; Talbot!; Beeves!; Wright!;

Boivin! ; Bowie!; Alexander-Prior ! ; Oldenburg! ; Xelson ! ; Hove!; Zegher ! 335(3; Earvey !

574; BurcMl! 397, 807, 3219 (var. Burchellii), 3806, 8295; Hondeklip Bay, ClanwiUiam,

Rev. H. Whitehead!

19. EuCLEA UXDULATA, Thunb. Nova Genera Plantarum (v.) p. 86 (1784).

E. foliis alternis vel oppositis, obovatis {vel in var. oblanceolatis), apice obtiwis, basi ctmeatis,

breviter petiolatis, undatis {in var. parvis et subplanis) ; cymis racemosis, 3

—

S-Jloris; floribus

dioecis, tetrameris ; staminibus 10—15, lilerumque geminatis, in flore femineo 0; stylis 2;

ovario basi subpubescente, 2- vel 4i,-loculari, i-ovidato.

Alph. DC. Prodr. viii. p. 219. n. 14 (1844).

E. myHina, Burch. Trav. Int. S. Afr. il. p. 588 (1824), Alph. DC. I.e. p. 217. n. 8.

E. humilis, Eckl. et Zeyh. in Linnsea, XX. p. 192 (1847).

Glabrous dense shrub, extremities and flowers glandular but not hairy, 4 to 9 feet in

heio-ht or a moderate sized tree, dioecious. Branches alternate or opposite, at 40° to 60°

with stem, numerous. Leaves obovate or oblanceolate, coriaceous, shortly petiolate, wavy

or in var. myrtina nearly flat, opposite or alternate, veins inconspicuous, cuneate at base,

rounded or nearly so at apex, evergreen, i—li in. in length by |—| in. in width .(or

J L in. m width in variety myrtina)
;

petioles ^—15 in. in length. Bracts sometimes large
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and leaf-like, caducous ; flowers racemose, with divisions of corolla reaching to level of apices

of calycine lobes.

i . Eacemes |—| in. in length, shorter than leaves, lax, bearing 5—7 flowers
;
pedicels

Jg

—

I in. in length, slender ; flowers -^ in. in length. Calyx openly cup-shaped, 4-fid, short

;

lobes deltoid, acute. Corolla hemispherical, 4-lobed, somewhat glandular outside; lobes oval,

more than half the depth of the corolla. Stamens 10—15, mostly in pairs, inserted at base

of interior of tube of corolla; anthers oblong, mucronate, with a few bristles near apex,

dehiscing widely from apex; filaments slender.

? . Racemes \—i in. in length, nearly erect in flower, drooping in fruit, bearing 3—

8

flowers
;

pedicels under -^ in. in length ; narrow bracteoles sometimes present on middle of

pedicels. Flowers ^^ in. in length. Calyx short, campanulate, 4-lobed, lobes deltoid, extending

less than half-way down the calyx. CoroUa 4-partite, erect or spreading, in bud cylindrical,

somewhat glandular outside along middle of lobes; lobes oval. Stamens 0. Ovary and 2

styles together rather longer than corolla; styles as long as ovary, at first erect and conti-

guous, glabrous, bifid at apex, deciduous ; ovary somewhat hairy at base, hairs white, glabrous

above, 2—4-celled, 4-ovuled ; ovules oblong. Berrj' globular, -^—I in. in diameter, purple or

red, glabrous, edible, 1—2-celled, ultimately only 1-celled, 1-seeded.

Bark whitish grey rough, wood brown hard close-grained and fit for joiners' fancy-work,

veneering, &c. (Dr Pappe, Silva Capensis, p. 21 [1854]).

Var. /3. myrtina. Leaves -^—\ in. wide, oblanceolate, nearly plane ; fruit black ; about

4 ft. high. Known only in fruit, but probably a form of this species. {E. myrtina, Burch.)

The fruit is sweet, with some astringency; called, as well as other species of the genus,

guambosches, and the fruit guaji'i, by the Hottentots in South Africa.

Cape of Good Hope, Kalahari region and Trans-Vaal. Br^pe !; Beeves !; Dr Pappe !;

Burke! (Trans-Vaal) ; Mct^son!; Alexander-Prior!; Dr Thorn! 243, 386; Cooper! 408; jl/ac

Otvan!; Zeyher! 3358; EcMon and Zeylier ! 1124 (E. humilis, Eckl. et Zeyh.); Burchdl!

1792 (2162, 2573, E. myrtina, Burch., Kalahari Region), 2943, 3168, 7198.

Excluded species of Euclea.

Euclea herbacea, Lour. Fl. Cochinch. p. 629 (1790). Cfr. Euphorbiacese.

Euclea pilosa, Lour. loc. cit. = Diospyros pilosa, Alph. DC.

III. MABA, J. R. et G. Forstcr, Characteres Generum Plantarum, p. 121. t. 61 (1776).

Flares diced, rariasinie monwci vel polygami, plerumque trimeri rariiis 4

—

6-meri. Calyx

campanulatm vel ohlongiis, nan plicatus, lobatus vel trimcatus ; corolla campanulata vel tubulosa,

lobis in jircvfloratione sinistrorse contortis.

Flos masculus ; stamina 3—oo
,
plerumque glabra rarius pilosa vel pubescentia. Ovarium

abortivum.

Flos femineus; staviinodia —x, plerumque pauca ; ovarium 3- vel Q-loculare, 6-ovulatum

;

fructus plerum/jue mediocris, haccatiis.

Arborcs vel frutiucs, foliis alternis integerrimis, iaflorescentia axillari vel rarius laterali.

Alph. DC. Prodr. viii. p. 240. n. vii. (1844).
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Pisorna (sp.) Rottlx in Nye Saml. Kong. Danske Skrift. vol. II. p. 536. t. 4. f. 2 (1783)

Uhretia (sp.), Willd. Phytogr. i. p. 4. t. 2. f. 2 (1794).

Ferreola, Roxburgh, PI. Coromandel, I. p. 3.5. t. 45 (1795).

Ferriola, Roxburgh, Hort. Bengal, p. 72 (1814), Fl. Ind. edit. 1832. vol. III. p. 790.

Macreightia, Alph. DC. Prodr. viii. p. 220. n. v. (1844).

Holochilus, Dalzell in Kew Journal of Botany, IV. p. 290 (1852).

Rhipidostigma, Hasskarl, Retzia, I. p. 103 (1855).

Flowers dioecious or rarely polygamous or very rarely monoecious, usually trimerous, occa-

sionally 4—6-merous. Calyx usually 3-fid, sometimes 4—6-fid or -partite or shortly lobed,

rarely truncate and entire ; more or less campanulate at least in flower, sometimes accrescent

but less so than in many species of Diospyros, not plicate. Corolla usually 3-lobed, exceeding

the calyx, campanulate or tubular; lobes contorted sinistrorsely as regarded from within.

Stamens in 6 flower 3—x usually about 9 and glabrous except in § Trichanthera, distinct

or some or all united by their filaments in pairs or otherwise ; anthers oblong or lanceo-

late-linear, dehiscing longitudinally by lateral slits ; filaments inserted at base of corolla or

hypog}"nous ; staminodes in 9 flower —x , usually fewer than in $ flower, glabrous or

hairy. Ovary in $ rudimentary, hairy or glabrous ; in 2 3- or 6-celled, hairy or glabrous

;

style 3-lobed or styles 3 ; o\"ules 6, solitary in the cells or 2 together in S-celled ovaries

;

rarely an ovary is 3-celled with 3 imperfect septa between the pairs of ovules not

reaching the central axis of the ovary. Fruit usually globose or ovoid, glabrous or hairy,

1—6-celled and -seeded, usually not exceeding 1 in. long, baccate or dry ; seeds as in the

Order, in a few species with ruminated albumen. Fruiting calyx spreading or cupulifomi.

Trees or shrubs usually with hard wood, widely distributed in most countries where the

Order is represented but absent from the Cape of Good Hope, though occurring in Natal

and other parts of Africa.

Leaves always alternate simple and quite entire, smaller for the most part than in Dio-

spyros, but reaching lOi in. in length in M. punctata. Flowers solitary or in short cjtqcs

either axillary or verj' rarely lateral on the older branches.

The name is adopted from that locally used in the Friendly Islands for plants of this

genus. Maha is also given by the natives in the vicinity of the Congo river, West tropical

Africa, to the fruit of the oil-palm (Ekeis guineensis).

Maba may be divided into the following sections, a key to which is subjoined.

Anthers glabrous or in a few species slightly hairy. Flowers trimerous or occasionally

tetramerous or rarely in M. lancea pentamerous.

Calyx-lobes not much imbricated.

Ovary densely hairy (except in M. obovata, R. Br.)

I

Staminodes 0. Ovary 3-celled. § 1. Ferreola.

I Staminodes 3—6. Ovary 6-celled. § 2. Macreightia.

Ovary glabrous (pubescent or nearly glabrous in if. Seychellarum).

Flowers sessile or subsessile. Ovary 3- or 6-ceUed. § 3. Holochilus.

Flowers crowded in short branched or fascicled cymes

( 2 flowers solitary in M. lamponga). Ovary 6-celled. § 4. Rhepidostigma.

Calyx-lobes rounded and much imbricated so as to make the ca-

lyx appear subtruncate. § 5. Barberia.

Anthers pilose. Flowers 3—6-merous. Ovary hairy, 6-celled. § 6. Trichaxthera.

14—2
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jj flowers tubular.

1. M. diffusa.

2. J/. Mualala.

3. 21. hemicychides.

4. M. acuminata.

5. M. oblongifolia.

6. M. ovali/olia.

§ 1. Ferreola.

Fruit reddish, brown, or dark-coloured.

Fruiting calyx very small, usually not cupuliform, flat or reflexed.

Fruit subglabrous, shining. Fruiting calyx trifid.

Fuliginous-hispid. Leaves about 1 in. long.

Glabrescent. Leaves 1^—4^ in. long.

Fruit globose, J in. in diameter. Calyx glabrate.

Fruit ellipsoidal-oblique, ^ in. long. Calyx somewhat hairy,

Fruit tomentose. Fruiting calyx tripartite.

I Stamens 4—5.

Stamens 12—16.

Leaves oblong. Stamens about 12.

Leaves oblong-ovate. Stamens 13—16.

Fruiting calyx accrescent or not very small, usually cupuliform (sometimes small in M.

humfolia).

i flowers subsessile in short cymes. 9 flowers sessile or subsessile.

Fruit hairy, i flowers with tubular corolla.

Stamens 3—6 (-7j. Flowers trimerous.

Leaves cordate at base, subsessile.

Leaves not cordate at base, shortly petiolate.

Stamens 9 (in trimerous flowers, 4 in a tetramerous one)

Leaves glabrous, elliptical.

Leaves hairy, lanceolate-oblong.

Fniit subglabrate. Corolla campanulate.

Leaves without conspicuous net-veins.

Calyx hair}-. Leaves usually more than 1| in. long.

Branches nigro-verrucose. Stamens 15—17.

Branches smooth. Stamens 6—12.

$ flowers 1—3 together.

(J flowers several together.

I

Leaves lanceolate, paler beneath.

I Leaves obovate, of same colour on both sides.

? flowers solitary. 14. M. ohovata.

? flowers 3 together. 15. M. geminata.

Calyx glabrous, at least in fruit. Leaves about 1 in. long. 16. M.lmmilis.

Leaves highly reticular.

Bracts not much imbricated.

Leaves clliptic-obloug, about 2 in. long.

Leaves elliptical, 3—4 in. loug.

Bracts much imbricated.

i flowers pedicelled iu mauit'est cymes, i corolla tubular. ?

Stamens 3—6. Leaves oval, obtuse, glabrescent.

Stamens 9. Leaves ovate-oblong, acuminate at apex, hairy.

Fruit covered with white efflorescence.

Cfr,

7. M. foliosa.

8. M. rufa.

9. M. lauriiia.

10. M. nigrescens.

11. M.sandwicensis.

12. 21. hiucifolia.

13. M. lancea.

17. 21. reticulata.

18. 21. compacta.

19. 2r. inilehratidii.

flowers stalked.

20. M. elliptica.

21. 21. sumatrana.

22. 2r. Vieilhrdi.

[23. 21. major.

24. 21. Andersonii]
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§ 2. Macreightia.

26.

27.

Glaucescent. (N. America and West Indian Islands.)

Leaves rotund or ovate, spinulose-apiculate.

Leaves obovate, not spinulose-apiculate.

Albumen deeply ruminated. Net-veins conspicuous.

Albumen not ruminated. Veins few.

Dull or haiiy. (S. America, Mexico, and West tropical Airica.)

Albumen not ruminated. Stamens glabrous. Flowers campanulate.

somewhat cupuliform, not very small. (S. America and Mexico.)

Cymes usually 3-flowered, ^\—| in. long.

Leaves whitish beneath.

Leaves not whitish beneath.

Leaves oval or obovate.

Leaves obovate-lanceolate, membranous.

Leaves lanceolate-oblong, coriaceous.

S . Cymes many flowered, J in. long, 9 flowers solitary.

25. M. Gi-isebachii.

M. carihcea.

21. intricata.

Fruiting calyx

28. 3L aliens.

29.

30.

31.

32.

Albumen ruminated. Stamens somewhat hairy,

very small, flat. (Afi-ica.)

5 flowers tubular

83.

31. inconstans.

M. acapulcensis.

M. salicifolia.

M. Pavonii.

; fruiting calyx

M. Mannii.

§ 3. HOLOCHILUS.

Flowers campanulate or with short tube. (Airica.)

Ovary 3-celled ; cells 2-oviiled.

Calyx shortly 3-lobed, pubescent.

Ovary more or less hairy. Leaves narrowly elliptical,

obtuse. 34. M. Seychellarum.

Ovary quite glabrous. Leaves lanceolate, acute. 35. M. lanceolata.

Calyx truncate entire, glabrous. 36. M. natalensis.

Ovary 6-celled ; cells 1-ovuled.

Leaves lanceolate-oblong ; flowers several together. Branches

dark. 37. M. ahyssinica.

Leaves oval. V flowers 3 together. Branches argenteo-cine-

reous. 38. M. quiloensis.

Flowers tubular. (India.) 89. M. micrantha.
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§ 4. Khipidostigiia.

Dioecious. Stamens 8—18.

Glabrous. Leaves not cordate at base.

£. Cymes rather lax.

I 9 . Flowers solitary. CoroUa^lobes acuminate.

I
2 . Flowers cymose. Corolla-lobes not acuminate.

Leaves submembranous. Stamens glabrous.

Leaves coriaceous. Filaments often minutely

ated. Albumen not ruminated.

Leaves coriaceous. Albumen ruminated.

(J. Cymes dense.

Pubescent. Leaves cordate or subcordate at base.

"Hermaphrodite. Stamens 4—5."

Cymes about J in. long. Leaves oblong.

Cymes very short. Leaves oblong-lanceolate.

Cfr.

cili-

40. M, lamponga.

41. M. merguensis.

42. M. fcisciculosa.

43. M. ruminata.

44. M. confertiflora.

45. M. punctata.

46. M. Teijsmanni.

47. J/, hermaphroditica.

[48. M. javanica.]

§ 5. Barberu.

Ovary glabrous.

Staminodes about 8. ? Cymes 3—5-flowered.

Staminodes about 16. Flowers subsolitary.

Ovary shortly pubescent.

Glabrous. Leaves 2—4 in. long, more or less narrowed at base;

petioles |—|in. long.

Leaves |—2 in. long, rounded at base, with shortly tomentose mid-

49. 71/. Maingayi.

50. M. Motleyi.

51. M. myrmecocalyx.

rib
;
petioles \ in. long. 52. M. Beccarii.

§ 6. Trichanthkra,

Polygamous. Ovary ovoid-conical. Leaves appressedly flavo-serjceoas

beneath, not cordate.

Ovary globose at base, narrowly conical above. Leaves supra-cordate

Dioecious. Ovary subglobose. Leaves not tlavo-sericeous beneath.

Flowers 3- (rarely 5-) merous.

' Shoots with spreading hairs.

i

Shoots with appressed hairs.

Flowers 5—G-merous.

Flowers arising from the old wood.

Flowers axillary from the young branches.

Staminodes 11— 13, somewhat pilose

Staminodes 25—30, nearly glabrous.

53. M. sericea.

54. M. cordata.

66. M. myrmecocarpa.

56. M. viyristicoides.

57. M. caulijlora.

58. M. nUairei.

69. M. Mellinoni.
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1. Maba diffusa, sp. nov.

M. ramulis patentihas, fuUgineo-puhescentihus ; foliis ovatis vel ovalibns, uncialihus, apice

ohhish angustatis, hasi subrotundis, glahris, nitentibus, suhcoriaceis, breviter petiolatis ; fructibus

elUpsoideis, appressh subsericeis, trilocularihiis, 1

—

2-spermis, brevissime peduiiculatis ; calyce

fructifero minimo, trijido, non appresso.

Stem and branches terete, dark or cinereous; branches fuliginous-pubescent, patent,

slender. Leaves ovate or oval, nearly rounded at base, obtusely narrowed at apex, glabrous

and shining on both sides, subcoriaceous, margins thickened, somewhat wavy ; midrib depressed

on upper side ; lateral veins patent very numerous and delicately raised on both sides ; of

a rich brown colour on both sides when dry ; i to 1 in. in length by J to | in. in width

;

petioles t^})^'^- '^^ length, pubescent. Known only in fruit. Fruit shortly pedunculate, near

ends of branches, solitary ; fruiting peduncle ^—j^ in. in length. Fruiting calyx loosely concave

or horizontal, small, somewhat pubescent, about i^in. in length, roundedly 3-fid. Fruit

somewhat appressedly silky, of rich brown colour, straight, ellipsoidal, J to | in. in height

by i to J in. or more in thickness, 3-celled, 1—2-seeded ; seeds black, ^ in. in length

;

albumen not ruminated; embryo nearly flat.

N.W. Madagascar, PervilU!

2. Maba Mualala, Welw. MSS.

M. glabra, foliis ellipticis, apice scepius obtusb acuminatis, hasi leviter angustatis vel

suh-rotundis, tenuiter coriaceis, persistentibiis, nitentibus, reticulatis, breviter petiolatis ; fructibus

solitariis vel binis, subsessilibus, globosis, glahis ; cali/ce fructifero trifido, minimo, ])atente,

glabrato.

A fine glabrous tree, 15—35 feet high in the interior of the country, or near the

sea-coast scarcely more than a bush 3—5 feet high ; very rarely flowering. Tnink strict

;

branches terete, leafy. "Wood very hard, valuable, black in the centre but not always so.

Leaves alternate, elliptical, in most cases obtusely acuminate, slightly narrowed at ba.se or

nearly rounded, thinly coriaceous, evergi-een, deep green, highly polished, 1|—4^ in. long

by I—If in. wide, delicately reticulated; midrib depressed above; margins slightly undu-

lated; petioles j\—i in. long. Flowers unknown, J axillary, in very short 1—3-flowered

cymes. Fruit solitary or two together, subsessile, globose, shining, glabrous, black-purplish,

slightly nerved, about Jin. in diameter, 1-seeded ; seed globose, nearly ^ in. in diameter;

albumen white, cartilaginous, not ruminated; fruiting calyx 3-fid, spreading, I—Jin. in dia-

meter, glabrate ; lobes ovate, subacute.

West tropical Africa, Distr. Golungo Alto, in dense woods, fruits in March, Dr Welwitsch

!

2539, 2540, 2541 ; Do. Distr. Loanda, very rare, in thickets, Dr Welwitsch ! 2542 ; native

name Mualala.

3. Maba hemicycloides, F. Muell. ex. Benth. Fl. Austr. iv. p. 290. n. 3 (18G9).

M. glahrescens, foliis ellipticis vel ohlongis, utrinque plus minus angustatis, apice obtusis,

suhcoriaceis, breviter petiolatis; fructibus solitariis, brevissime peduncidatis, subglabris, oblique

elUpsoideis ; calyce fructifero minimo, piatente, trifido, leviter pubescente.
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A small tree; branchlets slender, somewhat hirsute with dark hairs at extremities,

quickly glabrescent, dark cmereous or brown, terete. Leaves eUiptical or oblong, narrowed

more or °ess at both ends, usually with an obtuse apex, thinly coriaceous, glabrous ;
margins

with small undulations, just reflexed ; midrib depressed above; lateral veins delicate, nume-

rous, raised on both sides, at 60» to 70°; 2^ to 4Hn. in length by 1—l|in. in width;

petioles I lin. in length. Known only in fruit; fruiting peduncle ^3—J^in. in length,

not thick, pubescent ; fruit solitary, near ends of branches, glabrous or nearly so, pale brown,

obHque, ellipsoidal, about i in. in height by |—^% in. in thickness, tipped somewhat lateraUy

with remains of style; fruiting calyx small, horizontal, 3-fid, ^—iin. m diameter, covered

with scattered appressed short pale hairs; lobes deltoid.

Australia, Queensland, Rockingham Bay, Dallachy

!

4. Maba acuminata.

M. foliis elliptids valde acuminatis, hasi rotundatis vel parum angustatis, submembra-

naceis, breviter petiolatis ; corolke tubo quam calyce duplo longiore; staminibus 4—5; fructibus

globosis, tomentosis et sparse pilosis ; calyce fructifero tripartito, minimo.

Macreightia acuminata, Thw. Enum. Ceyl. PL p. 424. n. 3 (1864).

A moderate sized tree with terete erect-patent branches. Young parts pale brown sericeo-

pubescent, afterwards becoming dark and glabrous. Leaves eUiptical, long-acuminate, rounded

or nearly so at base, in the dry state pale greenish glabrous and shining on upper side with

scarcely raised veins, pale brown sericeous or subpubescent on under-side with raised clear

lateral veins anastomosing near margin and sericeous prominent midrib, submembranous,

shortly petiolate, 2—5 in. in length by | to liin. in w4dth; petioles -^—fin. in length,

pubescent. Bracts imbricated, sericeous.

$ . Tube of the corolla twice as long as the calyx, \ in. in length ; stamens 4—5

;

ovary pilose.

9 . Fruit globular, pale brown, appressedly sub-tomentose-pubescent, |—| in. in diameter

;

fmiting calyx not auricled.

Ceylon, Thwaites! C.P. 3718.

5. Maba OBLON'GIFOLIA.

M. foliis oblongis, acuminatis, subcoriaceis, basi rotundatis, subtus secus nerves ctim petiolo

brevi sub-ferrugineo-hispidis, deniqiie glabri^ ; floinhis niasculis solitariis crebris siibsessilibus,

calyce breviter Ivbato, staminibus 12 glabris ; Jioribus femineis solitariis breviter pedunculatis,

calyce tripartito, hispido, non accrescente, staminodiis 0, fructibus subglobosi3 tomentosis.

Macreightia obhn-gifolia, Thw. Enum. Ceyl. PI. p. 183. n. 1. (1860), p. 423 (1864) ; non

Marcreightia oblongifolia, Kurz.

A small tree
;
young parts very hispid, subferruginous ; branches terete, quickly turning

dark and glabrous, spreading at about 40°. Leaves oblong, acuminate, subcoriaceous

;

upper side brown (often of a rich deep colour) shining and glabrous when dry, midrib and

lateral veins depressed; under-side palish brown, subpubescent, lateral anastomosing veins

and especially midrib raised prominent and pubescent ; 3 to 7i in. in length by II to 3 in.

in width
;
petioles ^^

—i in. in length, glabrescent, at first hispid.
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(5. Flowers subsessile solitary crowded on short axillary densely pubescent branches;

buds oblong, subferruginous, sericeous-pubescent, about i in. in length. Calyx | in. long, 3-lobed

at apex. Stamens 12, glabrous, in several rows, unequal, partly hypogynous and partly at

base of interior of tube of corolla. Ovary minute, hairy.

9. Flowers solitary, ferruginous, shortly pedunculate, hispid; bracts imbricated, large,

hispid
;
peduncle -^ in. in length, hispid. Flowers f_ in. in length (not expanded in specimens),

ovoid-oblong. Calyx |iu. in length, with 3 deep diverging ovate acute lobes. Corolla 3-fid,

glabrous inside. Stamens 0. Ovary covered with light ferruginous vertical haii-s, 3-celled

or, according to Dr Thwaites, 6-celled. Style divided at apex into 3 glabrous stigmas.

Fruit subglobose, ferruginous-tomentose, 1 in. in diameter, fruiting calyx not accrescent

nor auricled ; 2- or 3-seeded ; seeds black, glabrous, about i in. in length by J in. in thick-

ness, bounded by 2 plane contiguous sides and a curved surface, a horizontal section beiu"-

a sector of a circle ; a reddish raised line runs do^\^l middle part of outer surface of

the seed; albumen not ruminated; radicle cylindrical, half as long again as the oblong

cotyledons.

Ceylon, Thwaites! C.P. 3396.

6. Maba ovalifolia.

M. foliis ohlongo-ovatis, parum acuminatis, dbtusiusculis, hasi scepius rotundatis, subcoriaceis,

glahrescentibus, breviter petiolatis ; flonhis masculis solitariis, crelris, calyce incequaliter tri-

dentato, {corolla i-Jidd), stamim'hus 13—16, glahris, ovarii rudimento hirsute.

Macreightia ovalifolia, Thw. Enum. Ceyl. pi. p. 424. n. 2 (1SG4).

Tree of moderate size; young parts pubescent, soon glabrescent and cinereous; branches

terete, erect-patent. Leaves oblong-ovate, shortly acuminate, subcoriaceous, usually rounded at

base, brown on both sides when dry, darker above, glabrescent, flat, margins just recurved, patent,

shortly petiolate, midrib and lateral anastomosing veins raised beneath depressed above,

2 to 3iin. in length by 1 to If in. in width; petioles fin. in length, stout. Bracts

imbricated, large, caducous.

<J. Flowers solitary, crowded on young short branchlets, ferruginous sericeous, ^''yin. in

length before expansion, oblong. Calyx jin. in length, tubular, with 3 short acute teeth

chiefly on one side, a deeper division being opposite. Corolla often bent sideways (closed

in specimens), somewhat constricted about the middle, 4-fid, dark and glabrous inside.

Stamens IS—16 (14 in one case examined), unequal, glabrous ; ovary rudimentary, repre-

sented by a bunch of hairs.

Ceylon, Tlnvaites! C.P. 3717.

7. Maba foliosa. Rich, ex Asa Gray in Proceedings of the American Academy of

Ai-ts and Sciences, Vol V. p. 326 (1862).

M. foliis ovalibus vel ovatis, hasi cordatis, coriaceis, confertis, suhsessilibus ; floribus mascuUs

3

—

5-nis, brevissime cymosis, calyce campanulato-oblongo, breviter tnfido, corolla breviter trifidd,

staminihiis 3, rjlahns ; floribus femineis suhsessilibus, cymis 1—2-floris, fructibus ferrugineo-

tomentosis.

YOL. XII. Pabt I. 15
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Young parts rufous or fuliginous, hirsute ; branches glabrescent, cinereous
;
leaves crowded,

subsessile, oval or ovate, cordate at base, midrib depressed above, veins indistinct, coriaceous,

rufous-hirsute when young, glabrescent except on margins and midrib beneath, 1—2Jin.

long by I—1 in. wide
;

petioles shorter than the emargination at the base of the leaves.

<J. Flowers on very short nodose pubescent 3—5-flowered cymes; flowers (in bud)

ovoid-oblong, rufous-hirsute. Calyx i in. long, campanulate-oblong, shortly 3-fid, smooth inside
;

lobes deltoid; corolla shortly 3-fid, hirsute outside, glabrous inside; stamens 3, hj-pogynous,

glabrous; filaments distinct; anthers hnear, dehiscing laterally by longitudinal slits; ovary

pubescent, small, rudimentarj'.

9 . Fruiting peduncles 1—3-flowered ; calyx 3-lobed ; fruit ferruginous-tomentose.

Feejee Islands, Wilkes!; New Caledonia, Pancher/ 301; Muthuata and Ovolau, alt.

2000 feet, Feejee Islands, Asa Gray, I.e.

8. ilABA RUFA, Labill. Sert. Austr. Caled. p. 33. t. 3G (1824).

M. foliis ovalihus vel oblongis, apice lanceolatis vel hreviter et obtuse aciaiimatis vel

rotundatis, basi anr/ustatis vel rotundatis, junioribus utrinque rufo-sericeis, swphis glabrescentibus,

conaceis, hreviter petiolatis ; inflorescentid et fructibus rufo-seriseis ; floribus masculis 3

—

o-nis,

brevissime a/mosis, axillaribus, trimeris, corolla tubulosd, staminibiis 3—6, glabris ; Jloribus

femineis solitariis, subsessilibus, staminodiis 0, ovario dense sericeo 3-loculari, fructibus sub-

glohosis vel ellipsoideis, calyce fructifero cupuliformi.

Alph. DC. Prodr. VIII. p. 241. n 10 (1844).

JI. sencocarpa, F. Muell. Fragm. v. p. 1G4 (186G), Benth. Fl. Austral, iv. p. 289,

n. 2 (1869).

M. cujmlosa, F. Muell. Fragm. v. p. 1G4 (1866), vi. p. 2.53 (1868).

Diospyros sencocarpa, F. Muell. Austr. Veg. in Intercol. Exh. Ess., 186G—67, p. 3o (1867).

D. cupidosa, F. Muell. I. c.

M. revoluta, VieiU. MSS. in Hb. N. Caled. n. 287G.

A shrub or tree 20 feet high; branches terete, slender, spreading at about 45°—50°,

rufous-sericeous when young, leafy. Leaves oval or oblong, lanceolate or shortly and obtusely

acuminate or rounded at apex, narrowed or rounded at base, coriaceous, appreasedly rufous-

sericeous when young, usually glabrescent, 1—4 J in. long by -|—2§in. wide; midrib depressed

on the upper surface, margins recurved (sides revolute in 21. revoluta, VieilL); petioles

Jn—|in. long.

<5 . Inflorescence rufous-sericeous, axillary on young branches ; cymes 3—5-flowered
;

common peduncle | in. long
;

pedicels very short ; flowers ovoid-oblong, ^—J in. long. Calyx

tubular, shortly 3-lobed, |— J in. long, crass, tomentose on both sides. Corolla tubular,

shortly 3-lobcd, sericeous outside, glabrous inside; lobes ovate. Stamens 3—6 (-7), glabrous,

hypogynous; filaments slender. Ovary rudimentary, pilose.

9 . Flowers solitai-y, subsessile, about J in. long, ferruginous-hairy ; bracts imbricated,

caducous. Calyx campanulate, shortly 3-fid. Corolla tubular, 3-lobed at apex, with rounded

imbricated lobes. Staniinodes 0. Ovary 3-celled, densely sericeous; style 3-lobcd at apex.
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Fruit ellipsoidal or subglobose, h—l in. high, more or less sericeous, 3-ccllefl, 1 3_4-seeclecl

;

fruiting calyx accrescent, cupuliform, trifid, reaching half way up fruit or higher, pubescent.

Seeds oblong; albumen cartilaginous, not ruminated; embryo nearly straiidit.

Australia, Queensland, Rockingham Bay, Dallachj !

;

New Caledonia, Beplanche ! 312, 446; Lahillardiere ! ; Puncher!; Caldwell!; Vieillard!

S91, 892, 894, 895, 896, 2872 (?), 2876, 2880.

9. MabA laurina, R Br. Prodr. Fl. Nov. Holl. p. .527. n. 1 (1810).

M. foliis elliptlcis vel oblonjis, apice rotundatis, glahris, nitentibus, tenuiter coriaceis,

petiolatis; florihus trimeris, suhsessilihus, cahjce late campanulato, crasso, corolla tubidosd,

staminibus 9, glabris ; in jlorihus femineis staminodiis 0, ovario 3-locidari, subglabro, dense

sericeo.

Alph. DC. Prodr. viir. p. 241. n. 3 (1844), Benth. Fl. Austral, iv. p. 289 n. 1 (1869).

A small tree with smooth dark bark and quite glabrous shoots ; buds and inflorescence

rufous-hairy. Leaves elliptical or oblong, rounded at apex, thinly coriaceous, glabrous, shining

especially above, 3—5 in. long by 1-|-—2iiii. wide, margins incrassato-recurved, veins slender,

raised on both sides
;

petioles ^ in. long.

6 . Flowers few together subsessile (ex Benth. I. c.) solitary or sometimes 2 together

very shortly peduncled (ex R. Br. MSS.), trimerous ; calyx I in. long, globose-campanulate,

coriaceous, rather crass, with numerous soft subappressed cinereous-ferruginous hairs outside,

glabrous inside ; corolla yellowish white, tube cylindrical, twice the length of the calyx,

hairy outside above the calyx, lobes rounded, one third the length of the corolla ; stamens 9,

glabrous, hj^pogynous, alternately in pairs and single, equal, pollen white ; ovary subglobose,

hairy, rudimentary (?) ; style and stigma wanting.

9 . Flowers solitary, subsessile, trimerous, rufous-tomentose, scarcely i in. long by \ in.

thick; calj'x Jin. long, semi-ellipsoidal, crass, appressedly hairy inside, shortly 3-fid, lobes

obtuse ; corolla urceolate-oblong, glabrous inside, lobes short spreading obtuse ; staminodes ;

style 3-lobed at apex, stigma dilated; ovary subglobose, densely sericeous, rufous, 3-celled,

cells 2-ovuled.

Cumberland Islands, Australia, E. Broiun

!

, Oct. 17, 1802.

10. Maba nigrescens, Dalz. in Dalz. et Gibs. Bomb. Fl. p. 142 (1861).

21. foliis lanceolato-oblongis, sub-coriaceis, undulatis, ciliatis, breviter petiolatis, nervis in-

conspicuis ; fluribus 1—5-nis, 3

—

i-meris, ferriijineo-pubescentibus, subsessilibus, staminibus 9

{vel in fl.
i-meris, 4—6) glahris; in floribus femineis staminodiis 0, ovario pubescente, 3-

locidari, fructibus ellipsoideis, sericeis, calyce cupuliformi.

A tree from 1.5 to 35 feet high with dense ferruginous pubescence on the shoots

petioles and flowers; older branches dark-cinerous ; branches at about 50°, rigid. Leaves

lanceolate-oblong, nan-owed at least at apex, sometimes nearly rounded at base, coriaceous,

1—3iin. long (including petiole JL—i^in. long) by i—l^in. wide, midrib depressed above,

hairy beneath, margins ciliate, wavy. Flowers subsessile.

^. Flowers 1—5 together in very short cymes, Jin. long, trimerous or tetramerous

;

15—2
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calyx I in. long, 3—4-lobed, lobes -^ in. deep, deltoid acute ; corolla campanulate-oblong,

Jin. lono-, 3—4-fid, lobes spreading; stamens 9, 6 in 3 pairs and 3 distinct, or all in one

row, or in tetramerous flowers 4—C, glabrous, hypogynous, anthers j^in. long, linear, acute,

filaments slender; ovary rudimentary, hairy.

9 . Flowers 1—2 together, trimerous, f in. long ; calyx ^ in. long, funnel-shaped, shortly

3-fid, lobes obtuse ; corolla 3-fid, lobes somewhat S23reading, rounded at apex ; staminodes ;

ovary hairy, 3-celled, cells 2-ovuled. Fruit rufous, sericeous, ellipsoidal, obtuse, Jin. long in the

specimens, often with the remains of the corolla at the apex which has been pushed forward

during the growth of the fruit ; fruiting calyx J in. wide by | in. high, somewhat accrescent

and cup-shaped. Flowers in July, February; fniits in May.

India, Canara, Goa, Dalzell ! ; Moollis, Dr Ritchie ! n. 85. Pretty common in the Ghaut

jungles, native name " Ruktroora." The leaves turn black in drying, and appear quite veinless.

Allied to 31. guineensis ex Dalz. and Gibs. I.e. I have not seen an authentically named

specimen.

11. Maba sandwicensis, Alph. DC. Prodr. viil. p. 242. n. 16 (1844).

M. ramis nigricantihus verrucosis, foliis ellipticis, obtuse acuriiinatis, hasi angustatis, nervis

inconspicuis ; jlorihus subsessilibus pleruvique trimeris, corolld campanulatd, staminibus 15—17,

glabris ; fructihus soUtariis ellipsotdeis vel subglobosis, glabratis, calyce paulum aucto brevi.

M. elUptica, Seem. Fl. Vit. p. 152 (18G6), uon Forst.

A tree or shrub, glabrous except the young parts and inflorescence which are

pubescent ; branches dark-cinereous, rough, verrucose ; leaves elliptical, subacute or rounded

at apex, coriaceous, glabrous, petiolate, 1—2| in. in length by i to li-in. in. \\adth; petioles

Jj3

—

:^m. in length.

S Flowers subsessile ; calyx 3-fid with deltoid acute lobes, hairy ; corolla similar ; stamens

15—17, glabrous, anthers of same length as filaments.

2 . Fruit elhpsoidal or subglobose but somewhat oblique, solitary, downy or subglabrous,

J—g in. in height, reddish ; fruiting calyx, cup-shaped, not or scarcely accrescent, usually with

rounded lobes, very rarely 4-lobed, somewhat hairy. Fruit-peduncle patent, \ in. in length

or shorter.

Flora Hawaiiensis, no. 124, H. Mann and W. T. Brigham! 18G7; in woods. Sandwich

Islands, Capt. Wilkes! U.S. South Pacific Expl. Exp.; Gaudichaud ! ; Oahu and Numan,
Br Hillebrand! 273, Eemi/ ! 473; Hawaii, Dr Hillebrand! 274, Eemij ! 470(?); Fiji Islands,

Dr Seemann! 295.

12. Maba buxifolia, Pcrs. Sj-nops. Plant, ii. p. GOG n. 2 (1807).

M. foliis ellipticis vel obovatis vel lanceolatis, apice obtusis, basi angustatis, coriaceis vel

submembranaceis, glabris, breviter jietiolatis ; Jioribus 1—3-?w's subsessilibus trimeris pubescen-

tibus, cymis brevissimis, calyce corolldque breviter trijidis, staminibus 6—12 glabiis; in fonbus
femineis staminodiis 0, ovario hirsute, S-locula7'i ; fructibus globosis vel elUpsoideis, glabratis,

monospermis ; albumine non ruminato.
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Wiglit, Ic. pi. lud. Or. vol. iii. pt. i. p. 4. t. 7G3 (1843), Alpli. DC. Prodr. viii. p. 240.

u. 2 (1844), Thw. En. Ceyl. pi. p. 183 (1860).

HiGHULHAENDA, Herm. Mus. Zeyl. ix 21 (1717).

Pisonia {T) buxifolia, Rottb. in Nye Saml. Kong. Danske Skrift. vol. ii. p. .")36. t. 4. f. 2

(1783).

Ehrett'a ferrea, Willd. Phytogr. I. p. 4. t, 2. f. 2 (1794).

Ferrcvla buxifolia, Roxb. Coromand. vol. i. p. 35. t. 45 (1795), Juss. in Ami. Mus. v.

p. 418 (1804), Correa de Serra in Ann. Mus. VIII. p. 399. t. 65. f. 2 (1806).

Maba littorea, R. Br. Prodr. Fl. Austral, p. 527. n. 5 (1810) [Mr Bentham unites this

with 21. geminata, R. Br.].

Ferriola buxifolia, Roxb. Hort. Bengal, p. 72 (1814).

Ferreola guineensis, Sebum. Plant. Guin. jx 448 (1827), in Kong. Danske Vid. Selsk.

iv. p. 222 (1829).

Maba Cumingiana, Alph. DC. Prodr. viii. p. 241. n. 4 (1844).

M. madagascariensis, Alph. DC. I.e. n. 7.

M. guineensis, Alph. DC. I.e. u. 8.

31. Smeathmanni, Alph. DC. I.e. n. 9.

0) M. vacciniafolia, Benth. in Hook. Niger Fl. p. 442 (1849).

M. neilgherrensis, Wight, Ic. pi. Ind. Or. (iv.) un. 1228—9 (1850), Illust. Ind. Bot. ii.

p. 147. t. 148 bis E. (1850).

M. Menus, Wigbt. I.e. tt. 1228—9 (1850), non Spreng.

M. angustifolia, Miq. ex Thw. En. Ceyl. pi. p. 183 (1860).

A sbrub or tree
;
young parts pubescent, glabrescent ; branches terete, spreading at

3,5°—60°. Leaves elliiitical obovate or lanceolate, obtuse at apex, more or less narrowed at

base, coriaceous or submembranous, \—5 in. long by |^—2 in. wide, margins usually thickened

or reflexed and often undulated, veins inconspicuous, petioles -^—\ in. long, sometimes hairy.

Flowers subsessile, trimerous, pubescent, about 4 in. long, 1—3 together, in very short

axillaiy cymes, on the young branches. Calyx ^^ in. long, campanulate, with short deltoid

lobes. Corolla campanulate-oblong, shortly 3-fid, lobes elliptical. Stamens 6—12 in male

flower, in female, hypogynous, glabrous; ovary rudimentary and hairy in male flower,

3-celled in female flower, style 3-lobed at apex. Fruit globose or ellipsoidal, glabrate, 4—| in.

thick; fruiting calyx cupuliform, shorter than the fruit; seeds solitary; albumen white, car-

tilaginovis, not ruminated.

Dr Thwaites, who has seen gi-owing in Ceylon many forms of this polymorphic and

widely distributed species, gives the following varieties:

Vai-. /S. microphylla, foliis parvulis.

Var. 7. Ebeinis, foliis majoribus membranaceis parum acuminatis vel retusis sispe subor-

biculatis.

Var. S. angustifolia, foliis lanceolatife vel lineari-lanceolatis, obtusis.

Dr Thwaites I. c. adds : " I have devoted much time to the examination of the several

very different-looking varieties of this plant, expecting to discover some sufficiently important
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constant characters to enable me to separate them specifically, but I find them so com-

pletely connected together by intermediate forms that I have no hesitation in considering

them all as representing only one very variable species ; variable it may truly be called,

since the leaves in var. /3. are sometimes not a quarter of an inch in length, whilst in var. S.

they reach, to five inches in length."

East Indies, Wallich ! list 4145, 7461, 753o ; Br Wight! 1729, 1730, 1731; Koenig 1

;

Perrottet/; DrAbelf; Malacca, Chr. Smith! 9d, JJr Maingay/ 979; Heifer and Griffith/ 3641;

Ceylon, Walker! 263, Br Thimites/ 477, 1916, 1917, 3395; Philippine Islands, Cuming/

1694; Sooloo I., Wilkes/

New Caledonia, Panclier/ 249, Vieillard! 2S64, 2873, 2877 (?).

Australia, North Coast Bay, R. Broiun

!

Madagascar, Gerard/ 28, Bernier! 112, PervilU! 700

Tropical Africa, Congo, Chr. Smith/, Br Welwitsch/ 2527; SieiTa Leone, Smeathmann /

;

I. St Thom<3, Bon /{I); Guinea, Lejn-ieur

!

In Ceylon it is called Kaloo-Jmharaleya-gass, in Godaveri forests Nella maddi, and in

Madagascar Cacason inainti.

The following specimens seem to me to belong to this widely-spread and variable species;

namely, a plant in fiiiit from the Isle of Pines, Loyalty Islands, Oceania, collected by Sir

E. Home (1853, Hb. Mus. Brit.) and Milne, n. 12 (1853, in Hb. Kew.); and a plant with

subsessile ^ flowers and fruit from the Fiji Islands collected by J. Storck, n. 898 in 1860,

which Dr B. Seemann in Fl. Vit. p. 152 (1866) refers to M. elUptica, Forst. var. glabrescens.

A specimen stated to have been brought from the Straits of Magellan (but probably

by mistake) in Herb. Commerson in fruit seems also to belong to this species.

According to Dr Roxburgh, this species among the mountains of the Coromandel coast

of India grows to a small tree, but in the low countries it is only a shrub; it flowers during

the hot season ; the berries when ripe are there universally eaten and are very well tasted

;

the wood is dark-coloured, remarkably hard and durable, and when its size will allow it is

employed for such uses as re(iuire the most durable and heavy wood.

13. Maba lancea, .sp. nov.

M. foliis lanceolato-oblongis, ajnce acutP. acuminatis, hasi angustatis, siibglahris, suhtus

pallidis, supra nervis inconspicicis, jietiolaiis ; floribus masculis subsessilihus, dense cymosis, tri-

meris rarius pentameris, staminibus 5—6 (?), antheHs basi pid)escentibus, ovario 0.

Young parts and inflorescence pubenilous ; branches straight, terete, dark, spreading at

about 50°. Leaves lanceolate-oblong, alternate, firmly submembranous, opaque, acutely acu-

minate at apex, somewhat narrowed at base, nearly glabrous except the veins beneath, dark

green on upper side, pale beneath, with veins inconspicuous on upper side ; 3—4 in. long by

1 in. or rather more wide
;

petioles
-fj^
—| in. long.

d' . Flowers small, several together, crowded on very short ferruginous-hairy axillary

cymes, ferruginous liairy (closed in the specimen) ; bracts rounded ; calyx openly campanu-

late, -}j in. long, deeply 3-fid ; with ovate acute lobes pubescent on both sides ; corolla (closed)

T^j in. long, ovoid-conical, covered outside with pale ferruginous shining hairs, 3 ?-lobcd, glabrous
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inside; stamens 5—6 (?), liypogynous, erect, anthers subsessile, hairy towards the base, subu-

late ; ovary 0. Occasionally a calj^s is pentamerous.

Africa, Sierra Leone, Smeathman !

14. Maba obovata, R Br. Prodr. Fl. Austr. p. .527. n. 2 (1810).

M. foliis obovatis, apice rotundatis vel retusis, basi cuneatis, breviter petiolatis, nervis ia-

conspicuis ; floribus masculis 3

—

7-nis, trimeris vel rarius tetrameris, brevissime cymosis, cam-

panulatis, staniinibus 6—12, scepius 9, ovarii rudimento villoso; floribus femineis solitariis htib-

sessilibus trimeris, staminodiis 0, ovario glabra trilociilari.

Alph. DC. Prodr. vni. p. 241. n. 5 (1844) ; Ettingsh. Blatt-skel. dikot. p. 90. t. 29. f. G,

t. 32. figs. 1, 2 (1861).

Young parts appressedly pubescent ; branches terete, smooth. Leaves obovate, usually

retuse or rounded at apex, cuneate at base, thinly coriaceous, about li in. long by 1 in.

wide, veins inconspicuous, margins undulated, scarcely recurved, of same colour on both sides

;

petioles -^ in. long.

^ . Flowers campanulate, ^

—

I in. long, 3—7 together, in very short axillary cymes

crowded on the young shoots; calyx 3-fid or unequally 4-fid, somewhat pubescent outside,

glabrous inside, lobes ovate ; corolla whitish, exceeding the calyx, 3—4-fid, lobes obtuse,

somewhat patent appressedly subsericeous outside ; stamens 6—12, usually 9 and alternately

in pairs, glabrous
;
poUen white ; ovary rudimentary, hairy.

5 . Flowers solitary, axillary, subsessile, like S but rather thicker ; trimerous ; stami-

nodes 0; ovary glabrous, 3-celled, subglobose, cells 2-ovuled; style shorter than the ovary,

stout, deeply 3-fid, glabrous ; stigmas emarginate at apex, glabrous.

Australia, Carpentaria Islands, B. Brown/, flowers in November.

Mr Bentham unites this species with M. humilis, R Br. The glabrous ovaiy in the

5 is exceptional in this section of the genus, but the rudiment of the S ovary is hairy

;

possibly the two sexes belong to different species, but the foliage is quite alike in both.

1.5. Maba GEMINATA, R Br. Prodr. p. 527. n. 4 (1810).

21. foliis obovatis, apice subretusis vel obtusis, basi cuneatis, coriaceis, ylabris, petiolatis;

fructibus 1—S-nis, subsessilibus, subglabris, ellipsoideis ; calyce fructifero breviter cupuliformi,

trilobo, subglabro ; floribus masculis 5

—

7-nis, subsessilibus, trimeris, campanulatis, calyce pube-

rulo, staininibus 9, glabns.

Alph. DC. Prodr. vili. 242. n. 13 (1844); Benth. Fl. Austr. iv. p. 291. n. 8 (18C9),

excl. syn.

Diospyros geminata, F. Muell. Austral. Veg. in Intercolonial Exhibition Essays, ISGG

—

G7, p. 35 (1867).

A tree, glabrous except the flowers and fruit, with a diffuse irregidar head ; branches

terete, cinereous, smooth, spreading at 45". Leaves obovate, coriaceous, subretuse or obtuse

at apes, cuneate at base, li to 3 in. in length, by f to 2 in. in width; petioles j

—

I in.

in length.
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^ . Flowers in subsessile clusters, about 5 to 7 together, i in. in length, oblong ; calyx

dark, with scattered short hairs, 3-lobed at apex, -^^ in. in length, lobes depresso-deltoid

;

corolla pale, sericeous, 3 -fid. stamens 9, free, equal, glabrous, mostly hypogynous; ovary rudi-

mentary.

9 . Flowers 3 together, subsessile ; fruit 1 to 3 together, ellipsoidal, subglabrous, j in.

in length by I in. in width, subsessile, 1—2-celled, terminated by remains of style, 1-seeded,

straight, rarely 3-ceUed and 3-seeded ; fruiting calyx, -i^—f in. high, cup-shaped, with 3 broad

and shallow lobes ; seed il in. in length by ^ in. in thickness with a depressed longitudinal

line ; albumen not ruminated ; radicle more than double the length of the cotyledons.

A slender tree attaining 50—GO feet in height and 9 to 12 inches in diameter, with

dark scaly bark, found growing in the scrubs ; wood soft and tough ; fruit eaten by the

natives {Thozet).

E. Australia, from Moreton Bay to Rockingham's Bay; Queensland, Dallachi/!; Eodd's

Bay, N. E. Australia, J. Cunningham/ 30G; Moretown Island, Dr Mueller'; Brisbane Eiver,

Eraser !, Mueller!; Queensland Woods, London Exhibition, 1862, no. 50, Sill ! ; Keppel Bay,

Shoalwater Bay, Thirsty Sound, Broad Sound, B. Brown!

IG. Maba humilis, R Br. Prodr. p. 527. n. 3 (ISIO).

M. foliis ohovatis, parvis, apice rotundatis vel subretusis, basi cuneatis, coriaceis, glabris,

suhsessilibiis ; flonhus masculis 3-7iis, hrevissime cymosis, trifidis, camjmnulatis, calyce s-u6-

gldbro, staminibus S—9, glabris, ovarii rudimento hirsuto ; jioribus femineis solitariis, sub-

sessilihus, trilohis ; fructibu^ glabris, apice hiHellis, ellipsoideis, calyce fructi/ero cupuliformi,

glairo.

Alph. DC. Prodr. viil. p. 242. n. 12 (1844); Benth. Fl, Austr. iv. p. 291. n. 9 (1869);

non Ettingsh. Blatt-skel. dikot. p. 90. t. 3G. f. 8 (18G1).

Diosprjros hwmilis, F. MueU. Austral. Veg. in Intercolonial Exhibition Essays, 1866—67,

p. 3o (18G7).

An erect bush glabrous or puberulous except the flowers, 2—5 feet or sometimes 20 feet

high, much branched ; branches terete, subcinereous. Leaves obovate, rounded or retuse at

apex, narrowed at base, coriaceous, ^—1^ in. in length by ^—§ in. in width
;
petioles -^j^

—^ in.

in length; veins not conspicuous; young leaves with a few depressions on the lower surface

which disappear from the older leaves.

i . Cymes 3-flowered, ^ in. in length ; flowers not much exceeding ^ in. in length

;

calyx in the dry state of a chestnut brown colour, 3-fid, subglabrous; corolla not much

exceeding caiyx, 3-fid, lobes straight, light-hairy outside ; stamens 8 or 9, some in pairs,

h3rpogynous, glabrous ; ovary rudimentary, hairy.

? . Flowers solitary, subsessile, ^ in. in length, oval ; calyx pubescent, subferruginous, with

3 shallow rounded lobes, turbinate ; corolla not much exceeding calj-x, hairy outside. Fniit

solitary, 3-cclled with cells 2-seeded, or 1—2 cells often abortive and seed .solitary, glabrous

except at ape.x, f^ in. in length ellipsoidal; fruiting calyx between a half and a third of
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the length of fruit, cupshaped, at first with a short cylindrical base, glabrous ; radicle longer

than the cotj-ledons.

Australia, from Ai-nhem Land to the islands in the Gulf of Carpentaria and to the

tropic in East Australia. Rockhampton, Dallachy and 0' Shanesy ! ; Point Pear, Mueller!;

Dawson River, Mueller!; Burnett River, Mueller!; Gilbert River, Mueller!; Cliffs on the

entrance of the Victoria River, Mueller !; Sweers Island, Henne !; Broad Sound near upper

head, in thickets not far from the shore, R. Brown!

17. Maba ektictjlata, R. Br. Prodr. p. 528. n. 6 (1810).

M. foliis obovatis vel ovalihus, apice emarginatis vel rotundatis, supra valde reticulatis,

coriaceis, glahris, hreviter petiolatis ; Jlorihus masculis 3

—

i-meris, 3

—

5-nis, brevissime cymo-

sis, campanulatis, calyce subglabro, staminibus 7— 14, glabris ; jlorihus femineis solitariis,

subsessilibus, corolla 3

—

i-fidct, staminodiis 0, ovario sericeo, S-loculari; fructihus glabratis,

subglobosis, calyce fructifero leviter aucto, intus breviter tonientoso, extus glabra.

Alph. DC. Prodr. viil. p. 241. n. 6 (1844) ; Benth. Flora Austr. IV. p. 291. n. 7 (18G9).

M. interstans, F. Muell. Fragm. bot. V. p. 163 (1866).

A shrub of 8 ft. or a tree from 20 to 30 feet in height, erect, glabrous or very quickly gla-

brescent, much branched ; branches terete, spreading at about 4.5"—.50°, bark cinereous,

thinly rimose. Leaves oval or obovate, emarginate or rounded at apex, suddenly narrowed

or rounded at base, margins often recurved, highly reticulated above, midrib depressed

above, coriaceous, li to 4 in. in length by ^ to 2J in. in width
;
petioles -^—| in. in length.

<J. Cymes 3—5-flowered, hairy, -^—fin. in length, crowded on young branches
;
pedicels

very short, -with oval ciliate caducous bract at base ; flower 4 in. in length, usually tri-

merous, occasionally tetramerous ; calyx campanulate, dark, yV ^^- ^^ height, with 3 or rarely

4 roundly deltoid lobes reaching about halfway down calyx, subglabrous ; corolla 3—4-fid,

argenteo-sericeous outside, narrowly urceolate; stamens 7—14, hypogynous, equal, glabrous,

when numerous many in pairs, about ^ in. in length ; anthers about -j^ in. in length, nar-

row ; ovary rudimentary, hairy.

? . Flowers solitary, subsessile, thick, about 4 in. in length ; calyx 3-fid, nearly hemi-

spherical, nearly glabrous outside ; corolla urceolate, 3- or unequally 4-fid, silky ; staminodes

; style scarcely any ; stigma 3-lobed ; ovary globular-pointed, silky, pale, 3-ceUed, cells

2-ovuled ; fruit globular or depresso-globular, | in. thick, glabrate and shining ; fruiting calyx

3-celled, 3-seeded, somewhat accrescent, finally recurved or spreading, covered inside with

dense furlike hair, glabrate outside, ^ in. across.

Australia, Cape York, Voyage of Rattlesnake, October 1848, John Macgillivray ! 439

;

3Ir Daniel! March 1868; Rockingham Bay, Ferd. Mueller! Dallachy; Prince of Wales and

Cumberland Islands, R. Brovjn! Nov. 2, 1802, in male flower.

18. Maba compacta, R. Br. Prodr. p. 528. n. 7 (1810).

M. foliis ovalibus, apice emarginatis vel rotundatis, coriaceis, glabns, reticulatis, hreviter

petiolatis; fructibus solitariis, subsessilibus, subglobosis, glabratis, nitentihus, S-locularibus,

3-spermis ; calyce fructifero patente vel refexo, intus tonientoso, extus glabra.
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Alph. DC. Prod. Yin. p. 242. n. 11 (1844); Benth. Fl. Austral. IV. p. 290. n. 6 (1869).

Known only in fruit ; shrub 4—5 feet high, erect, branched ; shoots terete, bark dark

cinereous ; crlabrous except the inside of the spreading or recurved calyx. Leaves oval,

suddenlv narrowed or rounded at base, emarginate or rounded at base, coriaceous, highly reti-

culated, 2—4 in. long (including dark petiole I—i in. long) by 1^—2^ in. wide; midrib

depressed above. Fruit subsessile, solitary, depresso-globose, yellow, about i iu. thick, glabrate

and shining, 3-celled, 3-seeded ; fruiting calyx ^ in. across, spreading or recurved, densely

covered on reflexed surface -with short furlike tomentum, glabrous outside.

Diffei-s from Maba reticulata by wider leaves and more spreading or reflexed not

cupuli-form fruiting calyx.

Austraha, North Coast Island, Feb. 18, 21, 1803, JR. Brown/

19. Maba Hillebrandii, Seem. Fl. Yit. p. 151 (1SG6).

If. foliis ohlongis vel ovato-oblonrjis, apice obtusis, basi rotundatis vel cordatis, glabris,

tenuiter coriaceis, supra crebre reticidatis, breviter petiolatis ; floribus solitariis sessilibus basi

bracteatis, ma-scidis S-mei-is, femineis 3

—

i-meris ; staminibus 9, glahris ; fructibus oblongis

subglabratis, calyce fructifero glabra, lobis deltoideis.

Glabrous except the inflorescence ; branches dark cinereous. Leaves oblong or ovate-

oblong, rounded or cordate at the base, usually obtuse at the apex, thinly coriaceous,

2—6 in. long by 1—3^ in. wide ; veins except midrib in relief on both sides, remarkably

prominent on the upper side, reticulated
;

petioles ^\j—^ in. long. Flowers solitary sessile

with several imbricated ciliate bracts at base.

^ . Flowers pubescent, trimerous ; stamens 9, 6 in 3 pairs alternating with the corol-

la-lobes and 3 distinct opposite the corolla-lobes, all glabrous ; ovary rudimentary, hairy.

5 . Fruit oblong, f in. long by J—| in. thick, subglabrate, somewhat oblique ; fruiting

calyx ^ in. long by |—1 in. wide at apex, 3—4-fid, glabrous ; lobes deltoid acute, some-

what spreading.

Sandwich Islands, Mountains, Oahu, Br Hillebrand!, Eemy ! 472.

20. Maba elliptica, J. R. et G. Forst. Char. Gen. PI. p. 122. t. 01 (1776).

M. foliis ellipticis vel oblongo-lanceolatis, apice obtusi^s, basi cuneatis, stibcoriaceis, glabres-

centibus, breviter petiolatis; cytnis axillaribus, 3

—

S-floris, pubescentibus ; floribus tr-imeris,

camjKtnulato-tubidosis ; staminibus 3 vel 6; ovario S-locidari, pubescente ; fructibus ellipsoideis,

peduncidatis, pubescentibus.

J. R. et G. Forst. Beschreib. Gatt. Pflanz. edit. Kcrncr, p. 127. t. xv. f Gl (1779) ; Poiret

ill Lam. Encycl. Meth. Suppl. in. p. .566. t. 803 (1813) ; Labill. Sert. Austro-Caled. p. 32. t. 35

(1824); Alph. DC. Prodr. viii. p. 240. n. 1 (1844); Ettingsh. Blatt-skel. Dikot. p. 90. t. 40.

f. 2 (18G1) ; non Seem. Fl. Vit. p. 1.52 (18G6).

Ehenus vulgaris, Rumph. Amb. Vol. ill. p. 1. t. 1 (1750).

"i Ebenoxylum verum, Lour. Fl. Cochinch. p. 613 (1790).
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Muha Ebenus, Spreng. Syst. Veg. ii. p. 126. n. S (1825), Alph. DC. I. c. p. 242. n. 17,

Hassk. Retz. I. p. 107 (185.5), non Wight.

lilaha', ebenoxi/lon, G. Don, Diet. Gard. and Bot. IV. p. 43. n. 10 (1837).

Diospyros hexasperma, Hasselt ex Hassk. PI. Javan. p. 468. n. 353 (1848).

A shrub of 6 ft. or more or a moderate-sized ti-ee or sometimes a lofty tree ; branches

slender, cinereous, terete, rather rough ; shoots hairy
;
glabrescent ; leaves elliptical or oblong-

lanceolate, obtuse at apex, euneate at base, glabrescent, subcoriaceous, 1^—4i in. long by

I— 1|^ in. wide
;

petioles -^^
—I in. long.

<S. Cymes longer than the petioles, I
—i in. long exclusive of the flowers, pubescent,

3—8-flowered, crowded on the young branches ; common peduncle -^—i in. long ; bracts

linear, small, caducous ; flowers trimerous, \ in. long, campanulate-tubular, pubescent ; calyx cam-

panulate, \ in. long, lobes deltoid-acute ; corolla tubular, 3-fid, yellowish white, lobes acute, -^ in.

long, rather patent; stamens 3 or 6, hypogynous, glabrous, distinct; ovary rudimentary, hirsute.

9 . Cymes \—i in. long ; flowers as in (J ; staminodes ; ovary hairy, ovoid, 3- (or

according to Labillardiere 4- or by abortion 2-) celled ; cells 2-ovuled ; style short ; stigma

3 (—4)-lobed ; fruit fleshy, pedunculate, crowded, greenish, ellipsoidal, scarcely 1 in. long

by -i in. thick, pubescent or nearly glabrous, 2—3-celled ; seeds triquetrous ; albumen car-

tilaginous ; "plumule indistinct ; fruiting calyx not accrescent, somewhat spreading, 3-fid,

\
—\ in. across; lobes deltoid.

Friendly Islands, Forster!, Capt. Cook!, A. Matthews ! Hi ; Navigator's Islands, Wilkes/

var. foliis acuminatis; Amboina, Rumf, Teijsmann!, Hasskarl ; Java, Hasselt; Cochinchina (?),

Loureiro ; New Caledonia, Lahillardiere !, Vieillard ! 893 ;
" Amsterdam Insula Oceani pa-

cifici" (= Tonga Tabboo, Friendly Islands), /. R. and G. Forster!. Called Maha, by the natives

in the Friendly Islands, and KiJiarapat in Java. The plant called Anume in Navigator's Islands

(see Rev. Thomas Powell in Seemanu's Journal of Botany, Vol. VI. p. 278, 1868) may belonf^ to

this species ; it is eaten by children, and flowers in June or July and in January or February.

Ditficult when young to distinguish from M. rufa, and approaching also M. huxifolia.

21. Maba sumatrana, Miq. PI. Junghuhn. i. p. 204 (1851—55), Fl. Ned. Ind. vol. ii.

p. 1051, tab. XXXVI. b (1856).

M. foliis ovato- vel ovali-oblongis, acuminatis, basi rotundatis, costatis, sitbtus secus costas

hirtellis ; cymis masculis axillaribus, multifloris ; calyce trilobo ; corolla ovoideo-tubulosd / sta-

minibus 9, glabris ; ovarii rudimento pubescente.

A subferruginous, pubescent tree, about 30 feet in height. Branches terete. Leaves

ovate- or oval-oblong, acuminate, rounded at base; margins flat, dark green, and with scat-

tered appressed long hairs on upper face; velutinous and subferruginous, especially on veins

beneath ; lateral veins numerous (about 8), plain beneath
;
petiolate ; subcoriaceous ; 2 J—4 in.

in length by |—Ii in. in width
;
petioles -^—I in. in length.

(5 . Cymes pedunculate, many-flowered, |—1 in. in length ; flower (in bud) | in. in

length, oblong, subferruginous, tomentose ; calyx i in. in length, 3-lobed at apex ; corolla

ovoid-tubular, with a slight constriction near middle, 3-fid ; lobes cordate, sub-acute ; sta-

mens 9, 6 in 3 pairs, 3 distinct, glabrous ; anthers as long as filaments ; ovary rudimentarj%

haiiy.

16—2
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Sumatra, Dr Fr. Junghuhn! 719 ; in woods near Tobing, ex Miq. in PL Jungh. i. p. 204;

Java, De Vriese

!

Marcreightia andamanica, Kurz in Kep. Veg. Andam. I. edit. ii. p. 42 (1870), M. obhngi-

folia, Kurz I. c. edit. i. p. XI. (1867), is said by IVIr Kurz in Journ. Asiat. Soc. Beng. vol. XL.

pt. ii. p. 74 (1871) to belong to Maba sumatrana, Miq. ; it is a dull dark green shrub, with

oblong submembranous leaves 7—8 inches long by 2i—3 in. wide, subcordate at base, and

robust petioles i in. long ; it was collected in South Andaman by Mr Kurz ! in which island

he states that it is common.

22. Maba Vieillaedi, sp. nov.

M. foUis obovato-ellipticis, apice rotundis vel retusis, basi cuneatis, coriaceis, glabris,

undatis, breviter petiolatis ; floribus masculis brevissime cymosis, rnomtrosis in speciininibiis

;

floribus femineis soUtariis breviter pedunculatis ; fructibus glabratis, albido-pulvertilentis, sub-

globo&is, calyce ti'ijido.

A tree of about 13 feet high
;
glabrous or on quite young parts slightly pubescent

;

branches numerous, terete, smooth ; leaves oval or somewhat obovate, coriaceous, alternate,

rounded or somewhat emarginate at apex, more or less narrowed at base, shining, of same

metallic lustre when dry and without conspicuous veins on each side, coriaceous, 1—2 in.

long by J—1 in. wide
;
petioles ^\—| in. long, dark and rather stout ; wa\'y (in the dry state)

and with revolute margins.

«J . Cymes axillary on young branches, about ^ in. long, recurved, pubenilous ; flowers

about ^ in. long, monstrous in the specimen (Deplanche, 449) by the stamens being petaloid,

puberulous ; calyx and corolla campanulate, about ^ in. long, deeply 3-fid ; ovary 0.

2 . Fruit solitary, on peduncles about I in. long, puberulous or glabrate, subglobose,

glabrous, covered with white efflorescence, nearly i in. in diameter, 3-celled, 5—6-seeded

;

.seeds about J in. long ; albumen scarcely ruminated, but with slight sinuous intrusion of the

rather thick testa; fruiting calyx, puberulous outside, glabrous inside, not accre.scent, appressed

to base of r it, 3-fid, ^ in. across.

New Caledonia, Vieillard! n. 897; Deplanche! 448 (in frait), 449, Kanala ; Puncher.',

Iron Mountains of Kanala, 1862.

The following two species are very imperfectly known:

23. Maba Andersoni, Soland. MSS. in Herb. Mus. Brit., Seem. Fl. Vit. p. 152 (1866).

M. arborea, ramis cinereis glabris; foliis ellipticis, apice obtusis, basi subrotu7idis, petio-

latis; floribus pubescentibm, siihsessilibus, masculis glomeratis ; fructibus soUtariis.

A tree with cinereous branches, glabrous except the inflorescence, ai)parently dioecious.

Leaves alternate, elliptical, obtuse at apex, rounded or nearly so at ba.se, of imiform colour,

with minute net-veins, 4J

—

b\ in. long by 2^—3} in. wide
;

petioles about ^ in. long.

3 (?). Flowers subsessile, clustered several together on the young branches.

9 . Fruit solitary, subsessile, with wide articulation at base to the very short peduncle.

Tonga Islands, Capt. Cook!, third voyage.

Possibly identical with M. viajor, Forst. The foliage is somewhat like that of M. com'

pacta, R. Br.
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2i. Maba major, G. Forst. PL EscuL Insul. Ocean. Austr. p. 54, n. 21 (1786).

M. arborea, fructibiis edidihus hipollicanhus, ceterum M. ellipticoB similibus, 2

—

2-spermis

;

seminibus triqueti-is.

Cook, Voyage to the Pacific Ocean in 1776—80, edit. ii. p. 393 (1785) ; Alpli, DC. Prodr.

vra. p. 242. n. 15 (1844).

A tree known only from its fmit, which is 2 in. long, " roundly oval," like that of

M. elliptica Forst., but three times the size, tough, egg-shaped, and containing 2 or 3 trique-

trous seeds in cells. The taste is insipid, but nevertheless is used by the natives of the

Friendly Islands for food, and is frequently planted near their houses; they call it Maba or

Mabba.

Tongatabu, Namoka, E-uwa, Hapa-i, and other of the Friendly Islands, G. Forster,

Capt. Cook.

25. Maba Grisebachii,

M. glaucescens, foliis rotundato- vel ovaZi-ovatis, apice spinuloso-apiculatis, coriaceis, basi

rotundis vel subcordatis, brevissime petiolatis, reticulatis ; floribus femineis solitariis, axillanbus,

brevissime pedunculatis, tnmeris ; corolke lobis ovatis, acutis ; staminodiis 6, glabris, uniseriali-

bus; ovario ovoideo-conico, hirsuto, apice glabra, 6-loculan, %-ovidato.

Macreiglitia buxifolia, Grisebach, Catal. Plant. Cubens. p. 169 (1866).

Pale glaucescent shining stiff (shrub ?), with terete branches spreading at about 50"—60°,

glabrous except the flowers. Leaves alternate, crowded, rotund, oval, or ovate, spinulose-

apiculate, coriaceous, rounded or subcordate at base, shortly petiolate, average size II in.

long (including petiole and apiculus) by ^ in. wide
;
petioles ^ in. long by Jj in. wide, dilatato-

concave; veins reticulated, in relief on both sides, more conspicuous on under-side.

9 . Flowers solitary, crowded, in axils of upper leaves, shortly pedunculate, 4 in. long,

tiimerous
;
peduncle equalling or sUghtly exceeding the petiole, hairy ; calyx | in. long, thickly

coriaceous, covered outside with close short pale hairs and inside with denser hair except

near base; lobes fin. long, broadly ovate, suddenly acuminate at apex, with sides revolute

and sub-auricular at base, somewhat concave within to make room for the ovary. Corolla

^ in. long, hairy like the calyx outside except near base, glabrous inside ; lobes -^ in. long,

ovate, acute, spreading; tube triangularly prismatic. Staminodes 6, ^ in. long, glabrous,

nearly equal, uniseriate, inserted near base of corolla. Ovary i in. long (including style), ovoid-

conical, continuous with the 3-lobed style, covered except at apex with short dense pale hair,

6-celled, cells 1-ovuled.

E. Cuba, near St Antonio, WHght ! No. 2938.

26. Maba caeibj:a.

M. glaucescens, foliis obovatis, apice rotundatis vel emarginatis, basi angustatis, coriaceis,

glabris, reticulatis, breviter petiolatis ; Jloribus masculis brevissime cymosis, pubescentihus, tn-

meris, staminibus 8 ; Jloribus femineis soUtariis, sessilibus vel breviter pedu)iculatis, trimeris,

staminodiis 3—6, ovario dense hirsuto, 6 l-loculaii, 6-ovulato ; fructibiis subglobosis, glabris,

nitentibus ; albumine ruminato.
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Macreightia caribcea, Alph. DC. Prodr. viii. p. 221. n. 1 (1844), non Griseb. Veg. Karab.

Ins. Guadal. p. 91. n. 846 (18.57, = Casasia calophijlla Rich.).

Tree, glaucesceut, glabrous except very young parts and flowers, which are pale fulvous

and softly pubescent ; branches making 60° with stem. Leaves obovate, rounded or emarginate

at apex, somewhat narrowed at base, coriaceous, midrib depressed above, glabrous, plane but

margins reflexed ; net-veins very closely and clearly reticulated, raised on both sides ; li—3 in.

in length by |—1^ in. in width, rather paler beneath
;
petioles -^ in. in length.

S . Cymes very short, usually 3-flowered, pubescent, pale fulvous; flowers narrowly oval;

calyx tubular, with 3 shortly deltoid lobes at apex; corolla 3-fid; glabrous and dark inside;

stamens 8, unequal; ovary rudimentary, hairy.

5 . Flowers solitary, sessile or on peduncles i—| in. in length, pubescent, |—J in. in height

;

bracts small, i^ubescent ; cah-x coriaceous, thick, with wide undulating diverging and auricled

lobes; openly campanulate, deeply 3-fid, fin. in width, hairy on both sides; corolla 3-fid,

i in. long, lobes acute, glabrous inside, hairy outside ; staminodes 3—6, equal, inserted near

base of corolla ; ovary densely hairy, 6 ?-celled, 6-ovuled. According to Grisebach (Fl. Br. W.

Ind. p. 404) the ovary is 3-celled, with 3 other incomplete dissepiments separating the gemi-

nate ovules. Fruit squarely subglobose, glabrous and shining, orange-coloured, about 1 in. in

diameter ; fruiting calyx nearly as wide, but not accrescent, horizontal ; lobes with replicative

sinuses; albumen deeply ruminated.

Cuba, C. Wright! 1331, near village called Monte Verde, E. Cuba; Eugel, 662; Haiti,

C. Ehrenherg ! ; Nectoux ! ; Antilles!; " America meridionalis," i?tc/tarc^ / in Hb. Vahl.

27. Maba intricata.

M. glaucescens, tntricato-ramosa, foliis ohovafis, apice rotundatis, hasi cuneafis, coriaceis,

brevissime petiolatis ; fructibus globosis, glabratis, uncialibus, breve pedunculatis, G-spermis,

albumine non ruminato, cahjce fructifero patente, trilobo.

Macreightia intricata, A. Gray in Proceed. Amer. Acad. v. p. 163 (Jan. 1862).

Pale glaucescent (shrub?), Avith intricate branches spreading at 60°—SO"; young parts

•weakly and appressedly pubescent. Leaves obovate, cuneatc at base, rounded at apex, few-

veined, appressedly and inconspicuously pubescent on midrib and beneath, about 1 in. long

by i in. wide ; coriaceous
;
petioles very short. Fruiting peduncles arching-reflexed, I—J in.

long, tougli, glabrous, solitary; fruiting calyx flat, I in. in diameter, covered with very short

inconspicuous and weak pale hairs, with 3 rounded lobes, I in. long, reflexed at tip ; fruit

of bright orange colour, glabrate, globular, about 1 in. in diameter, 6-seeded; albumen not

ruminated.

Lower California, Cape St Lucas, &c., Xantus/ 68, Aug. 1859—Jan. 1860.

28. Maiu alhens.

M. foliis obovato-oblongis, ittrinque cnigustatis, confertis, molliter pubendis, subtus albenti-

hvs, subcoriaceis, breviter petiolatis; foribus masculis 3-nis, brevissime cyjuosis, 3—4

—

5-rneris;

staminibus 12—11, glabris; ovarii rudimento pubescente.
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Diospyros alhens, Presl, Reliq. Haenk. ii. p. 62 (1835-6).

Macreightia albens, Alpli. DC. Piudr. viii. p. 221. n. 2 (18i4); Ettlngsli. Blatt-skel. Dikot.

p. 89. t. 38. f. 11 (1861).

A shrub or tree with pallid or cinereous bark and dull leaves ; branches terete, glabrescent

;

young parts pubescent; leaves obovate-oblong or lanceolate, more or less narrowed at both

ends, crowded, softly puberulous, dull green above, paler beneath and with minute scales,

subcoriaceous, midrib slightly depressed beneath, veins slender ; l-J—3 in. long by f—li in.

wide
;

petiole j\
—^ in. long.

^ . Flowers arranged on short (^—i in. long) pubescent 3-flowered cymes, which grow

on the youngest shoots
; | in. long by i in. wide ; calyx campauulate or ovoid, J in. lono- by

1 in. wide, unequally 3-fid (occasionally 4—5-fid with lanceolate lobes), pubescent on both sides-

lobes usually ovate ; corolla shortly 3—4-lobed, urceolate-oblong, pubescent outside, o-labrous

inside, lobes oblique, imbricated sinistrorsely ; stamens 12—11 (6 filaments, 2 together ex Presl

I. c.) all or some inserted at the base of the corolla, glabrous ; ovary rudimentary, pubescent.

Flowers in June.

Mexico, Acapulco, Presl, Haenke ! 47; Soledad, Br IVawra/ 168.

29. Maba ixconstaxs, Grisebach, Fl. Brit. W. lud. p. 404 (1864).

3f. foliis ohlongo-ohovatis vel ollongis, apice obttms, basi angustatis, subglabris vel sub-

tomentosis, tenuiter reticulatis, subcoi-iaceis, interdum minute pellucido-punctatis, hreviter peti-

olatis ; florihus masculis breviter cymosis, 3

—

^-meris; staminihus 6—12, scepius 9, incequalibus,

glabris ; fioribiw femineis subsoUtariis, 3

—

{4:-)meris ; staminodiis S—4; ovario hirsuto, Q-locu-

lari; fructihiis solitariis, 6-locularibus, depressv-globosis, subglabratis ; seminibus oblongis ; albu-

mine non ruminato.

Macreightia inconstans, Alph. DC. Prodr. viii. p. 221. n. 6 (1844).

Diospyros inconstans, Jacq. Amer. p. 276, t. 174. f. 67 (1763).

Macreightia conduplicata, Alph. DC. Prodr. Viii. p. 221. n. .5 (1844).

Diospyros conduplicata, Kunth in Humb. et Bonpl. Nov. Gen. iii. p. 254 (1818).

Diospyros Berterii, Alph. DC. Prodr. Viii. p. 234. n. 61 (1844).

Diospyros obtusifolia, Bert, in Alph. DC. I. c, non Humb. et Bonpl.

Macreightia obovata, Mart, in Fl. Bras. vii. Eben. p. 9. t. 2. f. 3 (1856).

Macreightia psidioides, Alph. DC. Prodr. vill. p. 221. n. 4 (1844).

Diospyros pisidioides, Kunth in Humb. et Bonpl. Nov. Gen. iii. p. 254 (1818).

A moderate-sized dioecious (monoscious, according to Jacquin) tree or shi-ub, with youno'

parts and inflorescence fulvo- or ferruginous-pubescent, more or less glabrescent. Leaves alter-

nate, oblong-obovate or oblong, subglabrous or subtomentose-pubescent, reticulated, subcoria-

ceous, somewhat narrowed at base, and more or less pointed or obtuse at apex; sometimes

minutely pellucid-punctate; margins just recurved. If—6 in. long, |—2| in. wide; midrib

depressed above
;
petioles a—\ in. long ; cymes short, drooping, 3-flowered or 3-several-flowered

in male plants, ^^—^—J in. long ; bracts small, caducous, acute, ovate or lanceolate or obovate-

oblong.

J . Flowers ^^—| in. long, 3—4- (usually 3-) -merous, campanulate-oblong ; calyx -^—i in.

long, campanulate, pubescent; lobes ovate, somewhat spreading, about equalling the tube or



128 Mb HIERN, on EBENACE^.

exceeding it ; corolla glabrous (villous, according to Jacquin) within, pubescent outside, conical

at apex in bud ; lobes ovate-lanceolate, about equalling the tube ; stamens 6—12, usually 9

(3—10, according to Jacquin), unequal, either distinct or in pairs or 3 together, inserted at

base of corolla or partly hypogynous, glabrous ; ovary abortive ; receptacle hairy.

5 . Cymes soon becoming 1-flowered by lapse of the lateral flowers, tt^—J in. long.

Calyx openly campanulate, 3- (4-) fid, with rounded lobes, about | in. across, puberulous out-

side, tomentose inside ; corolla widened below, the lobes extending only ^ way down, densely

ferruginous-pubescent outside; staminodes glabrous, (in one flower) 4, 2 being distinct and 2

combined by their filaments ; in another flower 3, alternating with the corolla-lobes ; ovary

6-celled, 6-ovuled, fL in. high, covered outside with short appressed drab hairs ; style simple,

columnar, -jL in. high, trifid at apex, hairy at base ; stigmas punctiform ; fruit solitary, 6-celled,

yellowish, with black bitter pulp, depresso-globose, subsessile or shortly stalked, ^—| in. thick,

subglabrate and shining ; fruiting calyx about | in. in diameter, reflexed or nearly flat, with

3 (4) rounded or bifid lobes, tube thickened within ; seeds oblong; albumen not ruminated.

The following varieties may be noticed

:

a. olovata. A tree or shrab with obovate-oblong leaves.

/S. granatensis. A shrub with oblong leaves. Occasionally the leaves are couduplicate

(in the dry state).

Flowers in February, July, and September.

S.America, St Vincent, Guilding!; Martinique, PUe! 762; New Granada, Carthagena,

Jacquin, Triana! 2613; Sabanilla, Karsten! ; S^ Martha, Pitrdie! Goudot ! No. 1; Guayaquil,

Bonpland! 3846; Brazil, Pohl ! 1980, Sello ! 1211, 1689, 2301; Rio Janeiro, Gaudichaud !

;

Minas Geraes, Weddell ! ; Br Regnell! iii. 1516.

30. Maba acapulcensis.

M. foliis ohovato-lanceolatis, apice aciitis, hasi cimeatis, vtrinque JiirtelHs, siihtus suhcanes-

centibm, reticulatis, submemhranaceis, jietiolatis ; fructihus solitariis, subsessilihus, subglobosis,

uncialibus ; cahjce fructifero patente, profunde S-fido; albumine non ruminato.

Macreightia acapidcencis, Alph. DC. Proilr. viii. p. 221. n. 3 (1844), excl. Syn. Diospyros

salicifolia.

Diospyros acapulcensis, Kunth in Humb. et Bonpl. Nov. Gen. iii. p. 254 (1818).

Terminal buds oblong, sericeous-tomentose ; the axillary ones smaller, pubescent ; shoots

glabrous, dark-cinereous, smooth ; leaves obovate-lanccolate, acute, cuneate at the base, hir-

tcUous on both sides, especially beneath where they are subcanesceut, reticulato-venose, mem-
branous, 2 J in. long or more, by about fin. wide, petiolate; fruit solitary, subsessile, sub-

globose, 1 in. in diameter; fruiting calyx flat, nearly 1 in. across, deeply 3-fid; lobes widely

ovate, felted inside, puberulous outside ; albumen not ruminated ; cotyledons oblong, rather

obtuse, double the length of the radicle.

Mexico, Acapulco, Bonpland

!
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31. Maba salicifolia.

M. ramis teretibus cviereis, junionhus ptibescentibus ; foliis lanceolato-ohlongis, utrinque

angustatis, apice ohtusis, coriaceis, supra glahrescentihus, subtus puhescentibiis, breviter petio-

laiis, nervis inconspicuis ; fructibus solitariis, globosis, glahns, breviter pedunculatis ; calyce

fructifero trifido, utrinque puberulo, appresso.

Diospijros salicifolia, Humb. et Bonpl. ex Willd. Sp. PI. IV. p. 1112. n. 18 flSOo) ; Hb.

Willd. n. 19250.

Young leaves and shoots pubescent ; branches cinereous, terete. Leaves lanceolate-oblong,

narrowed at both ends, obtuse at apex, glabrescent above, coriaceous, with inconspicuous

veins, about 2J in. long by | in. wide
;
petioles \ in. long, puberulous. Fruit solitary, globose,

glabrous, shining, of a pale orange colour, about 1| in. in diameter; peduncles \ in. long,

stout, puberulous ; calyx 3-fid, appressed to base of fruit, puberulous on both sides, about

1 in. across, lobes semi-elliptical, with obscure parallel veins.

Equatorial America, Humboldt and Bonpland !

Alph. De Candolle unites this species with M. acapulcensis, but the foliage is sufficiently

different.

32. Maba Pavonii.

3L foliis oralibus, apice acutis, basi obtusis, supra subglabris, subtus velutinis, subcoria-

ceis, breviter petiolatis ; floribus masculis cymosis, brevissime pedicellatis, o-meris, pubescenti-

bus ; floribus femineis solitariis, breviter 'pedunculatis.

Macreightia Pavonii, Alph. DC. Prodr. VIII. p. 222. n. 7 (1844.).

Branches puberulous. Leaves oval, acute at apex, rather glabrous above, velutinous and

paler beneath and on the petioles, 5—6 in. long by 2f in. wide ; midrib puberulous above,

thinly subcoriaceous
;

petioles \ in. long.

S. Flowers f in. long, several together on axillary fulvo-tomentose peduncles which are

about I in. long
;

pedicels scarcely ^ in. long. Calyx \ in. long, ovoid, hairy on both sides

;

lobes ovate, acute. Corolla fulvo-sericeous outside except at base, glabrous outside, twice the

length of the calyx.

5 . Flowers solitary, ^ in. long
;
peduncles \ in. long ; calyx deeply 3-fid ; lobes oval,

submucronate.

Local name Orlaca. Peru (?) or Mexico (?) ex Alph. DC, Pavon!

33. Maba Mannii, sp. nov.

M. glabrescens, foliis ovalibus, apice obtusis, basi rotundatis vel parum angustatis, siibco-

riaceis, breviter petiolatis ; floribus masculis 3-nis, brevissime cymosis, trimeris, staminibus G—9,

leviter hirsutis, basi corollce insertis ; ovarii rudiniento hirsuto; fructibus solitariis, subsessilibus,

subglobosis, glahratis, 5—G-locularibus ; calyce p)arvo, patente, leviter puberido ; seminibics 5—6,

albumine ruminato.

A small tree, growing by rivers
;

glabrescent, dark when dried ; branches terete, erect-

patent. Leaves oval, browner beneath, subcoriaceous, spreading, midrib and lateral veins

Vol. XII. Part I. 17
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clear, raised beneath, depressed above, 3 to 5 in. in length by li to 2\ in. in width; petioles

Jj5—i in. in length ; flowers snbsessile.

S. Cymes very short, very slightly pubescent, dark, 3-flowered, thick. Flower trimerous,

I—I in. in length, slightly hairy, white when living, dark when dry. Calyx ciliate and

slightly hairy, -^ in. in height, with 3 rounded lobes about ^ in. in length, campanulate, not

appressed to corolla, not accrescent ; corolla tubular, glabrous, 3-lobed near apex ;
lobes ^ of

the depth of the corolla, rounded. Stamens 8 (6—9), linear, acute, somewhat hairy, inserted

at base of corolla, in 2 series (6 in outer series). Ovary rudimentary, hairy.

5 . Fruit glabrous, of bright orange colour when ripe (glabrescent), sub-globose, ob-

.scurely 5—6-sided, (5-) 6-celled, 5—6-seeded, nearly 1 in. in diameter. Fruiting calyx hori-

zontal, small, -^ in. across, faintly puberulous ; albumen ruminated.

Flowers in Aprd, near the Equator, West Africa, Niger Expedition, Barter! 1220;

Bagroo River, Mann! 839; Quorra, Vogel!

34. Maba SeychellarxJjM, sp. nov.

M. fruticosa, foliis anguste elliptids, apice obtusis, glabris, subcoriaceis, disticliis, mbsessi-

libus ; Jloribus femineis solitariis, subsessilibiis, pubescentibus, trimeris, calyce Ireviter S-lobo,

staminodiis 3—6, glabris, basi corollce insertis, ovario ovoideo, 3-locuhri, locuMs biovidatis, stylo

apice 3-lobo ; fructibus ellipsoideis, glabris ; calyce fnwtifero cupuliformi, appresso ; seininibus

solitariis, albumine non ruminato.

Shrub 10—12 ft. high ; branches dark-cinereous, terete, at 35°, \vith .short patent hairs

at extremities, glabrescent; terminal bud with light brown pubescence. Leaves narrowly

elliptical, obtuse or notched at apex, slightly narrowed at base, subsessile, distichous, somewhat

convex from above in dried state ; midrib depressed above, other veins inconspicuous ; sub-

coriaceous,, glabrous, 1 to 2 in. in length by ^ to i in. in width ; intemodes ^ to J in. in

length.

9 . Flowers solitary, subsessile, with light brown pubescence, ^ in. long. Calyx campanu-

late, I in. long, with 3 shallow depresso-deltoid apiculate lobes, pilose outside, glabrous within.

Corolla 3-lobed, divided moje than half-way down, hairy outside except near base, glabrous

inside ; lobes obtuse, imbricated. Staminodes 3 or 6, glabrous, inserted at base of corolla-tube.

Ovary ovoid, glabrous except near apex or pubescent all over, 3-celled, cells 2-ovulod. Style

erect, 3-lobed at apes, hairy except at apex. Fruit glabrous, ovoid, pallid, rather more than

I in. long by rather more than J in. thick, 1 {?)-seeded. Albumen not ruminated, white ; fruit-

ing calyx 3-comered, shortly cup-shaped, about J in. high by \ in. wide.

Seychelles I., Perville! 36, mountains near the cascade; Mahd, 13 Febr. 1840.

A specimen with similar foliage but rather more slender branches and peduncles (spines?)

\—J in. long without flowers may belong here. Seychelles, Boivin ! Mahd.

Fruit subsessile, solitary, axillary, ellipsoidal, J— i in. long by J

—

\ in. thick, of a pale

colour, shining, glabrous except at the apex where the remains of the hairy style project

;

fruiting calyx pubescent or glabrescent, cup-shaped, appressed to base of fruit, 3-lobed usually

with short depre.s.so-deltoid lobes, y\-,—^ in. high; fruit 1-celled, l-.seeded; seed rather more

than \ in. long (in one ca.se) by | in. tiiick ; albumen not ruminated, bony. Seychelles, Z>r

Percival Wright/ 1867, 30 May—23 Nov., n. 122.
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35. Maba lanceolata.

M. foliis lanceolatis vel ovato-lanceolatis, utrinque acutis, glahris, coriaceis, breviier petio-

latis ; florihus mascidis 1

—

3-nis, sessilibus, basi bracteatis, bracteis imbricatis, calyce hirsuto,

breviter 3-lobo, corolla 3

—

^-lobd, staminibii,s 24—32, glabris, basi corolla} insertis ; floribus

femineis brevissime pedunculatis, ovario glabra, globoso, 3-loculari, loculis biovulatis ; fructibus

ovoideis, glabris, nitidis.

Diospyros lanceolata, Poir. Encycl. M(^th. V. p. 434 (1804) ; Alph. DC. Prodr. viii. p. 23G.

n. 69 (1844) ; non Wall.

A tree ; with glabi'ous, lanceolate or ovate-lanceolate leaves, acute at both ends, especially

at the apex, coriaceous, in the dry state brown on both sides, 1^—2f in. long by -g

—

1^ in.

wide
;

petioles spreading, |

—

^ in. long ; veins confluent at the margin, shining above

;

margins recurved.

S. Flowers 1—3 together, sessile, ovoid, acute in bud, 1^ in. long; surrounded at the

base by 7 imbricated rounded ciliolated unequal coriaceous bracts, glabrous excej)t at margin,

the inferior ones very short. Calyx nearly ^ in. long, densely hirsute, ferruginous, shortly

3-lobed, 3-cornered, campanulate in flower (spreading in fruit much less hairy and | in.

across). Corolla glabrous but with broad hairy patches outside lobes, |—^ in. long, deeply

3—4-lobed ; lobes oblong, emarginate, spreading and recurved. Stamens 24—32, glabrous,

inserted at base of corolla, the outer ones shorter; filaments short. Ovary wanting.

9 . Peduncles very short, recurved ; calyx urceolate, shortly 3-lobed, not accrescent

;

corolla narrowed at the throat, deeply 3—4-(?) lobed ; staminodes ... ; ovary quite glabrous,

shining, spherical, 3-celled ; cells 2-ovuled with imperfect septa in middle ; style 3-lobed, erect;

fruit ovoid, glabrous, shining.

Madagascar, Comnierson

!

The leaf described and figured by Ettingshausen in Blatt-skel. Dikot. p. 89. t. 37. fig. 12

(1861) is decidedly larger than in the specimens that I have seen of this species; it pro-

bably belonged to a difierent species.

3G. Maba natalensis, Harv. Thes. Cap. ii. p. 7. t. 110 (1863).

M. fruticosa, ramis gracilibvs patentibits ; foliis ovalibus, obtusis, glabris, supra nitentibus,

subtus pallidioribus, breviter p)etiolatis ; floribus femineis solitariis, brevissime pedunculatis ;

calyce cupuliformi, gJabro, integro; corolla triloba, extus sericed; staminodiis 6—9, glabris,

uniserialibus ; ovario conico, glabro, 3-loculari, loculis bi-ovulatis.

A quickly glabrescent shrub ; branches pale, slender, spreading at 60°—65° ; shoots

flexuous, puberulous. Leaves oval, obtuse or mucronate at apex, submembranous, flat,

I—1 in. in length by }—j^^ i^- i^ width, veins delicate and inconspicuous, shining and dark

greea above, paler beneath
;

petioles •j'g

—

^ in. in length.

9 . Flower solitary, axillary, very shortly pedunculate, ^ in. in length
;
peduncle ^—^ in.

in length. Calyx -^-^ in. in length, truncate, entire, dark green, glabrous, semi-ellipsoidal.

Corolla y\ in. in length, argenteous-sericeous outside, 3-lobed ; lobes | in. in depth, diverging, ob-

long, acute. Staminodes 6—9, free, uniseriate, ^ in. in length, glabrous. Ovary conical, drab,

17—2
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glabrous, terminated by a style 3-lobed at tbe apex, 3-celled, cells bi-ovuled ; style as long

as ovary, glabrous. Fruit ellipsoidal, glabrous, of pale chestnut colour, J in. in height by 4 in.

in width ; style persistent ; fruiting calyx not increased in height, hemispherical, like an

acom-cup, 1-seeded.

S. Afi-ica, Natal, W. T. Geirard! 110; D'Urban, Macken! 675.

37. Maba abyssinica, sp. nov.

M. fruticosa, foliis lanceolato-oblongis, plerumqiie apice obtmis et basi i-otundatis, glahris,

subcoriaceis, platiis, breviter petiolatis, nervis inconspicuis ; Jioribus 7Hasculis subsessilibtts,

aggregatis, 3

—

^neris, cahjce laxo, lobis rotundatis ciliatis, corolla glabra, staminibus circiter

14, glabris ; foribus femmeis 3

—

o-nis, aggregatis, brevissime pedicellatis, 3—5- scepius 3-me-

ris, calyce campanulato, nan accrescente, corolla glabra, aperte campanulatd ; staminodiis 3—4,

glabris; ovario ovoideo, glabra, 6-locidari, locnlis uni-ovulatis, stylo apice S-lobo ; fructibus

glahris, subglobosis ; seminibus solitariis, albumine non ruminato.

A laro-e shrub, glabrous except the inflorescence; shoots dark, terete. Leaves lanceo-

late-oblono-, obtuse and often somewhat acuminate at apex, more or less narrowed at base,

subcoriaceous, flat, of the same dull colour on each face, somewhat shining above, patent or

erect-patent, 2—5 in. long by |—1| in. wide; petioles i—J in. long; midrib slightly depressed

above, veins inconspicuous. Bracts pubescent, small, caducous; flowers subsessile, clustered,

axillaiy; flowers mostly trimerous, sometimes 4—5-merous.

^ . Flowers in. long ; calyx -^ in. long, lax, usually 3-fid, lobes rounded, minutely

ciliate; corolla widely carapanulate, glabrous, 3—4-fid, lobes rounded; stamens about 14,

glabrous, appearing at the mouth of the open corolla, mostly in pairs, inserted at the base

of the corolla, filaments short ; ovary rudimentary, glabrous.

9 . Flowers 3—5 together, on very short puberulous pedicels, \—J in. long ; calj'x ^ in.

lonn- or after the fall of the corolla about i in. long, glabrous or margins of the lobes

minutely cdiate, deeply 3— 5- usually 3-lobed, campauulate, lobes wide or cordate at base,

J in. lone ; corolla glabrous, openly campanulate, deeply 3—5-lobed, not always isomerous

with the calyx, lobes spreading or recurved, oval-ovate, obtuse; staminodes 3—4, glabrous,

alternate with the lobes of the corolla; ovary glabrous, ovoid, conical at apex, 6-celled, cells

1-ovuled ; style thick, 3-lobed at apex ; fruiting calyx lax, not accrescent ; fruit glabrous, sub-

globose, shining, of dark coppery colour, J^—| in. long by ^—^ in. thick, 1—few-seeded,

bearing remains of style at apex ; albumen of seeds cartilaginous, not ruminated.

Abyssinia, on tlie sides of the valley of Bellagass near Loegga, 5000 feet altitude,

Schimper/ 1854, n. 1080; Sila 5000—6000 feet altitude, Schimper! 1854, u. 1334; Keren,

bank of river, Beccari ! n. 55, May, 1870.

38. Maha quiloensis, sp. nov.

M. glahrescem, foliw ellipticis, apice obtusin, basi stibcordatis, suhmembranaceis, breviter

petiolatis, nervis lateralihus inconspicuis ; forilnis femineis subsessiHbiis, snb-3-nis, calyce triloho,

ovario glabra, ovoideo-conico, G-loculari, loculis uni-ovulatis, stylo apice trilobo, glabro, caly-

cem superante.
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Glabrous shrub ; branches terete, at about 60", argenteous-cinereous, except when very

young and then they become blackish in the dried state. Leaves alternate, elliptical, dark
without conspicuous lateral veins, submembranous, obtuse or rounded at apex, usually sub-

cordate at base, 1 to 2 in. in length by J to 1 in. in width
; petioles scarcely -L in. in lenoth.

9 . Flowers subsessile, about 3 together, dark wJien dry ; calyx -^ in. in height with

3 ovate diverging lobes extending § down the calyx; corolla fallen from sijecimens- ovary

glabrous, ovoid-conical, 6-celled, cells 1-ovuled; style 3-lobed at apex, glabrous, hio-her than
the calyx.

East Tropical Africa, Quiloa, Dr Kirk! Fl. Zangueb. n. 110, 10 January, 1S67.

39. Maba micrantha.

M. foliis ellipticis vel ohlongis, basi attenuatis, apice obtuse actnninatis, glabns, coriaceis,

petiolatis ; florihus femineis solitariis, sessilihus, axillaribus ; calyce tuhuloso, integro, triincato,

in squamis paucis bifariis imbricatis insidente ; corolla tubulosd, trifidd, quam calyce triple lon-

giore, lobis ovatis obtusis patentibiis ; staminodiis 6, basi corollw insertis ; ovario hemisphcerico,

glabra, Q-loculari ; loculis uni-ovalatis ; stylis 3, erectis.

Holochilus micranthus, Dalz. in Kew Jour. Bot. IV. p. 291 (18.52), Dalz. et Gibs. Bomb.

Fl. p. li-2 (1861).

A middle-sized tree. Leaves elliptical or oblong, attenuate at base, obtusely acuminate

at apex, coriaceous, glabrous, 4— -5 in. long by 2 in. wide; petioles ^ in. long. Flowers dioe-

cious ; J flowers unknown.

9 . Flowers I in. long, white, solitary, sessile, axillary ; calyx tubular, entii-e, truncate,

placed among a few bifarious scales ; corolla tubular, 3 times the length of the calj^, 3-lobed

nearly to the middle ; lobes ovate, obtuse, spreading. Staminodes 6, inserted at the base of

the corolla-tube, distinct, filaments double of the length of the barren anthers ; styles 3,

erect, rather thick, obtuse at the apex ; ovary hemispherical, glabrous, 6-celled ; ovules solitary.

Fruit cylindric-oblong, supported at the base by the accrescent truncate calyx, dry, hard,

1 in. long, 6-celled ; seeds solitary.

In the Syhadra hills, on the Southern Ghauts, Bombay. Flowers in Febraary and

March, Dalzell.

40. Maba lamponga, Miq. Fl. Ind. Bat. Suppl. i. n. 1179. p. 584 (1860).

M. foliis obovato-oblongis vel ellipticis, apice rotundatis retusis, basi angustatis, glabres-

centibus, coriaceis, breviter petiolatis, veiiis inconspicais ; jioribus 7nasculis (inonstrosis in spe-

ciminibus?) axillaribus supra-cuoillaribus et lateralibus, paniculatis fasciculatis umbellatis vel

interdum solitariis ; Jioribus femineis solitariis, subsessilibus vel breviter pedunculatis, axilloi-

rihus, calyce tridentato, corolld subcampanulatd, lobis elliptico-oblongis, acuminatis, ovario

ovoideo, glabra, stylo brevissimo, stigmatibus 3, patentibiis.

Buds velutinous. Leaves minutely and appressedly downy when young, quickly glabres-

cent, obovate-oblong or elliptical, acute or sub-cuneate at the base, in most cases widely

rounded and retuse at the apex, coriaceous, rather shining, griseo-pallid when dry, nearly



134 Mr HIEEN, on EBENACE.^.

veinless, but with slender net-veins wLen old, S^—2 in. long
;

petioles shoi-t, sub-trigonous.

Flowers dioecious?

S. Flowers (all monstrous?) axillary supra-axUlary and lateral, sometimes in short

panicles, at other times fascicled or umbelled, occasionally solitary, pedicelled; corolla repre-

sented by 3 ovate scales united at the base, alternating with the calyx-teeth, pubescent

;

moreover there are placed inside numerous narrower scales (monstrous stamens?) in several

series, free or united in pairs, more or less hairy at the back, plainly imbricated.

? . Flowers solitary, subsessile or shortly pedunculate, axillary ; calyx coriaceous, cupu-

liform-globose, tridentate ; teeth triangular acute, appressedly downy outside ; tube of the

corolla short, subcampanulate, glabrous as high as the calyx ; lobes elliptic-oblong, acuminate,

densely hirsute along the middle of the back. Ovary ovoid, glabrous ; style very short,

thick, stigmas 3, spreading, canaliculate in front.

South Sumatra in prov. Lampong ; on sea coast. Teysmann.

41. Maba mekguensis, sp. nov,

M. foliis ovalibus oMongis vel ovato-oUongis, apice acuminatis, hasi suhrotundis vel parum

angustatis, glahris, submembranaceis vel teiiuiter coriaceis, petiolatis; Jioribus niasculis 8-nis,

paniculatis, parvis, axillaribus, 3

—

4:-meris, pedicellis brevissimis ; calyce aperte campanulato,

'minute puberuh, ciliato ; corolld suhglabrd; staminilms 14—16, glahris; ovarii rudimento

subtus glabra ; jioribus femineis dense cymosis, 3—9-«/s, plerumque tnmeris ; staminodiis 3

vel 6, glahris, basi corollce insertis; ovario glabra, 6-loculari, laculis uni-ovulatis ; fructibus

globosis, glahris; seminibus oblangis, albumine non ruminato.

Cfr. Diaspyros frutescens, var., Blume, Bijdr. fl. ned. Ind. p. GG8 (1825) ; /S. Tallak,

Alph. DC. Prodr. viii. p. 230. n. 38 (1844).

A small tree, glabrous, with brown or dark-ashy branches, spreading at about -50°. Leaves

oblong or ovate-oblong, glabrous or sometimes with puberulous midrib beneath, sub-mem-

branous, dark above, paler and brownish beneath, rounded or slightly narrowed at base,

acuminate at apex, not black-punctate, nearly flat, veins delicately raised on both sides, or

sometimes slightly depressed on the uj^per surface, 2i—G| in. in length by 1—3 in. in width

;

petioles ^—| in. in length.

S- Cymes panicled, bearing numerous flowers, pubescent with short lightish brown hairs,

^ to 1 in. in length (excluding the flowers)
;

pedicels very short ; flowers small ; calyx -^-^ in.

in height, openly campanulato, with slight short pubescence outside, and 3 or 4 widely del-

toid lobes about lialf the depth of the calyx, ciliate ; corolla nearly glabrous, about -^ in.

long, 3—4-lobed, lobes short; stamens 14—IG, mostly or all in pairs, inserted at base of

interior of corolla or hypogynous, glabrous, the interior ones the smaller, anthers about

equalling the longer filaments ; ovary rudimentary.

9 . Cymes dense, short, many-flowered, with thick pedicels, pubescent in flower, gla-

brescont in fruit ; bractuolcs ovate, pubescent, caducous, -^ in. in length ; flower usually

trimorous, occasionally tetramerous, \ in. in length ; calyx pubescent ^ in. in length, gla-

brescent, spreading, lobes -^ in. long, diverging, ovate, sides reflexed ; corolla pubescent,

lobes -^ in. in length, oval, somewhat .spreading ; staminodes 3 or G, inserted at base of the
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tube of the corolla, |^ in. in length, linear, glabrous ; styles 3, distant, glabrous, ^'^j in. in length
;

ovar}'- semi-ellipsoidal, glabrous except at base where there is a band of hairs, 6-celled, cells

1-ovuled. Fruit glabrous, smooth and shining, globular, about ^—| in. in diameter, some-

times 4-celled when young ; albumen of seeds not ruminated.

Flowers in January, fruits in February.

Mergui Archipelago, Griffith! (in fruit), Heifer! 3618; Sumatra, Korthals / ; Borneo,

0. Beccari! n. 1070; ?Java, Blame!, Kurl and Hasselt!

42. Maba fasciculosa, F. Muell. Fragm. v. p. 163 (1866).

M. foliis ovato-lanceolatis vel ohlongis, apice angustatis vel acuminatis, ohtusis, basi angus-

tatis, glabris, coriaceis, i^etiolatis ; jloribus masculis numerosis, dichotorne cymosis, 3—4-»iem,

staminibus 8—18, antheris glabris, Jilamentis scepe minute ciliatis ; jloribus femineis Z—cc -^nis,

3

—

i-nieris, staminodiis —4, ovario glabra, 6-loculari, loculis uni-ovulatis / fructibus subglo-

bosis, glabris.

Benth. Fl. Austral, iv. p. 290. n. 5 (1869).

Diospyros fasciculosa, F. MuelL Austral. Veg. in Intercol. E.xh. Ess. 1866—67, p. 35 (1867).

M. laxijiora, Benth. I. c. n. 4.

A tail shrub or lofty tree, glabrous with terete branches spreading at about 45°. Leaves

ovate-lanceolate oval or oblong, narrowed or acuminate at apex, obtuse, more or less narrowed

at base, minutely black-punctate beneath, 2—41 in. long by |—If in. wide; petioles 4

—

I in.

long; midrib and veins more or less raised on both surfaces; margins somewhat recurs'ed.

<J . Flowers numerous, 3—4-merous, |^

—

^ in. long, in fascicled axillary cymes J—J in.

long exclusive of the flowers
;

pedicels slender, subglabrous ; bracteoles small, ovate, slightly

pubescent, caducous. Calyx ^—^ in. long, wath short lobes, somewhat pubescent outside,

glabrous inside. Corolla campanulate, 3—4-fid, glabrous or obsoletely pubescent, lobes rounded

;

stamens 8—18, anthers glabrous, filaments often minutely ciliate ; ovary rudimentary, gla-

brous.

9 . Flowers 3 or many together, clustered, 3—4-merous ; cymes axillary short ; stami-

nodes —4, glabrous; ovaiy shortly conical, glabrous, 6-celled with cells 1-ovuled, or 3-ceUed

with 2 ovules in each cell separated by an incomplete dissepiment ; style very short, 3-lobed

at apex. Fruit subglobo.se or shortly ellipsoidal, shining, of pale colour, f^—4 in. long; fruiting

calyx 3—4-fid with spreading and reflexed deltoid lobes, tube cupuhform; seeds 1—4, albu-

men not ruminated.

Called in New Caledonia Medeso.

Australia, Rockingham, Dallachy!; Queen-sland Woods, Hill! 100; Brisbane River,

F. Mueller!; Rockhampton, O'Shanesy!, Thozet.

New Caledonia, Deplanche! 48, 206; Vieillard! 899.

43. Maba RonxATA, sp. nov.

M. foliis anguste ellipticis, titrinque angustatis, glabris, coriaceis, pietiolatis ; Jloribus

femineis tx-nis, trimeris; fructibus subglobosis, glabris; calyce fructifero 3-f.do, tuho hemi-

sphwrico, lobis late ovatis, patentibvis ; albumine seminum ruminato.
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Young parts and inflorescence puberulous ; branches somewhat cinereous. Leaves narrowly

elliptical, narrowed at both ends, glabrous, alternate, coriaceous, 3—5 in. long by 4—If in.

wide
;

petioles I—| in. long ; margins recurved ; midrib slightly dilatato-depressed above
;

veins not conspicuous above, of same colour as lamina beneath.

9 . Cymes axQlary, many-flowered, I
—

I in. long, spreading
;
pedicels ^—^ in. long,

puberulous ; fruiting calyx 3-fid, nearly | in. across, glabrous or very nearly so, tube hemi-

spherical ; lobes widely ovate, convex from above, spreading ; fruit about | in. long, sub-

globose, glabrous, pale and shining; seeds with ruminated albumen.

New Caledonia, Deplanche! 311.

44. Maba confertifloka, sp. nov.

M. foliis ovali-ohlongis, apice obtuse vel emarginate acuminatis, glahris, coriaceis ; florilus

masculis aggregatis, brevissime cymosis, subsessilibus, trimeris, corolld urceolato-tubulosd ; sta-

minibus 12, geminatis, glahris; floribxis femineis aocillarih^, subsessilibus, aggregatis, trimeris/

stamirvodiis 2—3, stylo apice B-lobo, ovario glabro, 6 1-loculari.

A small tree ; shoots subglabrous with scattered short appressed hairs, cinereous. Leaves

crowded, oval-oblong, obtusely or emarginately acuminate, coriaceous, glabrous except the

midrib beneath, shining, with depressed veins on the upper surface, somewhat paler beneath

;

lateral veins inconspicuous and weak ; leaves 1^—3i in. long (including subglabrescent petiole

i in. long) by ^

—

\\ in. wide. Bracts shortly ovate.

<5 . Flowers many, crowded, on short slightly hairy cymes, subsessile, rufous ; calyx

small, trifid, with scattered short hairs, spreading; corolla urceolate-tubular, shortly trifid,

with 3 hairy lines down the middle lines of the lobes; stamens 12, united by their fila-

ments in G pairs, the inner ones being the shorter, glabrous ; anthers dehiscing widely from

apex do^Tiwards ; ovary rudimentary, glabrous.

$. Flowers subsessile, crowded in axils of leaves, several abortive ; calyx sub-glabrescent,

coriaceous, spreading, 3-lobed ; corolla 3-fid; staminodes 2—3; style 3-lobed at apex; ovary

glabrous, 6 T-celled, with a few hairs at base.

Labuan, Lobb!, Motley! 205.

45. Maba punctata, sp. nov.

M. foliis oblongis, apice hreviter acuminatis vel apiculatis, basi subcordatis, coriaceis vel

submembranaceis, minute pellucido-punctatis, supra glabris nitidis, subtus secus nervos puberulis,

hreviter petiolatis ; florihus masculis dense cymosis, pubescentibus, trimeris, staminibus 9, glabris;

floribus femineis 3—» -nis, breviter cymosis, supra-axillaribus, trimeris ; f-uclibus sub-globosis,

glabris, Q-hcularibus.

IHospyros punctata, Korthals, MSS. in Hb. Lugd. Batav. Ebonac. n. 15.

A small tree
;
young parts, inflorescence, &c. suftly forniginous-pubescent ; shoots terete,

pubescent. Leaves oblong, alternate, coriaceous or submembranous, minutely pellucid-punc-

tate, subcordate at base, suddenly and sharply acuminate apiculate or mucronate at apex,

glabrous and .shining above with depressed midrib and lateral veins; midrib and about 9
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or 10 lateral veins on each side, puberulous, distinct and in relief beneath ; lower surface

slightly and appressedly puberulous, with evanescent reddish pulverulence ; SI—10^ in. long

by 1|—3| in. wide; petioles ^ in. long, thick, terete, pubescent; usually some depressed

glands are visible on the lower surface of the leaves especially at the base.

(5 . Inflorescence axillary, dense, many-flowered, short, ^—| in. long (exclusive of the

flowers) ; bracts acute, numerous, hairy
;
pedicels varjdng in length up to J in. ; flowers ^ in.

long, white ; calyx ^ in. long, campanulate, shortly S-fid, shortly pubescent outside, glabrous

inside, lobes deltoid ; corolla tubular, hypocrateriform, -^ in. wide, shortly 3-lobed, sericeous

outside, glabrous inside ; lobes acute, spreading, -^ in. long ; stamens glabrous, 9, hypogynous,

equal, G united by their filaments in 3 pairs of which the inner ones are the shorter, and

3 distinct ; anthers longer than the filaments, linear, acute ; ovary ; receptacle glabrous.

5. Inflorescence supra-axillary; cymes 3—many-flowered, i—-^ in. long (exclusive of the

flowers) ; bracts small acute caducous ; fruiting pedicels thickened upwards, -^—^ in. long

;

pericarp rather thick ; fruit ovoid | in. long by | in. thick, terminated by style ^ in. long

3-lobed at apex, glabrous (in dry state), subverrucose, shining, 6-celled, 6-seeded ; fruiting

calyx appressed to young fruit and sericeous, quite patent and nearly glabrate in older

fruit, not accrescent, J in. across, 3-fid with ovate or deltoid lobes.

Borneo, Foot of Gunong Pautie on Serpentine Rocks. Mr Motley ! n. 766 ; Korihals !,

Beccari! n. 1423.

Plate IV. A fruiting branch, natural size. a. A piece of a male branch in flower,

natural size. h. A piece of a female branch, natural size. c. A fruit, natural size.

46. Maba Teijsmanni.

M. arhorea, hermaphrodita (?), fuliis suhdisticMs, ovalibus vel oJjlongis, apice hreviier acu-

minatis, iasi angustatis vel ohtusis, glahri's, breviter petiolatis ; jloribus cymosis, 5

—

%-nis,

3

—

^-nxeris, urceolaU's, staminihus 3—4, hasi corollw insertis, ovario ovoideo glahro Q-loculari

;

fructihus coriaceis, calyce aucto reflexo.

Bhipidostigma Teijsmanni, Hassk. Retz. I. p. 106 (1855).

A tree with erect-patent cinereous asperulous branches and terete glabrous or minutely

glandular-ciliate shoots whose bark is often somewhat chartaceous ; hermaphrodite (?) . Leaves

subdistichous, oval or oblong, cuspidate or shortly acuminate at apex, narrowed or obtuse at

tase, 2—4i in. long by 1—2^ in. wide, glabrous ; midrib and veins slenderly depressed on

the upper surface
;
petioles I—J in. long. Cymes axillary, J—J in. long, 5 —9-flowered, puber-

ulous ; calyx 3—4- lobed, glabrous, lobes i—| in. long, ovate, with reflexed margins, spreading

;

corolla urceolate, shortly lobed, i

—

I in. high,
-J

in. wide, slightly hairy outside ; stamens

3—4,^ inserted at base of the corolla; ovary ovoid, 6-celled, glabrous, surrounded at base by

a ring of hairs. Fruit smooth, f in. long by J in. thick, pericarp coriaceous, flesh slightly

glutinous ; seeds i in. long or more, \ in. thick, albumen cartilaginous.

Java, Teijsmami!, flowers in April; Borneo, 0. Beccari/ n. 1822.

47. Maba hermaphroditica, Zoll. Syst. Verz. Ind. Archip. p. 135 (1854).

M. arhorea, hermaphrodita (?), foliis alternis, sparsis, oblongo-lanceolatis, utrinque attenua-

tis, subcoriaceis, glabris, breviter petiolatis j jloribus breviter cymosis, 3

—

Q-nis, 3

—

^-meris,

YoL. XII. Part I. 18
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urceolati's, staminibus 3—4, hasi corollce insertis, ovario glabra, 6-locuIari ; fructibus obovato-

ellipsoideis vel oblongo-ovoideis.

RJiipidostigma Zollinrjeri, Hassk. Retz. I. p. 104 (1855).

Hermaphrodite (?) ;
glabrous except the inflorescence ; a moderate-sized tree with erect-

patent, terete, cinereous-white, punctately asperulous branches and green glabrescent shoots;

bark of shoots papery. Petioles \ in. long; leaves subcoriaceous, oblong-lauceolate, attenuate

at both ends, sometimes acuminate at apex, li—3 in. long, |—1| in. wide, with subreflexed

maro-ins. Cymes short, \
—

I in. long, pedicelled, usually 3-flowered, sometimes -1—6-flowered
;

bracts very short, ovate, acute, at the base of the pedicels, green, deciduous: pedicels terete,

^—|- in. long, green, glabrous. Calyx fleshy, green, 3—i-partite ; tube very short, cupuli-

form, scarcely -^ in. high ; lobes ovate, acute, ^\ iu. long, \ in. wide at the base, with reflexed

margins. Corolla urceolate, white, \ in. high ; tube subglobose ; lobes 3—4, patent, ovate,

shorter than the tube. Stamens 3—4, inserted at base of corolla and included, abortive (?).

Ovary depresso-globose, glabrous but with a ring of hairs at base, 6-celled, cells 1-ovuled

;

styles 2 or 3, bifid at apex, glabrous. Fruit obovate-ellipsoidal or oblong-ovoid, ^\ in. long,

I in. thick, 1-celled, 1-seeded. Flowers in April.

Java, Zollinger! 3467. Local name Ki Khiiing Kajoe.

The next following species is very imperfectly known; it was described by Zollinger

from a drawing of Kuhl and Van Hasselt in the botanical garden at Buitenzorg.

48. Maba JAVANICA, Zoll. obs. bot. nov. p. 14 iu Natuurk. tydschr. Neerl. lud.

Vol. XIV. (1857).

M. foliis ellipticis utrinque hreviter acuminutis glahris vix lucidis, Jloribtis subsessilibiis,

confertis, calycis lobis margine revolutis acaiis, baccis hreviter pedimcidatis oblongis, stglorum

vestigiis rmicronatis.

Java, Zollinger.

49. ]VL\BA Maingayi, sp. nov.

J/, monoeca (?), foUis obovaio-ovalibus, apice rotundis emarginatis vel brevissime acuminatis,

obtusis, basi cuneatis, coriaceis, subglabrescentibus, petiolatis ; cymis 3

—

b-floris, breviter pubes-

centibus, floribus 4—3-?«e)-('.'!, calyce r.ampamdato, lobis rotundalis valde contorie imhricutis,

Staminibus 20—22, in jl. fern. 8?; ovario glabro, fusifonni, 3-locularibus ; loculis 2-ovulatis

;

fructibus oblongis, seminibus solitariis, albumine ruminato.

A tree, mona-cious according to Dr Maingay
;
young branches rufous-puberulous, after-

wards softly subglabresccnt, blackish, terete. Leaves obovate-oval, rounded emargiuate or

very shortly and obtusely acuminate at apex, cuneate at base, coriaceous, alternate,

puberuious when young, subglabresccnt, 2—4 in. long by 1—2j iu. wide
;

petioles ^''g— y^j in.

long, dark, puberuious when young, subglabresccnt.

<J. Stamens 20—22; filaments very short or wanting, arising from the receptacle;

anthers very long, linear-lanceolate ; calyx deeply 4—3-lobed ; limb of corolla 4—3-lobed
;

ovary 0.

9 . Cymes 3—5-flowcred, forruginously and shortly pubescent, about I iu. long ; flowers

mostly on long stout jiediculs nearly i iu. long, suberect, ^ iu. long or more. Calyx I—^ iu.
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long by i iu. wide, openly campanulate, ferruginously and shortly pubescent outside, glabrous

inside, 3- fid but apparently subtruncate by the close contorted imbrication of the rounded

lobes. Corolla somewhat salver-shaped, with inflated tube, glabrous, deeply 4—3-fid, with

spreading oblong obtuse lobes, much imbricated in bud. Staminodes 8 (?), glabrous, small

(in the bud), equal, inserted at base of corolla, in one row. Ovary glabrous, spindleshaped,

about j\ in. long by scarcely j\ in. thick (in the bud) ; style very short ; stigma 3-lobed
;

ovary 3-celled with 2 pendulous ovules in each cell at lower end of the ovary. Fruit

1-seeded, 1^—2 in. in length by about 1 in. thick, oblong, narrowed at base; testa crusta-

ceous, intruded deeply in about 15 planes into the albumen which is therefore ruminated;

pericarp about -^ in. thick, dark and somewhat rugose outside. Fruiting calyx not accres-

cent ; tube stuffed ; lobes patent.

Malacca, Maingay ! 976, Oct. 2.5, 1867; Borneo, 0. Beccari! n. 1550.
.

50. Maba Motleyi, sp. nov.

M. foliis ellipticts vel oblongis, apice rotundatis, basi angustatis, glahris, coriaceis, breviter

petiolafis ; jloribus suhsolitariis, tetrameris, pedunculis glabn's ; cahjcis lohis rotundatis, emargi-

natis, valde imbricatis ; staminibus 25, glabris, receptaculo insertis; in jlore femineo staminodiis

16, ovario ovoideo-conico, glabra, S-loculart, loculis hiovulatis ; fructibus oblongis, glabris,

l-spermis, calyce fructifero parvo, patente ; seminibus teretibus, albumine ruminato.

A tall slender tree, glabrous except the extremities and inflorescence where there is

a weak ferruginous or whitish pubescence ; branches spreading at 45°—55°. Leaves alter-

nate, elliptical or oblong, coriaceous, glabrous, rounded at apex, slightly narrowed at base,

2—31 in. long by |—2 in. wide, petiole -^—| in. long ; midrib depressed above, lateral veins

rather close, inconspicuous. Flowers yellow, subsolitary on short glabrous peduncles j\j

—

\ in.

long, tetramerous.

(5 . Corolla i in. long, funnel-shaped, deeply 4-fid with spreading lobes, glabrous

;

stamens 25, mostly equal, inserted on the receptacle, free, with very short filaments; anthers

linear, glabrous.

$. Flowers f in. long. Calyx |

—

-^ in. long, with scattered short weak hairs, 4-fid

;

with rounded emarginate much imbricated lobes, giving the calyx the appearance of being

truncate. Staminodes 16 or more, glabrous; style 4?-lobed at apex; ovary ovoid-conical,

glabrous, 3-celled, cells bi-ovuled. Fruit oblong, glabrous, f in. long by ^ in. thick, 1-seeded.

Fruit-calyx small, 4-fid, \ in. across, loose or spreading ; seed | in. long, nearly terete, i in.

thick ; albumen ruminated.

Borneo, Bangarmassing, Mr J. Motley ! n. 721; Labuan, Mr Barber! n. 167, common on

sandy soil near the barracks.

51. Maba iiyrmecocaltx, sp. nov.

M. glabra, foliis ellipticis, alternis, apice breviter et obtuse acuminatis, basi oblusis vel siibro-

tundis, coriaceis, nitentibus, petiolatis ; fructibus solitariis, axillaribus vel lateralibus, breviter

pedunculatis, ellipsoideis, nitentibus, apice obsolete pubescentibus, calyce fructifero liemisplioirico

,

breviter A-lobo, coriaceo, verrucosa, glabra.

18—2



140 Mb HIEEX, ox EBENACE.^.

Glabrous. Leaves alternate, elliptical or sometimes somewhat ovate, shortly and obtusely

acuminate, obtuselj' narrowed or nearly rounded at base, coriaceous, shining and brown (in

dried state) on both sides, 2—4J in. long by li—25 in. wide
;

petioles i—4 in. long ; veins

inconspicuous. Fruit solitary, on the young branches, axillary or lateral, ellipsoidal, shining,

smooth, obsoletely pubescent at apex, 1—li- in. long by f—1 in. thick, 5-seeded, cells im-

perfect; peduncle thickened upwards, | in. long, somewhat verrucose, glabrous; calyx cup-

shaped, verrucose, about 1 in. across, shallowly -i-lobed, half as high as the fruit; seeds

oblong, I in. long.

Borneo, 0. Beccari! n. 3.568.

52. Maba Beccaeii, sp. nov.

M. foh'ts elUptico-ohlongis vel ovalibus, apice breviter et obtuse acuminatis, bast rotundatis,

coriaceis, breviter pedolati's ;
jloribus breviter pedunculatts, solitariis vel aliquando binis ; calyce

^-fido, truncato, lobis rotundatis, arete imbricatis, sinistrorse contortis ; fructu immaturo pubes-

cente, S-loculariCi), apice conico ; stylo brevi, apice 3-lobo.

Youno- shoots ferruginous, shortly tomentose ; branches pubemlous, spreading at about

5.5°. Leaves alternate, elliptic-oblong or oval, shortly and obtusely acuminate at apex, rounded

at base, coriaceous, quickly glabrate except the shortly tomentose and strong midrib beneath

;

veins indistinct
;
^—2 in. long by i—1 in. wide

;
petioles i in. long, rather stout, shortly

pubescent.

Known only after the fall of the corolla. Flowers shortly pedunculate, solitary or occa-

sionally 2 together
;
peduncles -^—i in. long. Calyx campanulate, | in. long by i in. thick,

shortly pubescent with rufous hairs, 4-fid, apparently truncate by closely contorted imbrica-

tion of the rounded lobes ; ovary (or young fruit) rufous with short hairs, conical above,

exceeding the calyx, 3-celled (?) ; style short, 3-lobed at apex.

Borneo, 0. Beccari/ n. 1948.

53. M.\BA SERICEA.

M. foliis lanceolatis, distichis, apice acuminatis, basi angustatis, coriaceis, supra nervo ex-

cepfo glaberrimis, subtus dense pubescentibus, pilis appressis flavis sericeis, breviter petiolatis

;

fioribus pohjgamis (?), subsessilibus, plerumqite pentameris, calyce campanulafo, coroUd o-fidd,

staminih-us 50—60 vel in fl.
hermaphrod. circiter 32, hispidis ; ovario 6-loculari, sericeo, loculis

1-ovulatis ; fruclibus Jiavo-pubescentibus, Q-locularibus.

Diospyros sericea, Alph. DC. Prodr. viii. p. 2.S(). n. 67 (1844), Miq. in Mart. Fl. Bras. vil.

Eben. p. 3. n. 1. t. 1. f 2 (1856).

A polygamous (?) small leafy tree, 15 feet high, with patulous horizontal ramification and

the leaves arranged in a pinnate manner ; shoots flavo-pubescent. Leaves alternate, lanceolate,

somewhat narrowed at base, distichous, patent, coriaceous, dark shining and glabrous except

a.\ou" depressed midrib above, densely flavo-sericeous beneath ; with lateral veins not con-

spicuous ;
1—3 in. long by ^—1 in. wide

;
petioles ^^5—I in. long, pubescent. Bracts lanceo-

late, fulvo-pubescent ; flowers usually pontamerous.

£. Flowers 1—3 or more together, subscssilc, axillary, tawny-hairy, /j in. long. Calyx
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campanulate, f^ in. long, hairy on both sides, with 5 deltoid lobes J length of calyx.

Corolla 5-fid, with ovate-oblong lobes, glabrous within. Stamens 50—60, with linear slender

hispid-pilose anthers and short filaments combined at the base, inserted at base of corolla
;

ovary rudimentary.

Hermaphrodite flowers solitary, on peduncles -^—I in. long ; calyx 4—5-fid, with ovate lobes
;

corolla 4—5-fid; stamens about 32, perfect (?), not all in one row, somewhat silky, linear;

inserted at base of corolla. Ovary 6-celled, 6-ovuled, silky, ovate-conical. Styles 3, emarginate,

imbricated. Fruit subsessile, ellipsoidal, suddenly conical at apex, flavo-pubescent with

longer hairs interspersed, about 1 in. long by i in. thick, fleshy, 6-celled ; fruiting peduncles

thickened upwards with wide articulation at apex ; fruiting calyx | in. long, with 4 or 5

lanceolate lobes J in. long, lying close to fruit or spreading, tomentose inside ; seeds solitary,

elongated, fusifoim ; embryo twice the length of the albumen.

Brazil, Minas Geraes, Claussen ! 67, 464, 1062 (fruit glabrate, globular -^ in. in dia-

meter, drupaceous, 1 -celled) ; Martins!; Govciz, along the Caminho da Carreira, Burchell!

6970, 6986—2; caUed in Brazil " Culhoens de Macato," i>u?-c/te^^; near Bahia, Blanchet 3358

ex Miq. in Mart. I. c.

54. Maba(?) cordata, sp. nov.

31. ramulis jjihso-hispidis ; foliis ohlongis, apice acumi'natis, basi supra-cordatis, suhmem-

branaceis, supra suhglahris, suhtus secus costam nervos et margines piloso-hispidis, breviter

petiolatis ; floribus femineis suhsessilihus, 1

—

2-nis, fructibus immaturis hasi globosis, apice ab-

rupte et longe conicis, dense pilosis, 6-locidaribus ; loculis 1-spermis {-ovulatis) ; stylo 3-lobo;

calyce 4

—

5-partito, extus pubescente, lobis lanceolatis patentibus.

Shoots, midrib, lateral veins below, and margins of leaves pQose-hispid mth tawny hairs

;

branches terete ; leaves alternate, oblong, acuminate, deeply cordate, submembranous, nearly

glabrous and yellowish green above with inconspicuous slightly-depressed veins, paler beneath

with clearly marked tawny veins, 4—8 in. long by Iji,

—

2-^ in. wide
;

petioles \
—\ in. long,

9 . Flowers subsessile, axillary, 1 or 2 together ; young fruit with globular base and

long suddenly conical apex terminating in 3-lobed style, together | in. long by i in. thick,

densely fulvo-pilose, 6-celled, cells 1-ovuled (-seeded) ; fruiting calyx pubescent outside, gla-

brous inside, 4—5-partite ; lobes lanceolate, acute, | in. long, spreading, subcoriaceous.

Borneo, 0. Beccaril n. 1429.

55. Maba jitr>iecocaepa.

J/, foliis oblongis, apice acutis vel breviter acuminatis, basi angustatis, nervo excepto glco-

hrescentibus, submembranaceis, breviter petiolatis; fi~uctibus cucillaribus, solitariis, siibsessilibus,

ovoideis, dense ferrugineo-hispidis, &-locularibus ; calyce fructifero S-partito, utrinque fusco-

sericeo, lobis acutis.

DiospyrosQ) myrmecocarpiis, Mart, in Fl. Bras. Vii. Eben. p. 7 (1856).

Tree ; shoots with spreading ferniginous hispid hairs, dull, glabrescent, terete. Leaves

rather thickly membranous, narrowly oblong, 4—7 in. long by 1|—2 in. wide, contracted at
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the base, acute or shortly acuminate at the apex (covered in the dried state, especially

beneath, with small warts); midrib on both sides fusculo-strigillose ; lateral veins 8—15,

uniting witliin the margin, and somewhat sunk above, with scattered hairs ; leaves at length

glabrescent except the midrib; petioles about yu ^^- long; flowers unknown.

Young fruit axillary, solitary, subsessile, ovoid, somewhat pointed at apex, scarcely 1 in.

lonw by § in. thick ; calyx 3-partite, fusco-sericeous on both sides, * in. high, 1 in. across

;

lobes lanceolate acute
;
young fruit 6-celled, with dense ferruginous hairs arising from small

rough warts, containing 6 young seeds.

Equatorial Brazil, Province Rio Negro, found in thick damp woods by river Japura, near

Manacani, in January, Martins

!

56. Maba mteisticoides.

M. foliis ovali-oblongis, apice acutis acuminatis, basi angitstatis, termiter coriaceis, mib-

glahrescentibus, breviter petiolatis ; florihiis masculis aggregatis, sessilibiLS, amllaribus, pubescen-

fibus, soepissime ti'imei-is rai-ius pentameiis, staininibus 12 in floribus trimeris, circiter 30 in

floribus pentameris, antlieris linearibns sericeis, jUamentis brevibus glabris.

Macreightia myristicoides. Spruce MSS.

A small tree 3—7 ft. high; young parts subferruginous-hairy; branches 3 together, long,

subsimple, brown, with appressed hairs. Leaves oval-oblong, somewhat narrowed at base,

acuminate and acute at apex, alternate, thinly coriaceous, midrib depressed above, 3—7| in.

long by 1—2j in. wide, with appressed scattered brown hairs especially beneath, subglabres-

cent; petioles A—i in- long, with scattered spreading hairs.

(J. Flowers numerous, crowded in sessile axillary clusters, about i in. long or penta-

merous flowers ^ in. long, covered with ferruginous straight hair, mostly trimerous, very rarely

pentamerous; calyx campanulate, 3-fid with deltoid acute lobes (very rarely 5-fid); corolla

white with ferruginous hairs; stamens 12 in trimerous flowers (about 30 in pentamerous

flowers), anthers linear, with long straight silky hairs, filaments combined, short, glabrous

;

ovary 0.

N.W. Brazil, Near Panurb by Eio Uaup^s, Sprtwe! 2542, October.

57. Maba (?) catjliflora.

il/. fdiis ovali-ohlongis, apice acuminatis vel breviter cuspidatis, basi rotundatis vel pantm

angustatis, submembranaceis, subglabrescentibus, breviter petiolatis ; jiuribus femineis sessilibus, late-

ralibus, seats caxdes aggregatis, pentameris, pubesceiitibus, calgce 5-partito, corolla 5-partitd,

loins oblongo-lanceolatis, stamiTwdiis 10—14, geminatis, pilosis, stylo trijido, ovario rigide

jriloso, 6 {tyioddari.

Diospyros caulifiora. Mart, in Fl. Bras. vil. Eben. p. 7 (1856), non Blume.

A small tree; trunk sub-simple; branches crowded at the extremity, slender, terete,

pubescent with brown appressed hairs, glabrescent. Leaves submombranous, oval-oblong,

acuminate or shortly cuspidate, rounded or slightly narrowed at base, shining, with a few

scattered appressed hairs and prominent veins beneath, subglabrescent, glabrous above with

depressed veins, alternate, 3— t) in. long by Ijf—3^ in. wide; petioles i—,'„ in. long, pubescent.
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9 . Flowers sessile, in groups on the stem, ^—^ in. high ; calyx 5-partite, coriaceous,

cup-shaped, appressedly hairy outside, lobes obtuse ; corolla o-partite, strigillose outside, coria-

ceous, lobes oblong-lanceolate, somewhat spreading ; staminodes 10—14, inserted at base of

corolla, united by their filaments in 5—7 pairs, the inner ones being the shorter ; barren

anthers covered with long rigid pilose hairs ; style 3-fid, half concealed by hairs of ovary,

hairy ; stigmas bifid at apex. Ovary, with long rigid pilose hairs, (8-celled ex Fl. Brasil.

I.e.) 6?-celled.

Surinam, by river Marowyne, WuUschldgel ; Cayenne, Martin!

58. Maba Hilairei, sp. nov.

M. foliis oblongis, utrinque angustatis, apice acuminatis, costd et margine exceptis gla-

brescentibus, conaceis, petiolatis, floribus femineis 3

—

7-nis, breviter pedicellatis, fulvo-sericeis,

pentaineris, calyce campanulato jj)'q/«»rfe 5-fido, corolla profunde o-lobd, lobis patentibus,

staminodiis 11—13, leviter pilosis, corollce basi insertis, stylis 3, ovario dense ferrugineo-piloso,

6-loculari.

Young parts pubescent ; branches terete. Leaves oblong, narrowed at both ends, acumi-

nate at apex, glabrescent except midrib and margins beneath which are fulvo-puberulous ; coria-

ceous, alternate, of dark slate colour above, reddish dull-brown beneath, with two rows of

depressed glands not far from the midrib on each side, veins rather distant not conspi-

cuous, midrib depressed above, 3—4 in. long by 1—lA in. wide; petioles i in. long, some-

what twisted.

9 . Inflorescence fulvo-sericeous, 3—7-flowered, ^—| in. long, bracts, ovate, small

;

peduncle almost obsolete, pedicels -^—-} in. long ; flowers pentamerous, f in. long ; calyx

^ in. long, campanulate, deeply 5-fid, lobes lanceolate or ovate pubescent on both sides

;

corolla deeply o-lobed, stellate, lobes sjDreading, fulvo-pubescent along middle outside, glabrous

inside, contorted in iBstivation ; staminodes 11—13, somewhat pilose, inserted at the base of

the corolla. Ovary densely ferruginous-pilose, globose, flattened at top ; terminated by 3

distinct styles pubescent below, ^ in. long, diverging in full flower, glabrous and lobed at

apex ; ovary 6-celled, cells 1-ovuled.

Brazil, Province of Espiritu Santo, A. St Hilaire! 1816—1821, n. 375.

59. Maba Mellixoxi, sp. nov.

M. foliis ellipticis, apice acuminatis, basi angustatis, supra nervo excepto glabris, subttis

pallidioribus sparsis pilis appressis, petiolatis ; Jloribiis femineis sub-S-nis, breviter cymosis,

5

—

G-meris, pedicellis brevissimis, calyce cam,panulato 5

—

6-Jido, utrinque pubescente, lobis

deltoideis, corolla 5—Q-partitd, staminodiis 25—30, 7ninutis, uniserialibas, corollce basi insertis,

subglalris, ovario dense rufo-piloso, 6-loculari, stylis 3.

Young parts pubescent. Leaves alternate, elliptical, acuminate at apex, narrowed at

base, about 2-^ in. long by | in. wide, of dark slate green colour above and glabrous except

depressed midrib, paler beneath and appressedly pubescent on midrib and with scattered

appressed hairs on the lamina ; margins recurved
;

petioles i in. long.

S . Flowers about 3 together, in short axillary cymes, 5—6-merous, ^ in. long by ^ in.
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wide
;
pedicels very short ; calyx ^ in. long, campanulate, pubescent on both sides, especially

inside, 5—6-fid, lobes deltoid ; corolla (not expanded) glabrous except 5—6 pubescent lines

in lower part, 5—6-partite ; lobes elliptical, probably spreading in full flower ; staminodes

25—30, very small, subequal, inserted in one row at base of corolla, nearly glabrous; ovary

densely rufous-pilose, subglobose, flattish at top, G-celled, 6-ovuled, surmounted by 3 erect

contiguous styles which are pubescent at base and acutely bilobed at apex.

S. America, French Guiana, Maroni, Mellinon!

IV. DIOSPYROS, Dalech. Hist. Lib. in. cap. xxi. p. 349 (1587).

Flores diced, rarius monoeci vel polygami, 3—7-, scepius 4

—

o-meri, cymosi. Calyx lohatus

vel rarius truncatus, in fructu scepe accrescens. Corolla lobata; lohis obtusis vel rarius acutis,

in prcefloratione sinistrorse contortis.

Flos masculus: stamina 4—x, scepius circiter 16 et biserialibus ; ovai-ium plerumque

abortivum.

Flos femixeus: staminodia scepius 4—8, interdum 0; ovarium 4—16-, 7-arissime 6-,

nunquam S-loculai-e.

Arbores vel frutices, foliis alternis vel rarius suboppositis nunquam verticillatis, cyrais

axillaribus vel rarius secus ramos vetustiores lateralibus, interdum unifloris.

Linn. Gen. Plant, pp. 143, 383. n. 403 (1737), Alph. DC. Prodr. p. 222. n. VI. (1844),

Agardh. Theor. Syst. Plant, t. x. figs. 11, 12 (1858). Cfr. Cesalp. De Planti.s, lib. ii. cap. Lii.

p. 86 (1583).

Ermellinus, Cesalp. De Plantis, lib. ill. cap. XXI. p. 104 (1583).

Fseudolotus, Gamer. Epit. p. 156 (1586).

Lotus (sp.), Gamer. Epit. p. 157 (1586), non Linn.

Lignum Vit^, Gerarde Herball, p. 1309 (1597), non auct. al.

Guaiacum (sp.). Gerarde Herball, p. 1310 (1597).

Pishamin, Parkins. Theatr. Bot. p. 152.3. f. 4 (1640).

Guaiacatia, Tourn. In.st. rei Herb. p. 600. t. 371 (1700),

Ficvs (sp.), Kjempf. Amoenit. Exot. p. 805 (1712).

Hebenaster, Rumph. vol. III. (lib. iv.) p. 15. t. 6 (1750).

Paralea, Aubl. Plant. Gain. vol. i. p. 576. t. 231 (1775).

Dactylus, Forsk. Fl. ^llgypt. Arab. p. XXXVI. n. 481 (1775).

Embryopteris, Gacrtu. Do Fructibus et Seminilius Plaiitarum, vol. I. p. 145. t. 29 (1788).

Ebenus, Commers. ex Jus.sieu Gen. PI. p. 156 (1789), non Linn.

Cavanillea, Desrouss. in Encycl. M^th. iii. p. 663 (1789), non auct. al.

Garcinia (sp.), Desrouss. in Encycl. Mi^th. iii. p. 701 (178!)), nun Liiui.

(?) Euclea (sp.). Lour. Fl. Cochinch. p. 629 (1790).

Annona (sp.), Jacq. Fragm. Bot. p. 40. t. 44. f 7 (1800—9).

Cargillia, R. Br. Prodr. Fl. Nov. Hull. p. 526 (1810).

Monodora (sp.), Dunal, Monogr. Anon. p. 80 (18J7).

Leucoxylum, Blumc, Bijdr. Fl. Ned. Ind. p. 1169 (1826).

Noltia, Schuin. Plant. Guiu. p. 189 (1827).
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Guatteria (sp.), WalL List. n. 7295 (1828—32).

Sapota (sp.), Blanco, Fl. Filip. p. 409 (1837).

Patonia (sp.), Wight, lUustr. i. p. 19 (1840).

Gunisanthus, Alph. DC. Prodr. viii. p. 219. n. 3. (1844).

Eospidios, Alph. DC. I. c. p. 220. n. 4.

Damleria, Bert, ex Alph. DC. I. c. p. 224. n. 8.

Vaccinium (sp.), "Wall, ex Voigt, Hort. Suburb. Calcutt. p. 845 (1845).

Flowers dioecious or rarely polygamous, very rarely moncecious and then casually so

;

inflorescence usually .short, cymose, axillary on the young branches, or occasionally arising

from the old wood and lateral, more or less pubescent or tomentose, bracteate, 1- few- or

many-flowered. Calyx 3—7-lobed, usually 4—5-fid, rarely truncate or obscurely lobed at apex,

usually pubescent outside, often accrescent in fruit; in D. Toposia, Hamilt., closed in bud

and afterwards irregularly broken. Corolla urceolate campauulate tubular or salver-shaped,

usually pubescent outside at least along the middle Hne of the lobes and with 3—7 usually

4—.5 spreading or recurved, rarely erect, obtuse or occasionally acute lobes ; usually con-

tracted at the throat, that is, at the top of the tube ; lobes sinistrorsely (as regarded from

inside) contorted in bud ; in D. oocarpa, Thw., irregularly imbricated ; never valvate. Stamens

in J flowers 4—so usually about 16 and more or less united by their filaments in pairs or

otherwise, sometimes altogether separate, glabrous or hairy, inserted at the base of the

corolla or hj-pogyuous or very rarely about middle of corolla ; when in pairs one stamen is

placed in front of the other, the interior one being usually shorter than the exterior, some-

times equal ; anthers oblong linear or lanceolate, never globose nor squarish, often apiculate

at the apex by projecting connective, 2-celled ; dehiscing laterally by longitudinal slits or

rarely by apical pores
;

pollen widely ellipsoidal or globose ; filaments usually shorter than

the anthers and slender, sometimes almost obsolete, occasionally geniculate. In $ flowers

staminodes usually present and fewer than the stamens in the S- Styles 1—4, or obsolete;

stigma emarginate or punctiform. Ovary in 6 flowers rudimentary or absent; in $ hairy or

glabrous, ovoid conical or globose (in D. Diepenhorstii " stipitato—constricted at base"), 4—
16-celled, usually 8-celled; ovules solitary in the cells, or in the section Cargillia 2 together.

Fruit usually globose oblong or conical, glabrous glabrate pubescent hispid or tomentose,

often about 1 in. in diameter, but varying from ^ in. to about 4 inches, often pulpy and

edible, with thin or thick skin, containing 1—10 seeds; seeds usually oblong with dark more or

less shining testa. Albumen cartilaginous, white and equable or in some species more or

less ruminated by sinuous intrusion of the testa; embryo as in the family. Fruiting caljTc

often accrescent with the lobes erect spreading or reflexed and frequently ddated at the base,

sometimes plicate, coriaceous or foliaceous.

The name is derived from ^eix;, Bi6<; Jupiter, and 7rvp6<; grain, with reference to the pre-

sumed life-giving properties of the fruit ; but the allusion is by no means obvious.

Vol. XII. Part I. 19
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DIOSPYROS.

Key to the Sections and Species.

Seeds with ruminated albumen ; leaves in some species opposite. § I. Melonu.
Albumen of seeds not ruminated ; leaves always alternate.

Calyx truncate and entire or very shortly lobed ; stamens glabrous. §11. Ebenus.

Calyx distinctly lobed, or stamens more or less hairy.

Fruit conical ; ovary usually 4-celled, cells 1-ovuled. § III. NOLTIA.

Fruit globular, ovoid, obovoid or oblong ; ovary 4—16-celled, cells 1—2-ovuled.

Pedicels long or cymes lax; stamens 8—21.

2 flowers solitary or on distinct peduncles. § IV. Gunisanthus.

? flowers cymose. § V. Guaiacana.

Pedicels short or cymes dense, or stamens very numerous.

Stamens all or half of them inserted about middle of corolla. § VI. CuNALONiA.

Stamens inserted on the receptacle or at base of corolla.

Corolla tubular, often salver-shaped ; stamens 4—32, when numerous usually

unequal.

Stamens quite glabrous. § VII. Ersiellejus.

Stamens more or less hairy. § VIII. Patoxia.

Corolla urceolate or campanulate ; stamens 8—22, usually unequal.

Ovaiy 4—16-celled, cells 1-ovuled.

Anthers dehiscing laterally by apical pores. § IX. Leucoxtlum.

Anthers dehiscing laterally by longitudinal slits.

Ovary glabrous (except apex). § X. Danzleria.

Ovary hairy. § XL Paralea.

Ovary 4-celled, cells 2-ovuled. § XII. Cargillia.

Corolla deeply lobed, subrotate ; stamens 15—50, suboqual. § XIII. ROSPIDIOS.

Corolla egg-shaped or oblong, shortly lobed ; stamens nu-

merous, subequal. § XIV. Cavakillea.

Calyx closed with connate lobes in bud, afterwards bursting irregu-

larly. § XV. Auuxis.
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2. D. insic/ms.

3. D. oppositifolia.

4. I). Tupru.

5. D. melanoxylon.

§ I. Melonia.

Leaves opposite or subopposite, or frequently so.

I

Leaves deeply cordate at base ; fruit pyriform. 1. D. calophylla.

I

Leaves rounded or narrowed not cordate at base ; fruit globular or ellipsoidal.

(J flowers subsessile ; 9 flowers sessile.

Stamens 14— 20
;
petioles \—i in. long.

Stamens about 8 ;
petioles -^—\ in. long.

(J flowers in short cymes ; 5 flowers subsessile or pedunculate.

Leaves rounded or obtuse at base ; staminodes —6.

Leaves narrowed at base ; staminodes 8 or 10.

Leaves all alternate.

Fruiting calyx not much plicate ; tube without internal elevated rim at top.

i

Fruit terete, smooth.

Flowers shortly urceolate or subglobose.

Leaves of nearly the same colour on both surfaces.

Leaves pubescent; staminodes 10.

Leaves glabrescent; staminodes 4.

I

2 flowers solitaiy; ovary 8—6-celled.

I
2 flowers about 3 together; ovary 4-ceUed.

Leaves of different colours on the two surfaces.

Stamens about 22 ; leaves ellipticaL

Stamens 14—16 ; leaves oval-oblong.

Flowers tubular or urceolate-oblong.

Leaves without conspicuous lateral veins ; flowers axillary.

Leaves glabrous or quickly glabrescent.

Leaves usually elliptical; flowers subsessile. 11. D. hirsuta.

Leaves usually oval-oblong ; flowers in short cymes. 12. D. mespiliformis.

Leaves more or less tomentose, especially beneath. 13. D. hurmanica.

Leaves with clearly marked lateral veins; flowers lateral

and axillaiy. 14. B. lateralis.

Fruit somewhat tetragonal, verrucose. 15. D. verrucosa.

Fruiting calyx not plicate ; tube with internal elevated rim at top. 16. D. Korthalskma.

Fruiting calyx much plicate ; tube without internal elevated rim at top.

2 flowers solitary.

2 calyx-lobes acuminate ; ovary 4—6-celled. 17. D- affinis.

2 calyx-lobes obtuse or rounded and apiculate ; ovary 8-celled. 18, D. crumenata.

2 cymes many-flowered.

Leaves submembranous, 2i—5 in. long. 19- D. frutescens.

Leaves coriaceous, 4—8 in. long. 20. D. densiflora.

19—2

6. D. decandra.

7. D. sylvatica.

8. D. Kurzii.

9. D. ehretioides.

10. D. rotundiflora.
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§ II. Ebenus.

22. D. truncata.

23. D. Jiulesioides.

Fruit sub-verrucose ; aestivation of corolla irregular. 21. D. oocarpa.

Fruit not verrucose ; sestivation of corolla regularly contorted.

Corolla-lobes acuminate.

Flowers glabrous.

Flowers fulvo-velutinous.

Corolla-lobes not acuminate.

Ovary hairy.

CoroUa nearly glabrous, but margins ciliate; pedicels manifest. 24. J), borneensis.

Corolla hairy; flowers sessile or subsessile.

Leaves whitish beneath; flowers fuliginous-hispid.

Leaves not white beneath; flowers not fuliginous.

Stamens 16.

Stamens 10—13.

Styles short.

Leaves acuminate.

Leaves obtuse, not acuminate.

Style manifest, 4-lobed at apex.

Stamens 20—32.

^ cymes few-flowered; leaves coriaceous.

Fruiting calyx-lobes reflexed.

Fruiting calyx-lobes erect.

<J cymes 5—l.i-flowered ; leaves submembranous.

Ovary glabrous.

Flowers 1—5 together, subsessile, pubescent; fruiting calyx not plicate.

Stamens 30—40; leaves subsessile, cordate, coriaceous;

branches usually straight. 33. D. leucomelas.

Stamens 11—15; leaves petiolate, not cordate, coriaceous;

branches flexuous. 34. D. chrysophyllos.

Stamcus IG; leaves petiolate, not cordate, submembra-

nous ; branches straight. 35. D. senensis.

Flowers solitary, shortly pedunculate, glabrous; fruiting calyx

plicate. 36. D. rotundi/olia.

25. D. batocana.

26. D. quwsita.

27. D. toxicaria.

28. D. tessellaria.

29. B. haplostylis.

30. B. melanida.

31. B. nodosa.

32. B. anonwfolia.
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§ III. NOLTU.

Ovary hairy.

Leaves not cordate at base.

Ovary (or young fruit) 4- (or 6-) celled, not fuliginous.

Stamens 4—5 ; leaves acuminate.

Leaves thin, 2—4 in. long.

Leaves coriaceous, 5—12 in. long.

Stamens 6—16 ; leaves obtuse.

Ovary (or young fruit) 8-celled, fuliginous-hispid.

Ovary 10-celled, fulvous-pubescent.

Leaves more or less cordate at base.

Calyx 4-fid; fruit appressedly pubescent.

Calyx 4—5-partite ; fruit covered with patent hairs.

Corolla appressedly sericeous.

Corolla glabrous.

Ovary glabrous except apex.

37. D. attenuata.

38. I), acuta.

39. Z>. tricolor.

40. D. fuliginea.

41. D. Brandisiana.

42. Z>. subacuta.

43. D. pruriens.

44. D. apiculata.

45. Z>. Barteri.
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§ IV. Gtinisasthus.

Flowers urceolate or not very slender.

Calyx quite glabrous.

Ovary 8-ceUed; staminodes 4.

Ovary 4-celled; staminodes 0.

Calyx more or less hairy.

Pedimcles ebraeteate, articulated at apex.

Peduncles bracteate.

Bracts densely imbricated at base of peduncles.

Bracts not densely imbricated.

Ovary glabrous.

Ovary hairy.

Peduncles stout; flowers pentamerous.

Peduncles slender; flowers tetramerous.

Male flowers narrowly tubular, very slender.

46. D. microrhombus.

47. D. foliolosa.

48. D. pilosula.

49. Z>. suberifolia.

50. D. sqitaiTosa.

51. D. paniculata.

52. D. gracilipes.

53. D. gradliflora.

§ V. GUAIACAJfA.

Fruiting calyx tough ; leaves coriaceous or subcoriaceous ; stamens 12—20 ; dioecious.

9 Cymes 3-flowered, stiff 54. Z>. FerviUeL

Cymes many-flowered.

Flowers pentamerous; stamens 20. 55, D. dictyoneura.

Flowers tetramerous ; stamens 12—16.

Leaves not cordate at base.

? Cymes racemose ; veins of leaves in relief on both sides. 56. D. asterocalyx.

9 Cymes panicled ; veins of leaves markedly depressed on

upper surface. 57. D. Horsfieldii.

Leaves cordate at base. 58. D. Boimni.

Fruiting calyx usually foliaceous; leaves membranous; stamens 8;
polygamous. 59_ 2). Loureiriana.

§ VI. CUNALONU.

Stamens 20 or 24, all inserted in pairs about middle of corolla

;

corolla-

_

lobes obtuse. 60. R Dendo.
Stamens 8, half inserted at base and half at middle of corolla

;

corolla-

lobes acute.
Gl_ ^_ Cunalm.
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§ VII. Ekjiellinu's.

62.

63.

Fruiting calys-tube without internal elevated rim at top.

Stamens 8 ; leaves not velutinous.

Leaves glabrous ; branches glabrous except extremities.

Leaves cuneate at base, li-—8 in. long.

Leaves obtuse at both ends, 4—5 in. long.

Leaves appressedly pubescent, at least on veins beneath ; shoots

pubescent. 64.

Stamens 9—10 ; leaves velutinous-pubescent ; flowers 4—5-merous. 6-5.

Stamens 12 ; leaves velutinous beneath ; lateral flowers 3-merous. 66.

Stamens 12; leaves glabrous, not velutinous ; flowers 5-merous. 67.

Stamens 14—20.

Fruit obconical. *

Fruit rounded at base.

Corolla-lobes acute or acuminate; ovary hairy.

Calyx-lobes lanceolate.

Calyx-lobes rounded.

Leaves and petioles glabrous.

Leaves and petioles more or less pubescent.

Corolla-lobes obtuse ; ovary glabrous.

Leaves ferruginous-pubescent beneath, rounded at base.

Leaves glabrescent, narrowed at base.

i Calyx glabrous outside, tomentose inside; peduncles

I—i in. long

Calyx more or less hairy outside
;
peduncles very short.

<? Calyx deeply 4-lobed; ovary 4-celled.

Leaves somewhat ovate.

Leaves somewhat obovate.

(5 Calyx 4—5-fid; ovary 10-cellei

Stamens 82.

Fruiting calyx with internal elevated rim at top of its tube.

I

Flowers dioecious ; stamens 16—32 ; leaves opaque.

D. tetrasperma.

D. Carthei.

D. poli/althioides.

D. Kirhii.

D. velutina.

D. plectosepala.

68. D. stricta.

69. D. enantha.

70.

71.

74

75.

76.

77.

78

D. variegata.

D. dasyphylla.

72. B. Beccarii.

73. B. oleifolia.

Flowers polygamous ; stamens 8 ; leaves minutely pellucid-punctate. 79.

B. flavicans.

B. sapotoides.

D. aurea.

B. nigricans.

B. Ehenum.

B. pellucida.
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§ Vin. Patonia.

Stamens 4.

Stamens 8—30.

Corolla 4—5-fid, or lobed much beyond the apex.

Leaves subcaudate at apei:.

Leaves obtuse, not acuminate.

Leaves more or less acuminate, not caudate.

Ovary 4-celled.

Ovary 8-ceUed.

9 Flowers 6 or more together.

5 Flowers solitary.

I

Filaments glabrous except apex.

I
Filaments pilose.

CoroUa 4— 5-lobed only at apex; filaments hairy.

I

Leaves ovate, paler beneath.

Leaves oblong, of same colour on both surfaces.

Stamens 11—14.

Stamens 15—30.

S Flowers clustered, several together.

S Flowers 2 together.

SO. D. tetrandra.

81. D. Sprucei.

82. D. viaritima.

83. D. philippmensis.

84. D. pilosanthera.

85. D. lanceafolia.

86. D. Gardneri.

87. D. Heudelotii.

88. D. undulata.

89. Z>. multiflora.

90. D. hijiora.

§ IX, Leucoxylum.

Corolla glabrous inside ; stamens glabrous ; leaves less than 1 in. in width.

I <J Flowers solitary; calyx 3-lobed.

i Flowers 3—4 together; calyx 4-lobed.

91. D. parvifolia.

02. D. huocifolia.

Corolla tomentose on both sides ; filaments tomentose ; leaves more

than 1 in. in width. 93. D. Vescoi.
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§ X. DAjSTZLERIA.

Ovary 4-celled.

Ovary 8-celled.

<J Flowers 1—4 together (or rarely panicled), or stamens not glabrous.

<J Flowers surrounded at base by a—6 imbricated bracts nearly

!)4. D. Morrisiana.

as long as the calyx.

Bracts not enveloping the calyx.

I

Corolla fleshy.

I Corolla not fleshy.

Calyx-lobes deltoid or rounded.

I Corolla glabrous or nearly so,

i Corolla hairy outside.

Calyx-lobes ovate or lanceolate.

Stamens hairy.

Flowers pubescent outside.

Leaves ciliate; calyx-lobes obtuse.

Leaves not ciliate ; calyx-lobes lanceolate.

Flowers sessile or subsessile.

Fruit I—I in. in diameter.

Fruit 1—Ijin. in diameter.

Flowers shortly pedunculate.

Flowers glabrous outside, but calyx-lobes ciliate.

Stamens glabrous.

Corolla-lobes acute.

Corolla-lobes obtuse.

Stamens 10—12.

Stamens 16.

J Flowers in dense axillary clusters; stamens glabrous.

Glabrous, not spinous ; stamens 12.

More or less tomentose, often spinous; stamens IG.

95.

9G.

97.

98.

D. squamosa.

D. comorensis.

D. montana.

D. Zoll'mgeri.

99.
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109.
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§ XII. Cargillia.

Leaves obloDg or ovtol, without evident glands. Australian.

Leaves oval, scattered with glands. Philippine Islands.

128. D. Cargillia.

129. D. Malacapai.

§ XIII. KOSPIDIOS.

Stamens glabrous.

Spinous; flowers very small; stamens 16.

Not spinous; flowers of moderate size; stamens 18—24.

Leaves about 1 in. long.

Leaves 2—5 in. long.

Stamens more or less pilose.

Leaves not markedly paler beneath.

Leaves cordate at base.

Calyx deeply 5-fid.

Leaves with margins but slightly revolute, and

clearly depressed on the upper surface.

Leaves with margins much revolute, and tertiary

not clearly depressed on the upper surface.

Calyx shortly 4—7-fid.

I

Stamens 20.

I

Stamens 40—50.

Leaves not cordate at base.

Leaves pubescent beneath.

<J flowers 3 together; stamens 18—24.

<J flowers several together; stamens 30—4-3.

(5. Cymes very dense; stamens 30.

(5. Cymes less dense; stamens 36—45.

Leaves glabrous.

Leaves markedly paler beneath.

Stamens 26—45.

Leaves 6—9 in. long; corolla very silky outside.

Leaves 2—3 in. long ; corolla glabrous except hairy

outside.

Stamens 15—17.

[Cfr.

130. D. spinosa.

131.

132.

D. ovalis.

D. hispida.

vems

133. R Goudotil.

veins

134. B. gaulthericefolia.

13.5.

136.

D. subrotata.

D. i^olyandra.

137. D. coccolobcefolia.

138.

139.

140.

D. Pearcei.

D. peruviana.

D. Weddellii.

lines

141.
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§. XIV. Cavanillea.

Fruit not densely hairy ; corolla 4—6-lobed at apex,

jj flowers J—I in. thick.

Leaves cuneate at base.

I

Stamens 12—20 ; leaves oval or oblong-lanceolate.

I

Stamens 25—32 ; leaves obovate.

Leaves rounded or obtusely narrowed at base.

Leaves subvelutinous beneath.

Leaves glabrous on both sides.

}
Styles 4, hairy at base.

!
Style glabrous, lobed at apex,

jj
flowers ^—I in. thick.

Fruit densely hairy; corolla 4^-5-fid.

Stamens glabrous.

Stamens densely pilose.

145. D. Poeppigiana.

146. D. emarginata.

147. I), rigida.

148. D. Enibryopteris.

149. D. conacea.

150. D. crassiflora.

151. D. discolor.

152. D. urgentea.

§ XV. Amuxis. 153. D. Toposia.

1. DiOSPYROS CALOPHTLLA, sp. nov.

D. foliis mboppositis, oblongis, apice acuvu'natis, lasi profunde cordatis, glahvescentibus,

subcoriaceis, nitidis, uni-coloribus, petiolatis ; fioribus femineis aggi'egatis, breviter pedunculatis,

axiUaribus ; fructibiis pyriformi-obconicis, rufo-tomentosis, plurilocularibus ; calyce fructi/ero

apice i-lobo, rufo-tovientoso, appresso, fnictiim cequante.

A small tree, of rich brown colour in the dry state, glabrous except the inflorescence

and young parts which are rufous-puberulous. Leaves oblong, subcoriaceoiis, deeply cordate

at base, acuminate at apex, subopposite, shining, of same colour ou both sides, C— 12 in.

long or more by \\—3i in. wide; petioles ^— i in. long, rufous-puberulous, gjabrescent.

Fruits clustered, axillary, several together (5—10 in flower) on rufous-puberulous peduncles

\
—\\n. long; bracts small; fruit pyriform-obconic, rufous-tomentose, 1—IJin. long x |—1 in.

thick, several-celled; enclosed to full height by appressed thick calyx which is shortly

and roundcdly 4-Iobed at apex and rufous-tomentose on both sides; fruit tipped with re-

mains of rufous-tomentose style.

Madagascar, not far from the sea at Angonsti, Richard! 36.
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2. DiosPYROS INSIGNIS, Thw. En. Ceyl. PI. ix 180. n. 10. (ISOO).

D. fuliis suboppositis et alternis, firmiter inembranaceis, ovatis vel oblongis, acuminatis,

bad rotuiulatis vel aiiqiistatis, glahris ; Jiuribus masculis lateralibus, glomemtis, subses.silibm,

tetrameris, staminibus 14—20
;
Jioribus femineis 1

—

'i-nis, axillaribus, sessUibus, ovario 8-loculari,

fructibus subglobosis Icevibus, calyce aucto crasso lignoso, margine reflexo ; albumine ruminato.

Bedd. Ic. PL Ind. Or. (Pt. vii.) p. 2(5. t. 130 (1871).

A very large tree, with young shoots somewhat pubescent. Leaves subopposite and

alternate, toughly membranous, glabrous, ovate or oblong, acuminate, rounded or some-

what narrowed at base, midrib and lateral veins clearly marked on the under surface,

tertiary veins nearly parallel and transverse to the midrib, 4—14 in. long by 1|—6 in.

wide
;

petioles ^—j% in. long.

3' Flowers crowded many together in subsessile lateral clusters Calyx |—iin long,

campauulate, shortly 4-fid, lobes ovate, acute, shortly pubescent outside, glabrous inside

;

corolla l in. long, shortly tubular, 4-lobed, pale-tomentose outside, lobes short ; stamens

14—20, nearly glabrous, many in pairs, the longer filaments geniculate and with light-

coloured hairs.

9 Flowers 1—3 together, axillary, se.ssile. Ovary 8-celled ; fruit subglobular, smooth,

subglabrous, inconspicuously depresso-areolated, liin. in diameter, supported on a thick

accrescent woody calyx whose tube forms' a cup with elevated rim, margin reflexed ; seeds

f—rii'i- lo^o by r5—I in- wide; albumen ruminated. A valuable timber tree.

Geyhn—Thwaites/ 2000ft. alt., C.P. 2730, 3477; S. India, Anamallays, Beddome,

2000—3000 ft. alt. Called " Gona-gass" in Ceylon.

3. DiosPYROS OPPOSITIFOLIA, Thw. En. Ceyl. PI. p. 181. n. 11. (1860).

D. foliis oppositis, obtusis, breviter acuminatis, basi rotundatis, coriaceis, glabratis, breviter

petiolatis ; floribus masculis anguste tubidosis, suhsessilibus, tetrameris, calijce i-Jido, canipa-

nulato, corolld breviter 4:-jidd, staminibus circiter 8, inaiqualibus.

Bedd. Ic. PI. Ind. Or. (Pt. vii.) p. 27. t. 131 (1871).

A moderate-sized tree ; branches glabrous terete. Leaves oval, firmly coriaceous, glabruus

(or the younger ones slightly pubescent), rounded at base, obtuse or shortly acuminate at apex,

opposite or subop230site, 2—6 in. long by 11—3 in. wide ; net-veins inconspicuous, nearly

transverse and feebly depressed on the lower surface; petioles -^—iiu. long, tumid-

crass, dark, glabrous.

(5 Flowers sessile or subsessile, few together, | in. long. Calyx jL in. long, not quite

glabrous, 4-lobed nearly to the middle, with acute lobes. Corolla slender, hispid, ^ in. long,

lobes about \ the depth of the corolla. Stamens about 8, very unequal
;

(the filaments

and connectives are figured as having short hairs). The timber of this tree resembles

that of D. quwsita, Thw., Calamander.

Ceylon, Tliwaites ! ; C.P. 3011; Hiuidoon Corle, up to elevation of 1000 feet; local name
'

" Kaloomidereya-gass."
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4. DIOSPTROS TuPEU, Buch. Journey vol. i. p. 183 (1807).

D. foliis alternis et suboppositis, eUipticis ovatis vel subrotundis, apice obtusis rariua

acuminatis, basi rotundatis vel ixirius angustatis, coriaceis, subtus tomentosis, petiolatis; pe-

dmiculis florum masculorum longitudine peiidi, apice 3

—

i-floris, calyce canipanulato apice

4

—

Q-lobo, staminibus 12—18; jioribus femineis solitariis brevissime pedunculatis, staminodiis

—6, fructibus subglobosis vel ovoideis glabris, calyce profunde i—6-fido, hbis ovatis margine

extus reflexis ; alhumine ruminato.

Hamilt. (olim Buch.) in Trans. Linn. Soc. xv. p. Ill (1827).

Diospyros exculpta, Hamilt. I.e. p. 110, D. exsculpta, Alph, D.C. Prodr. viii. p. 223.

n. 3 (1844), Bedd. Fl. Sylv. t. 66 (1S70) ? fr.

Diospyros insculpta, Hamilt. I.e. p. 112, Alph. DC. I.e. n. 6.

Diospyros tomentosa, Roxb. Hort. Beng. p. 40 (1814), Fl. Ind. edit. 1832 vol. 2. p. 532,

Roxb. draw. n. 1728 in Hb. Kew, R. Wight Ic. tt. 182, 183 (1840), non Poir.

ID. speciosa. Wood, Rep. For. Oudh 1867—68, p. 33 {name only, 1869).

Called Tupru (Camatic), Kend (Hindoo), Kendu (Bengal) according to Hamilton, and

Kallindoo (Sanscrit), Kyou and Tumala (Bengal), according to Roxburgh; Tunki in the

Cuddapah district, and Tumboornee in the Bombay presidency, according to Beddome.

A tree either of small moderate or large size up to 60—80 ft. high ; diojcious or poly-

gamous ; the heart-wood is black in some trees and of a hard and heavy substance called

at Munghur Batti and at Saseram Ahnus. The latter word is said to be of Persian origin

and a source from which our word Ebony is derived. Trunk grey-black, bark ver}' closely

cracked both transversely and longitudinally. Branches cinereous, alternate or opposite, ramified

as in the oak
;
young shoots ferruginous-pubescent. Leaves opposite subopposite and alternate,

elliptical ovate or subrotund, bright green, more or less coriaceous, usually almost glabrous

on the upper side and tomentose beneath, sometimes glabrous on both sides ; obtuse or

rounded at the base ; emarginate rounded or obtusely narrowed or sometimes apiculate

at apex; 8—14 in. long by \h—7iin. wide; petioles i—|in. long; lateral veins usually

prominent beneath ; deciduous.

6 Flowers 3 or 4, on recurved thickened tomentose peduncles equalling or rather

longer than the petioles, 4—5-merous, white, ^

—

^^ in. long ; bracts small
;

pedicels very

short ; calyx tomentose, campanulate ; corolla much longer than the calyx, with short lobes,

hairy outside; stamens 12—18, inserted on the receptacle, glabrous (?) ; ovary rudimentary,

hairy.

9 Flowers solitarj-, subsessile or shortly stalked, 4—6-merous; peduncles about jjjin.

long ; bracts 3—4, scale-like, caducous ; calyx campanulate, 4—6-fid ; corolla shortly 4—6-

lobed ; staminodes —6; ovary 4 (-G?) -celled, somewhat hairy; styles 2 (—3). Fruit egg-

shaped or globose, glabresccnt, about 1 in. long by \ in. thick, usually 4-cellcd and 3-seeded

;

seeds \ in. long by J in. wide and \ in. thick ; fruiting calyx surrounding the base of the
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fruit or spreading, pubescent on both sides, |—fin. across, not or scarcely accrescent;

testa shining, marked with reticulated depressions; albumen cartilaginous, ruminated, grey.

"The fruit when ripe is sweet and not very bad tasted;" according to Hamilton the

cotyledons in D. insculpta are conduplicate. This valuable tree sheds all its leaves in the

cold season, and they appear again in the beginning of the hot weather (Beddome) ; not

uncommon in the Cuddapah, Salem and Kurnool forests in Madras. Difficult to distino'uish

from D. melanoxylon, Roxb., to which species it ought perhaps to be united.

N.W.India. Hb.Eoyle!; Brundekund, J^cZ^^ewort/i,.' 6004; Hb. Stocks/; plains of Behar,

&c., Dr Hooker! 440, 441; Magadi (used for small beams and posts), Hejuru, S.W. Mysore
(a large tree ; timber good). Buck. Ham. Journey vol. i. p. 183. vol. ii. p. 125. W. Himalaya,

Bi- Stewart!

5. DiosPYROS MELANOXYLON, Roxb. Coromand. p. 36. t. 46 (1795).

D. foliis oppositis suboppositis vel aUernis, ovalibus vel oblongis, apice rotundatis vel leviter

angustatis, basi cuneatis vel rarius rotundatis, piLbescentibus tenuiter coriaceis, petiolatis ; pedun-
cuiis Jiorum masculorwni longitudine petioli plurijioris, calyce campanulato, tomentoso, breviter

4

—

5-lobo, staminihus 12—16, rarius 8, glabris vel antheris leviter hirsutis ; Jioribus femineis

solitariis brevissinie pedunculatis 5—4-wiens, staminodiis 8 vel 10, ovario 4— (8-) loculari, fruc-

tibus globosis vel ovoideis, piubescentibus vel glabratis, plerumque ^-spermis ; albwmine ruminato.

Alph. DC. Prodr. vin. p. 224. n. 7 (1844), non Blum, nee Hassk.

D. Wightiana, Wall. ! List n. 4406 (1828—32), Alph. DC. Prodr. viii. p. 223. n. 2, Beddom.
Fl. Sylv. Madras, t 67 (1870).

D. Roylii, Wall. List n. 4134 (1828—32), D. Roylei, Alph. DC. I.e. p. 239. n. 89.

D. dubia, Wall. n. 4407, Alph. DC. I. c. p. 223. n. 4, non Goepp.

Cfr. D. rubiginosa, Roth, Nov. PI. Sp. p. 385 (1821), et H. montana, Heyne ex Roth I.e.,

non Roxb.

Tunki Tumi and Tumbi in Tamil and Telugu, ex Beddome, Fl. Sylv. Madr. t. 67 (1870)

;

Tumida of the Telingas, ex Roxb. I. c. ; Tumballi of the Tamuls, ex Roxb. Fl. Ind. edit. 1832,

vol. IL p. 531; Tindoo of the Hindoos ex Roxb. I.e.; {Tendoo, Beddome); Coromandel ebony

tree; Thomboorah Marum in Hb. Wight; Toomrie, Dr Ritchie (Belgaum).

A large tree with a trunk 8—10 feet in circumference, sometimes only a small shrub

;

dioecious
;

young shoots very downy, pale-ferruginous. Leaves opposite subopposite and

alternate, pubescent especially beneath, thinly coriaceous, oval or oblong, cuneate or rarely

rounded at base, rounded or somewhat narrowed at apex, 2—6 in. long by 1—2i wide

;

petioles I

—

\ in. long; veins less conspicuous than in D. Tupru; deciduous.

(J, Flowers \
—\ in. long, in panicled tomentose-ferruginous drooping cymes \— i in,

long, longer than the petioles, several or many together, with small bracts at base and ape.x

of short pedicels. Calyx shortly 4—6-lobed, campanulate, tomentose on both sides. Corolla

4—6-lobed at ajDex, glabrous inside, densely silky outside, \\—3 times the length of the calyx.

Stamens 12—16 (rarely 8 only), in pairs when 16, glabrous or with lines of short hairs back



160 3Ik HIEEN, on EBENACE^.

and front on the anthers which are longer than the filaments ; ovary wanting or rudimen-

tary and hairy.

? . Flowers rather larger than the male, solitary, subsessile, pentamerous or tetramerous

;

calj'x hairy on both sides, 5-winged (in D. Wightiana, Wall. !) by the patent projection of the

margins of the lobes ; staminodes 8 or 10 ; styles 2 bifid somewhat hairy ; ovary 4 ! (—8) -celled,

densely hairy ; cells 1-ovuIed. Fruit globular or ovoid, somewhat haiiy or glabrescent, usually

4-celled and 4-seeded, about 1 in. long ; albumen of seed somewhat ruminated ; according to

Roxburgh 2—8 seeds ripen ; fruiting calyx nearly flat about § in. across.

Neilgherries and Serramallee Hills, India, R. Wight! (D. dubia); Adjeeghur, and Bisrum-

gunge ghaut, Boijle {D. Boylii); Belgaum, Dr Ritchie! 1108; Calicut!, Hh. Wight! 1723,

Subbulpore, 1727, 1721, 1725; lib. Griffith/, 3630,3026(1); Bababoodun Hills, Mysore, 3fr

Law!; common in dry forests in Madras, according to Major Beddome. The ebony tree of

Malabar and Coromandel. Mysore, a small shrub, common, Dr Brandis!, May 1868.

It is only the centre of large trees that is black and valuable, and the quantity found

varies with the age of the tree. The outer portion of the wood is white and soft, and either

decays soon or is destroyed by insects which leave the black part untouched. The ripe fruit is

eaten by the natives in the Circars, but is astringent and not very palatable. The bark of

the tree possesses tonic and astringent properties, and in decoction proves useful in atonic

diarrhoea, dyspepsia and diseases of debility. [See E. J. Waring, Pharmacopeia of India,

p. 132 (1868).]

Cfr. D. decandra, Lour.

6. DiosPYROS DECANDRA, Loureii'o, Fl. Cochinch. p. 227 (1790).

B.foliis ovato-lanceolatis vel ellipticis, apice obtuse acuminatis, basi plus minus angustatis,

altevnis, tenuiter coi-iaceis, leviter puhcscentibus, petiolatis ; Jioribiis femineis sub- S-nis, cyviosis,

i—5-meris; corolla urceolatd; staminodiis 10, glabris; ovario 6

—

H-loculari; fructibus subglo-

bosis edulibus.

Alph. DC. Prodr. viii. p. 238. n. 8.5 (1844), non Boj.

A large tree with rather patent branches, producing excellent heavy timber, white but

marked with many black veins and sometimes with black heart-wood. Leaves thinly

coriaceous, slightly pubescent, especially on the midrib, which is somewliat depressed on the

upper surface, of nearly the same brown colour (in the dry state) on both sides, alternate,

elliptical or ovate-lanceolate, shortly and obtusely acuminate at apex, more or less narrowed

at base, 2—3 in. long (besides petiole /j

—

% in. long) by -^—li in. wide; venation as in D.

melanoxijhm.

9 . Inflorescence rufous-hairy, more or less glabrescent
;
peduncles axillary, ranging up

to i in. long or rather more, bearing 3 or more flowers on short pedicels. Flowers whitish.

Flower-bud depresso-ovato, ^ in. long by ^ in. thick ; calyx deeply 4—5-fid, enclosing the

young corolla, with valvate (?) deltoid lobes whose sides are somewhat revolute ; corolla

shortly lobed, glabrous inside, tube urceolate, lobes obtuse, reflcxed in full flower; staminodes

glabrous, 10 according to Loureiro, short, inserted at the base of the corolla. Ovary 6- or

8-celled and -ovuled
;
ovules pendulous. Style short, lobod at apex. Fruit compresso-rotunJ

or subglobose, subglabrate at least in part, 6—8-celled in the cases examined, about 1 in. in
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diameter or perhaps larger, yellow, edible, pulpy, sweet but astringently so, 6—S-seeded,

strongly scented, not very pleasant to tlie taste. Fruiting calyx spreading, nearly as wide as

the fruit when young. Seeds bony, " compresso-ovate."

The fruit according to Loureiro is brought to market for sale.

N. Cochinchina. Loureiro! A.D. 1774 (seen in Hb. Mus. Brit.). Local name Cay Tlii.

Very possibly D. melanoxylon, Roxb. ought to be united with this species ; but the leaves

in the latter are all alternate, so far as the specimen seen by me shews.

7. DiosPTROS STLVATicA, Roxb. Coromand. p. 37. t. 47 (1795).

D. foliis alternis, ovalibits, scepe acuminatis, basi angustatis, vix coriaceis, glahris vel suh-

glahris, breviter petiolatis ; jioribus niasculis cymosis, oc-nis, globosis, parvis, swpius 4-meris

interdum 3- vel b-meris ; staminibus 13—22, glabris ; floribus femineis solitariis pedimcidatis,

scepe in ramidis junioribus racemose dispositis, 4

—

3-me?-is, globosis; staminodiis 4, glabris;

ovario 8- vel 6-londari; fructibus globosis; albumine ruminato.

Alph. DC. Prodr. viii. p. 281. n. 41 excl. var. ^ velutina (1844).

Thw. Enum. Ceyl. PL p. 178. n. 3 (1860).

Bedd. Ic. PL Ind. Or. (Part vii.) p. 25. t. 121 (1871).

D. orixensis, Klein ex Willd. Sp. PL iv. p. 110 (1805), Alph. DC. I.e. p. 230. n. 35, non

Wight.

Native names : Tella-gada of the Telingas ; Nella-gada (Hb. Roxb.) ; Soodoo-Kadoombai-

reya-gass in Ceylon.

A pretty large tree ; foliage turning black when diy ; branches spreading at 60°—75°,

glabrous or the young shoots pubescent. Leaves alternate, oval, pointed or acuminate, thin,

usually somewhat narrowed at base ; nearly or quite glabrous, 2—6 in. long by |—3 in. wide

;

petioles I—j\ in. long, often puberulous ; midrib and veins depressed on upper side, but not

conspicuous ; lateral veins not very close.

3. Cymes axillary, several- or many-flowered, i—^ in. long (excluding the flowers),

more or less shortly-pubescent ; ultimate pedicels short ; flowers small, -^^—J- in. long, white

and fragrant when growing, 3—5-merous, usually 4-merous ; calyx very short ^'jj

—

^l iu. high

by Jj in. wide, 3—5-fid, pubescent or ciliate, glabrous inside ; corolla obconic-subglobular,

lobed at apex, nearly glabrous ; stamens 13—22, mostly in pairs and inserted at base of

corolla, glabrous (or rarely with a few short hairs) ; anthers about the length of the filaments,

dehiscing laterally from apex ; ovary rudimentary, somewhat hairy at apex or glabrous.

9 . Flowers solitary, on peduncles i— J in. long, larger than the 3 ,
3—4- usually 4-

merous ; staminodes 4, glabrous, alternating with the corolla-lobes ; ovary 6- or 8-celled,

glabrous or hairy at apex ; cells 1-ovuled ; styles 3 or 4 ; fruit globose, glabrous or with a

few appressed hairs around apex, | in. or more in diameter; fruiting calyx spreading, accres-

cent, f in. in diameter. Seeds 2—8 ; albumen somewhat ruminated. Wood very hard, used

for fancy work.

Vol. XIL Part L 21
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India, Circars, Roxburgh !; Concan, Law !; Bombay, Law !, 3000 ft. alt. Ceylon, Thwaites

!

C. P. 2729, damp forests up to 4000 ft. alt.

8. DiosPYKOS KuRzii, sp. nov.

D. foliis alternis, ovato-ovalibus, viox glalratis, apice acuniinatis, lasi cuneatis, breviter

petiolatis, nitentibtis, nervis lateralibus crebris tenuihus; florihus femineis sub-5-nis, breviter

cymosis, tetramens, itrceolatis ; staminodiis 4, glabris ; ovario Uoculari, i-ovulato, stylis 2.

basi connatis.

Young branches pubescent with short appressed silky fulvous or brown hairs ;
branches

at about 40°. Leaves ovate-oval, quickly glabrescent, alternate, dark, very dark and shiniug

above with crowded delicate lateral veins which are also in relief beneath where the leaf

is slightly paler, acuminate at apex, more or less narrowed at base, thinly coriaceous;

2^_3iin. long by 1—l|iu. '^"de
;

petioles I—tin. long; midrib depressed above.

? Cymes axillary, ^

—

\ in. long (excluding flowers), about 3-flowered, with very short

pedicels, pubescent, and with small caducous bracts at base of calyx. Flowers ^in. long.

Calyx Jjfin. long, puberulous outside, glabrous inside, shortly 4-fid, bigger in young fruit.

Corolla 4-lobed at apex, with rounded lobes pubescent on both sides, urceolate ; staminodes

4, crlabrous, alternating with corolla-lobes; ovary glabrous except apex, 4-celled; cells

1-ovuled. Styles 2, straight, erect, slender, hairy, long, connate at base.

South Andaman, S. Kurz

!

9. DiosPYROS EHRETioiDES, Wall. List, n. 4137 (1828—32).

D. foliis alternis, ellipticis, vix coriaceis, discoloribus ; Jloi'ibus masculis cc-nis, cijmosis,

subnlobosis ; staminibus 22—29, glabris, ovarii riidimento hirsuto ; floribus femineis solitaries,

breviter peduncidatis ; fnwtibus ghbosis, glabratis; albumine ruminato.

Alph. D.C. Prodr. viii. p. 231. n. 42 (1844).

B. mollis. Wall, ex Steud. Nomencl. bot. edit. ii. I. p. 514 (1840).

Young shoots and inflorescence ferruginous-pubescent ; branches spreading, alternate, terete.

Leaves elliptical, rounded or somewliat narrowed at base, rounded obtusely pointed or

apiculate at apex, alternate, thinly coriaceous or submembranous, glabrous except the veins,

ferruginous or reddi.sh-brown beneath, greener or slaty-brown above, 3—9 in. long by

24—.5 in. wide; petioles i—i in. long.

^ CjTnes compound, trichotomous, 4 times the length of the petioles, patent, abundant

on the young shoots ; bracts hooked at the apex ; flowers i in. wide, pubescent, globose,

roflexed on very short pedicels. Calyx 4-fid, pubescent, with obtuse lobes. Corolla cam-

panulate, twice the length of the calyx, with ciliated much contorted lobes. Stamens

22 29, glabrous, subequal, crowded on the receptacle, mostly distinct ; filaments short.

Ovary nidimentaiy, represented by a few hairs.

9 Flowers solitary
;
peduncles {

—{^ in. long, on the j'oung shoots. Fruiting calyx with

recurved lobes, somewhat pubescent or nearly glabrate, about f in. broad (when expanded)

;

fruit glabrous, globular, 1^ in. in diameter ; albumen ruminated.

Tavoy and Moolmync, Wallich ! ; Pegu, M'Lelland ! (Fruits in January) ; Pegu and

Ta Oo, Tenasscrim, local name Aukchinza, Dr Brandts!
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10. DlOSPYKOS ROTUNDIFLORA, sp. nov.

D. foliis ovali-ohlongis, alternis, apice acuminatis, basi rotundatis, tenuiter coriaceis, siqiva

nitentibus glabris, subtus suhglabris, breviter petiolatis; Jiorihus masculis paniculatis, suh-

globosis vel ovoideis, 4

—

S-vieris, pubescentibus ; staminibus 14—16, biserialibus, glabris, ovario

rudimeiitario hirsuto.

Young parts and inflorescence subtomentose ; branches cinereous, terete. Leaves oval-

oblong, alternate, acuminate at apex, rounded at base, thinly coriaceous, of rich brown colour

when di-y, shining and glabrous above with veins inconspicuous, nearly glabrous beneatb,

3—Tin. long by l?r—2^ in. wide; petioles shortly pubescent, ^ in. long; lateral veins

about 10 on each side the midrib.

$ . Cymes axillary and lateral, many-flowered, less than 1 in. long ; ultimate pedicels

very short or obsolete ; bracts ovate, sometimes larger than the flowers ; flowers subglobose

or ovoid, \
—\ in. in diameter, pubescent ; calyx subhemispherical or widely campanulate,

4- occasionally 3-fid ; lobes deltoid; corolla shortly 4—3-fid, lobes rounded; stamens 14

— 16, biseriate, subequal, glabrous; ovary rudimentary, hairy.

Borneo, 0. Beccari ! n. 3567.

Near D. ehretioides, Wall.

11. DiospYROS HIRSUTA, Liun. fil. Suppl. p. 440 (1781).

D. foliis alternis, ellijiticis oblongis vel ovatis, tenuiter coriaceis, breviter petiolatis, nervis

lateralibus scepius inconspicuis ; jloribus masculis dense cymosis, oblongis, pubescentibus, 4

—

o-

meris; staniinibus 5—16, subglabris ; jloribus femineis 1

—

Q-nis ; stai)riitodiis 5—10; ovario

4

—

10-locidari, loculis 1-ovulatis ; stylis 2— .5, brevibus ; fructibus ylubosis vel ellipsoideis,

tomentosis vel glabratis, calyce fructifero, stellato- vel depresso-cupulifornii ; seminibus oblongis,

albumine ruminato.

Alph. DC. Prodr. viii. p. 223. n. 5 (1844), Thw. Enum. Ceyl. PI. p. 181. n. 15 (1860),

Bedd. Icon. PL Ind. Orient. (Part vii.) p. 28. t. 137 (1871), non Desf.

A tree of moderate size, dioecious or occasionally monoecious
;

produces an ebony.

Buds inflorescence and in some cases the young branches and underside of leaves pubes-

cent. Leaves alternate, more or less elliptical oblong or ovate, thinly coriaceous, obtusely

OT acutely acuminate at apex, narrowed or rounded at base, glabrous and shining above,

sometimes pubescent beneath, 2—12 in. long by 1—4 in. wide; petioles \—|in. long; mid-

rib depressed on upper side ; lateral veins usually inconspicuous beneath. Flowers subsessile,

axillary, 4—5-merous ; bracts rounded, caducous. According to Dr Thwaites female flowers

are occasionally intermixed in the male cymes and in that case are mucli smaller than

when occurring alone.

<?. Flowers
-J
—i in. long, oblong, in dense cyiiies. Calyx hairy on both sides, 4—5-

fid ; lobes acute. Corolla tubular, at least double the length of the calyx, 4—5-fid, glabrous

inside. Stamens 5— 16, glabrous or mainly so, when numerous often united by the filaments

in pairs. Ovary rudimentary, hairy.

21—2
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9 . Flowers ^ in. long, thicker than in the S ,
1—6 together. Margins of calyx-lobes

wavy and reflexed. Corolla-lobes reflexed, rounded, mucronate. Staminodes 5—10 ; barren

anthers, glabrous or with setose tips, filaments glabrous or haiiy. Ovary ovoid, covered

with femiginous or rufous hairs, 4—lO-celled. Styles 2—5, short. Fruit globose or ellip-

soidal, pale-glabrate or rarely tomentose and ferruginous or rufous, ^—1^ in. long, 1—10-

seeded. Fruiting calyx stellate-flat or shallow-cupuliform, |— 1 in. in diameter, i—5-fid ; lobes

with reflexed margins. Seeds oblong, usually compressed, transversely scored outside ; al-

bumen ruminated.

The following forms seem to me difficult to separate from Z>. hirsiita, L. L, but the

combination of them all into a single species makes it a very variable and widely spread

one.

Z>. lucida, "WaU. List, n. 4127 (1828—32), non Hort., Alph. DC. Prodr. VIII. p. 233.

n. 52 (1844). = (?) B. nilaginca, Bedd. Icon. pi. Ind Or. (Pt. vii.) p. 27. t. 136 (1871).

D. Candolleana, Wight, Icon. tt. 1221, 1222 (18.50), non Thw.

D. Moonii, Thw. Enum. Ceyl. PI. p. 182. n. 16 (I860), Bedd. Ic. p. 2s. t. 138 (1871).

Perhaps a distinct species.

D. canarica, Bedd. I.e. p. 27. t. 134. = B. oUgandra, Bedd. Rep. Forests Madras 1867

—68 p. 2.5 (1868) name only.

D. Thwaitedi, Bedd. I.e. p. 27. t. 135. = D. Candolleana, Thw. I.e. p. 181. n. 14, non

Wight.

The following key serves to contrast the typical characters of these forms, but inter-

mediate states exist.

Ovary (6-) 8—10-celled ; filaments of stamens often hairj'.

Ovary usually 10-celled. Stamens 5.

Leaves elliptical, narrowed at base, hirsuta proper.

Leaves oblong, w-ide near base. Moonii.

Ovary 8-celled. Stamens 16. nilagirica.

Ovary 4-celled ; filaments of stamens 10— 12, glabrous.

Staminodes 4—5.

Staminodes quite glabrous. Fruit pale, glabrate. Candolleana.

Staminodes setose at tip. Fruit rufous-hairy, at length glabrate. Tlmaitesii.

Staminodes 8—10, glabrous, canarica.

Hirsuta proper. Ceylon, Thwaites! 382.

Moonii. Ceylon, Thwaites! 2833; Moon!; Walker!; (?) Tennaserini and Andaman,

Hb. Heifer! 3032.

Nilagirica. Sispara ghat, Nilgiris, India, Major Beddome ; {lucida) Singapore, Wallick

!

4127; Malacca, Mainga'j ! 970, 973; Griffith! 3637.

Candolleana. Courtallum and Quilon, Wight! 1715, Canara, Mangalor, Wight! 1728;

Holienackerf 591 (Native name Karmarn); Concan, Br Gibsml 128; Goa, BahelH;

Moollis, Br Bitchie ! 96, 3 (tree 24 ft. high); Phoondu Ghaut, Br Ritchie! 96/2 (tree

.'JKft.); Ram Ghaut, Br Ritchie! 96 (Native name Kalevin).

Tliwaitesii. Ceylon, Local name Homedereya-gass, Thwaites! 3394.
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Canarica. S. Canara, Major Beddome! "yields an ebony," native name Kara mara.

A specimen from Malacca {Maingay ! 969j, with less dense cymes auJ 14 stamens with

somewhat pilose anthers, may belong to this species.

I cannot discover any authentic and satisfactory specimen of D. hirsuta, Linn. fil.

;

there is not a specimen so named by the younger Linnaeus in the elder LinnjEus' herbaiium,

and one in Sir J. E. Smith's herbarium sent from Ceylon by Burmann and labelled " Diospyros

hirsuta, H.L. nl." is not a Diospyros nor even a member of the family.

12. DioSPTEOS MESPILIFORMIS, Hochst. in PI. Schimp. Abyss. Essicc. sect. ii.

nn. 65.5, 1243 (1842).

D. foliis ellipticis vel oblongis, alternis, tenuiter coriaceis, glahrescentihus vel leviter jm-

bescentibus, breviter petiolatis, nervis inconspicuis ; fioribus masculis axillaribus, 5

—

i-meris,

/emigineo-tomentosis, breviter cymosis, urceolato-oblongis, staminibus 10—IG, subglabris ; jiori-

hus femineis 1

—

2-nis, axillaribus, 5—4- rariu-s S-meris, staminodiis Q—8, uniserialibus, glabris,

ovario ovoideo vel conico, sericeo, 4- vel 8-loculari, loculis \-ovulatis ; fructibm subglobosis,

glabratis, edulihus, calyce frmtifero margim icndulato ; albumine ruminato.

Alph. DC. Prodr. viil. p. 672 (1844).

D. senegalensis, Perrott. ex Alph. DC. I. c. p. 234. n. 59.

B. bicolor, Klotzsch in Peters Mossamb. I. p. 184 (1862).

A shrub or tree from G to 40 feet high or more. Wood much thought of by the

natives, white, compact, and useful for many purposes, or black in the centre like ebony.

Branches terete, brown-cinereous, glabrescent, more or less patent ; the young shoots and

inflorescence ferruginous-tomentose. Leaves alternate, oblong or elliptical, somewhat narrowed

or rounded at either end, thinly coriaceous (the younger ones very softly membranous)

glabrescent and shining, or with scattered appressed pubescence beneath, often rubescent,

especially on the midrib beneath, 2—6 in. long by |—-2J in. wide
;

petiole ^

—

^ in. long

;

midrib depressed above, lateral and net-veins delicate; margins just recurved. Flowers

white, dioecious.

cJ . Inflorescence axillary, cymose, bearing few to many flowers, ^—| in. long exclusive

of the flowers. Flowers ferruginous-tomentose, about J in. long, pentamerous, occasionally

tetramerous ; bracteoles lanceolate. Calj^s about i in. long, 5- occasionally 4-fid, campanu-

late or campanulate-oblong, hairy on both sides ; lobes ovate or lanceolate. CoroUa in

general shortly 5-fid, urceolate-oblong, twice the length of the calyx or more, sericeous out-

side, glabrous inside ; lobes spreading, pointed. Stamens 10—16, often in pairs, nearly

fflabrous but with a narrow band of light-coloured hairs on the back of the anthers, in-

serted at the base of the corolla ; filaments short ; connective produced at apex
;
poUen

widely ellipsoidal, smooth. Ovary rudimentary, hauy, or 0.

i . Flowers pentamerous or tetramerous or rarely trimerous, solitary or in very short

1—3-flowered axillary cymes
;
peduncles ^—| in. long ; bracts narrow, caducous. Calyx hairy

on both sides, campanulate, deeply lobed; lobes ovate acuminate with undulated margins.
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Corolla pubescent outside, glabrous inside, exceeding the calyx, shortly lobed, lobes pointed.

Staminodes 6—S, in one row, inserted at base of the corolla, glabrous. Ovary ovoid or

conical, sericeous, terminated by 2 short hirsute bilobed styles, 4- or 8-celled and -ovuled.

Fruit glabrate subglobose, f—1 in. in diameter, edible, often slightly wrinkled, 4—5-seeded.

Fruiting calyx somewhat or but little increased, with undulated margins, appressed to fruit

or spreading. Seeds shining, |—f in. long; albumen cai-tilaginous, somewhat ruminated;

embryo straight; cotyledons linear-lanceolate; radicle shorter than the cotyledons.

Difficult to distinguish by technical characters from the Indian species Diospyros hirsuta,

Linn, fil., of which it may be taken as the African representative; its forms also are

subject to considerable variation.

Ti'opical Africa. Abyssinia; native name Ajt^ or Ajejeh, near Docheladscheranne, Schimper/

sect. ii. nn. 655, 1243, in 6 flower, June ; Petit in Hb. Franq. iv. Coll. n. 434, in fruit ; Schimper

(1SG2)! n. 155, September, 4400 ft. alt.; Nubia, Fayohel, Kotschy 1 n. 470, in fruit; Dr Martin St

Ange! in young fruit ; Tiiin^ Expedition, nn. 170, 394, fruit in flavour like that of Theobroma

Cacao; Benischangul, Cienkuiuski, n. 96 6; Gallabat, Matamma, Schweinfurth ! n. 973, 974; Mo-

zambique, between Tette and the sea coast, Dr Kirk ! in fruit ; near Lupata, Dr Kirk ! in fruit,

January; native names, Sechuana dialect, Makudima; Tette dialect, Kasinjamtolmera ; 50 miles

above Tette, Kaurabassa; Sena, Dr Peters'; Niger, Barter! 1208, 1334; Senegambia, Le-

pneur!, Whitfield!, Lelierre!, Perrottet/, Dr Daniell! {" 2Ionkey Guava"); Livingstone Expe-

dition, {"Mocheka") Dr Kirk!; Angola, Distr. Golungo Alto, Dr Welwitsch! 2529, frequent,

" Musolveira ;' Benguela, in woods from Serra da Xella towards Mumpulla, Dr Welwitsch!

2530 ; Congo, in rocky and sandy woods near Ambriz, Dr Welwitsch ! 2528 ; Cape Coast,

Brass

!

13. Diospyros BURHANICA, Kurz in Joum. Asiat. Soc. Bengal, Vol. XL. Pt. ii. p. 73.

n. 96 (1871).

D. foliis alteiniis, ovalihus, apice ohtusis vel brevissime acuminatis, basi rotundis vel sub-

cuneatis, breviter petiolatis, tenuiter coriaceis, junioribus supra tomento tenui fugaci adtijjersis

suhtus appresse tomentosis ; floribus masculis 4

—

G-meris, breviter cymosis, tomentosis, urceolato-

oblongis, staminibus scepius 8, rarius 14—16, glabris ; fioribus femineis solitanis, friictibus

globosis, glabris, nitentibus, vidgo 4'-sperviis, albunnne seminum pidcJterrime ruminato, calyce

fructifero margine undtdato.

A small tree with young parts appressedly fulvo-pubescent. Branches cinereous. Leaves

alternate, oval, obtuse or slightly acuminate at apex, rounded or wedge-shaped at base,

tliinly coriaceous, covered when young especially beneath with appressed pubescence, at

leugth more or less glabrate, 1—6 in. long by ^—2 in wide ; veins not prominent
;

petioles

,',—J in. long.

<J. Flowers cream-coloured, urceolate-oblong, 4—6- usually 5-merous, J— ,]
iu. long,

fulvu-tomentose, in short 3—5-flowered axillary cymes, on young branches. Caly.x J— | in.

long, hemispherical, tonicntose on both sides, sliortly 4— 6-fid ; lobes deltoid or cordate-ovate.

Corolla shortly 4—5-lobed, glabrous inside ; lobes rounded, reflexcd. Stamens glabrous,
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usually 8, occasionally 14—IG, hypogynous or inserted at base of corolla, about i in. loiifT
;

anthers linear, acute, longer than the filaments. Ovary rudimentary, fulvo-pubescent.

5 . Flowers solitary, pentamerous. Fruit globose, shining, 1—li in. in diameter, commonly
4-seeded. Seeds about | in. long, reticularly wrinkled outside, shining ; albumen orev, beau-

tifully ruminated. Fruiting calyx about |in. in diameter, at base of fruit, tomentose; mamins
undidated.

Burma, in sandy and hilly woods, 3rd Kioudweng, 13 May, 1837, Griffith ! 3638 [see

Journal of Travels, p. 104 (1847)]; Pegu, Zeebenthlah, October, 1861, Br Brandis ! 952
(vernacular name Tayhen) ; M'LeUand ! ; Kurz ! 3010.

Authentic specimens of this species seen during the printing of this paper prove that it

embraces the specimens of Griffith and M'^Lelland, which I had previously named D. octandra

and so printed on pages 33 and 41.

14. DiOSPYROS LATERALIS, sp. nov.

D. ramis teretibus cinereis glabris, gemmis et inflorescentid ferrugineo-jmiescentibiis ;

foliis alternis, ovalibus, apice acuminatis, basi angiistatis, tenuiter coriaceis vel suhmemhra-

naceis, glabris, petiolatis, ner-vis tenuibus manifestis ; Jlorihus mascidis tuhulosis breviter cymosis

;

cymis lateralibus seats ramos et axillaribus, 3

—

9-flons; calyce oblongo apice 5—Q-loio,

corolld tubidosd plerumque o-fidd, staminibus 10—14, inaequalibus, fere glabris, antheris apiee

minute setulosis, filamentis glabris; ovario hirsuto rudimentario.

Buds and inflorescence ferruginous-pubescent ; branches terete, glabrate, cinereous. Leaves

oval, alternate, narrowly acuminate, cuneate at base, glabrous, submembranous or thinly

coriaceous, 2—4J in. long by 1—2i in. wide ; lateral veins slender, manifest, about 6 on

each side the midrib, margins slightly recurved
;

petioles i—| in. long, glabrous.

(7 . Cymes lateral on the older branches and axillary on the younger ones, i—J in.

long, 3—9-flowered ; iiowers tubular ; calyx oblong, -^ in. long, o—6-lobed at apex, glabrous

inside, lobes somewhat spreading, often unequal ; corolla tubular, exceeding the calyx, usually

5-fid, lobes obtuse ; stamens 10—14, very nearly glabrous, unequal, anthers minutely se-

tulose at apex, filaments glabrous; ovary rudimentary, hairy.

Borneo, 0. Beccari! n. 1600.

15. DiOSPYROS VERRUCOSA, sp. nov.

D. fructicosa, foliis ovato-oUongis, alternis, apice angiistatis, obtusis, mucromilatis, basi

rotundatis, tenuiter coriaceis, supra subglabris, subtus appresse pubescentibus ; fructibus soli-

tariis, pedunculatis, subtetragono-ellipsoideis vel -globosis, verrucosis, pubescentibus, 4t-locidaribus,

i-spe7-mis ;
peduncidis robustis, patentibus ; calyce fructifero parvo, patente, 4:-lubo, pmbescente

;

seminibus oblongis, sulcatis, albumine ruminato.

A shrub ; branches numerous, at length glabrescent, terete

;

young shoots densely and
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shortly pubescent, subfemiginous. Leaves ovate-oblong, alternate, thinly coriaceous, some-

what nan-owed and mucronulate at apex, rounded at base, neariy glabrous above except that the

depressed midrib is sometimes puberulous, paler with soft appressed pubescence beneath

and rufous-pubescent on the raised midrib and lateral veins ; 1
J

—

Si in. long by |—1^ in.

wide, including petiole Jg—^ in. long, rufous, densely puberulous ; lateral veins about 6 on

each side the midrib.

2 . Flowers solitary, on distinct densely pubendous rather slender peduncles, axillarj'

;

bracts small, rufous-hairy, caducous, near base of peduncle ; fniiting peduncles stout, thickened

upwards with wide articulation at apex, nearly ;|in. across, puberulous or subglabrate, I—|in.

lono-, patent ; fruiting calyx subtomentose-pubescent on both sides, spreading, 4-fid, J ia.

across; Avith depresso-deltoid lobes slightly recurved at apex. Fruit oblong or globose,

pulpy, roundedly 4-sided, verrucose, at length smoother with pale ferruginous short pubes-

cence between the raised warty prominences, obtusely umbonate at apex, 1—l^in. long by

5—lin, across from one side to the opposite side, 4-ceUed; cells 1-seeded ; seeds |—Jin.

lonw, enclosed in a thin chartaceous envelope, transverse section a quadrant of a circle

of radius ^in., shewing several intrusions of the testa into the albumen corresponding

with depressed lines on the exterior of the seed ; embrj-o nearly straight, nearly the length

of the seed; radicle superior, much shorter than the compressed 1—3-nerved cotyledons.

In one case the calyx is triangular and flat. The pulp of the fruit is eaten.

E. Africa, Prov. Zanguebar, Br Kirk / ; Zambesia, Rovuma R., 20 miles above the mouth.

Dr Kirk!, August 1862.

IG. DiOSPTROS KOETHALSIANA.

Z). glabra, foliis altemis ellipticis, apice obtuse acuminatis, basi cuneatis, coriaceis, costis

inconspicuis ; fi-uctibus solitariis, axillaribus, pedunculatis, glabris, apice cum stylorum reliquiis

appresse ferrugirieo-hirsutis, ellipsoideis, 8-locularibits, S-spermis ; seminibus oblongis, albumine

ruminato.

Diospyros macrocarpa, Korthals MSS. in Hb. Lugd. Batav. Ebenacese No 2, non mihi.

Glabrous ; branches (in dry state) drab. Leaves elliptical, cuueate at base, obtusely

acuminate at apex, alternate, coriaceous, 2—4 in. long (besides petiole \—| in. long) by

^—1| in. wide, palish brown (in dry state) on both sides, shining above, midrib depressed

above; veins inconspicuous.

Fruit solitary, on axillary peduncles which are |in. long, suberect, thickened upwards

and thicker than the extension of the young branches from which they grow; fruit ellip-

.soidal, glabrous except at apex, dark and shining, about liiu. across, by scarcely 2in. (?)

long, 8-celled, 8-seeded, tipped by appressedly ferruginous-hairy remains of style. Pericarp

in the diy state ^ in. long ; seeds | in. long by i in. wide and | in. thick in the dry

state, pendulous from inner side ; albumen somewhat ruminated.

Fruiting calyx nearly glabrate outside, appressedly hairy and smooth inside, very crass.
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shallowly cup-shaped, 1 in. across, 4-cornered and shortly 4-lobed ; about | iu. high ; tube

with elevated rim ; lobes much thinuer, reflexed ; verrucose-rugose outside.

Borneo, Kortlmls !

17. DiosPYROS AFFiNis, Thw. Eauni. Ceyl. PI. p. 179. n. 6 (1860).

D. foliis alternis, ovalihus vel ohlongis, apice obtusissimis, hasi angustatis vel suhrotimdis,

tenuiter coriaceis, glahris, 'petiolatis ; jionbus masctdis 3—7-rw's, cymosis, puhescentibiis, ^-meris,

calyce apice lobato, corolla urceolato-oblongd ; staminibus 6—16 glabns vel leviter hirsutis

;

floribus femineis solitarUs, pedunculatis ; staminodiis 6—8, glabris, ovario 6 (?) -locidari

;

calyce inter lobos marsupto-dilatato, lobis acuminatis ; albumine ruminato.

Bedd. Ic. PL Ind. Or. (Part vii.) p. 26 t. 127 (1871).

A moderate-sized tree ; buds ferruginous hairy ; branches quickly glabrescent. Leaves

oval or oblong, alternate, quite obtusely narrowed at apex, narrowed at base, thinly coria-

ceous, glabrous or puberulous below, 1^—4|in. long by ^—liin. wide; petioles ^—^in,

long; midrib canaliculate above, net-veins numerous, raised on both sides,

^ . Flowers |^in. long, cymose, 3—7 together; cymes ^—|in. long excluding the flowers;

ultimate pedicels short, not exceeding -nrin. long. Calyx semi-ellipsoidal, with short hairs

on both sides, 4-toothed at apex, l in. long. Corolla shortly salver-shaped, tawny-hairy

outside ; tube inflated below, constricted at top ; lobes 4, spreading, oval, somewhat pointed

at apex, about ^ the length of the tube. Stamens 6—16, usually about 9 and some or

all in pairs, short, usually hypogynous and imequal ; filaments glabrous, shorter than the

anthers which are glabrous or somewhat hairy. Ovary rudimentary, represented by a bunch

of hairs.

9 . Flowers solitary, ^ in. long and wide
;
peduncles axillary, J

—

^ in. long, equalling

or rather shorter than the flower, puberulous. Calyx ^in. long, hairy inside, subglabrate

outside, 4-fid, plicate ; lobes acuminate with very wide sinuses ; somewhat enlarged in fruit.

Corolla shortly 4-fid with 6—8 glabrous staminodes at base inside. Ovary 6-celled (4-celled ?,

conical), hairy ; styles 2, bifid at apex. Fruit globular, apiculate, usually 4-seeded, 1 in.

long, finally glabrous ; seeds | in. long or more by ^ in. wide, with ruminated albumen.

Ceylon, Thwaites ! C.'P. 2924.

18. DIOSPTROS CRUMENATA, Thw. Enum. Ceyl. PI. p. 179. n. 5 (1860).

D. foliis alternis, ovalibus vel oblongis, obtuse et breviter acuminatis, coriaceis, glabris,

petiolatis; jioribus mascidis breviter cymosis, 3

—

5-nis, tetrameris, pubescentibus, staminibus

circiter 12, glabris; floribus femineis solitariis, breviter pedunculatis, tetrameris, calyce inter

lobos marsupio-dilatato, staminodiis 8, glabris; ovario 8-loculari, hirsute; fructibus si.ibglobosis

glabrescentibiis, albumine ruminato.

Bedd. Ic. PI. Ind. Or. (Part VII.) p. 26. t. 126 (1871).

A large tree; branches glabrous. Leaves oval or oblong, alternate, obtusely shortly

Vol. XII. Part L 22
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and abruptly acuminate at apex, rounded or narrowed at base, coriaceous, glabrous, with

midrib channelled above and net-veins numerous and raised on both sides, 2—5 in. long by

1—2 in. wide; petioles \—Jin. long, canaliculate above.

5 . Cymes 3—-S-flowered, near together, about ^ in. long, hairy. Calyx obscurely 4-dentate,

glabrous inside, ^

—

\ in. long. Corolla ^ in. long, shortly 4-lobed ; lobes recurved. Stamens

about 12, glabrous, hypogynous.

9 . Flowers solitary, rather more than i in. long
;
pedimcles hairy, I in. long, thickened

upwards. Calyx J in. high by | in. wide, shallowly 4-lobed, plainly plicate, coriaceous,

puberulous outside, hairy inside ; lobes obtuse or apiculate and rounded ; between the lobes

marsupio-dilated. Corolla slightly exceeding the calyx ferruginous-tomeutose, shortly 4-lobed

;

lobes with undulated margins and tomentose on both sides. Staminodes 8, in one row,

glabrous, inserted at base of interior of corolla-tube. Ovary S-celled, hairy. Fruit subglobose,

6—8-seeded, li—2 in. in diameter, at length glabrous, resting at base on tetragonal thickened

spreading calyx, IJin. in diameter; seeds black, shining, 1 in. long, |in. wide, with ruminated

albumen.

Ceylon, 2000—4000 ft. alt. Thwaites ! C. P. 2438.

19. DiosPTKOS FRUTESCENS, Blume, Bijdr. Fl. Ned. Ind. p. 668 excl. var. (182.5).

D. foliis altemis, elliptids, apice aciiminatis, hasi angustatis, firmiter suhmembranaceis,

r/labris, nitentibus ; fiorihus femineis axillaribus vel laferalibus, tetrameris, co-nis; calyds

lobis margine revolutis ; corolla suburceolatd, 4i-Jidd ; staminodiis 8, cejualibus, uniserialUms

;

ovario hispido ; fructibus globosis, subglabris, succulentis.

Alph. DC. Prodr. viii. p. 230. n. 38 excl. var. (1844), non Hassk. Plant. Javan. rar.

p. 467 (1848).

Young shoots puberulous ; branches dark, terete, smooth. Leaves alternate, elliptical,

firmly submembranous, somewhat narrowed at base, acuminate at apex, glabrous and shining,

2J—5 in. long by IJ—2Jin. wide, petioles J— | in. long; veins inconspicuous above; midrib

depressed above ; margins neatly recurved.

9 . Cymes axillary or lateral, fasciculate, many-flowered, ^—f in. long (excluding the

flowers), shortly pubescent, ferruginous (or fuhginous) ; common peduncle obsolete
;

pedicels

J—Jin. long; bracts ovate acuminate, near base of pedicels. Flowers about Jin. long;

calyx about J in. long, puberulous outside, deepl)' 4-lobed ; lobes with sides reflexed from

a longitudinal internal edge ; corolla glabrous except 4 longitudinal puberulous lines outside,

4-fid, suburceolate ; tube J in. long and thick, lobes | in. long spreading, ovate, subciliate

and pointed at apex by inflexion of sides near apex, contorted in aestivation ; staminodes

8, equal, inserted in one row near base of corolla, |in. long, appearing at mouth of corolla-

tube, filaments longer than the barren anthers, hairy near top ; ovary globose below, ovoid

above, terminated by 2 hairy styles, ferrugineo- or (uigro-) hispid, 4- (10-) celled, 4- (10-)

ovulcd; stigmas cmarginate. Fruit globose, subglabrate, IJ in. in diameter, succulent; (seed

scarcely 1 in. long by ^'m. wide, transversely sulcate outside; albumen ruminated). Fruiting
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calyx I in. across, spreading, puberulous outside, with raised 4-sided thickened stellate border

inside ; lobes wide, short, undulated.

Java, Blume/ , Horsfield drawings n. 128 (part) in Hb. Kew.

20. DioSPYKOS DENSIFLORA, Wall. List, n. 4140 (1828—32),

D. foliis altemis, anguste ovalihiis, utnnque ohtusis, interdum suhacutis, glabris, coriaceis,

supra nitidis venis inconspicuis, petiolatis; floribus cymosis, tetrameris, pubescentibus, calyce

profunde lohato, lolis margine reflexis, corolla tubidosd, staminibus 15— 16, antheris glabris,

filamentis hrevissiniis hirsutis ; fructibus globosis, ferrugineo-pihsis, calyce fructifero plicato,

seminibus oblongis, transverse notatis, aXbumine ruminato (?).

Alph. DC. Prod. viii. p. 233. n. 56. (1844).

Branches glabrous terete. Leaves alternate, coriaceous, oval-oblong, glabrous, obtuse or

obtusely acuminate at apex, slightly narrowed at base, 4—8 in. long by 1
-J
—3§ in. wide

;

petioles about | in. long, glabrous, strong, wrinkled ; midrib depressed and lateral veins

slightly raised on upper face.

(5 . Cjanes panicled, about 1 in. long, hairy, many-flowered with hairy bracts and short

pedicels ; flowers about | in. long, tetramerous ; calyx
-J^

in. long, hairy on both sides, 4-

partite, lobes ovate with reflexed sides ; corolla cylindrical, hairy outside, glabrous inside,

4 times the length of the calyx; stamens 15—16, anthers glabrous, on veiy short hairy

filaments; ovary rudimentary, hairy.

9. Cymes |in. long, puberulous, about 12-flowered, trichotomous
;
pedicels longer than

the peduncle ; bracts lanceolate, at base of pedicels ; flowers 1 in. long. Fruit globose, |—| in.

long, ferruginous-pilose ; seeds oblong, transversely scored, albumen ruminated (?). Fruiting

calyx 4-partite, f the length of the fruit, puberulous, lobes much widened at base with

auricled imbricated bases forming 4 dependent processes, plicate
;

pedicels I—J in. long.

Moolmyne and Amherst, WallichI; Martaban, Burma, below 500 feet alt., a small tree,

Dr Brandis

!

21. DioSPYKOS OOCARPA, Thw. Enum. Ceyl. PI. p. 180. n. 9 (1860).

D. foliis altemis, glabris, ovatis vel ovalibus, apice obtuse acuminatis, basi rotandatis

vd pariim angustatis, tenuiter coriaceis, nervis inconspicuis; floribus mcLsculis, 3

—

'7-nis, hre-

vissime cymosis, 3

—

^-meris, calyce subintegro, vel dentato, corollce prcefioratione irregulari,

staminibus 9—12, glahiis ; floribus femineis 1

—

3-)m-s, subsessilibus ; ovario 6

—

8-loculari;

Jructibus subglobosis vel oblongis, pubendis vel glabratis, rugoso-areolatis, albumine non rumi-

nato ; calyce fructifero vix aucto.

D. Arnottiana, Miq. (in PI. Ind. Or. Hohenacker, n. 562!) ex Thw. I.e. p. 423 (1864).

Ceylon name Kaloo-kadoornbaireya-gass.

A moderate-sized tree; yoiing shoots pubescent or puberulous, quickly glabrescent.

Leaves alternate, glabrous, ovate or oval, obtusely acuminate at apex, more or less rounded

22—2
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towards base, inconspicuously veined with midrib canaliculate above, thinly coriaceous 2—4^ in.

long by 1—2 in. wide
;

petioles A—j in. long.

<5. Flowers 3—7 together, arranged in dense axillary fulvous-silky cymes equalling

or falling short of the petioles, with very short pedicels and rounded concave bracts. Calyx

^ in. lono-, tubular, subentire or 3—4 dentate (or even 3—4-fid), glabrous inside. Corolla

-Sjin. long, 3—4-fid, with obtuse lobes, one of which is completely enclosed by the others

in bud, the other lobes imbricating sometimes dextrorsely and at other times sinistrorsely.

Stamens 9—12, alternately in pairs and single, glabrous, inserted at the base of corolla-

tube or some hj-pogynous; the outer ones of the pairs the longer; anthers shorter than

the longer filaments (at least in bud) ; ovary rudimentary, hairy.

9 . Flowers 1—3 together, scarcely longer than the male ; ovary 6— 8-celled. Fruit

ecrcr-shaped when ripe, cylindrical when young, scattered with short ajjpressed ferruginous

hairs, glabrescent, l^in. long by fin. thick when ripe, rugoso- or sub-verrucose, resting at

base on scarcely increased calyx, solitary, 2-or more-celled, "usually G-seeded." Seeds with

albumen not ruminated.

Ceylon, Thwaites! C. P. 1914; Concan, Dalzell! ; Bababoodun Hills, Mysore, Mr Law!

22. DioSPYEOS TRUNCATA, Zoll. et Mor. in Morltzi, Systemat. Verzeichn. Javan.

Pflnzn. p. 43. n. 11-56 (184G).

D. foliis alternis, ovali-oblongis, apice obtuse acuminatis, hasi cuneatis, glahis, ienuiter

coriaceis, hreviter 2>Btiolatis, marginihus revolutis; florihus masculis 2

—

8-nis in alts sub-

sessilibiis vel brevissime cymosis, glahris; calyce tubidoso subintegro, corollce lobis acuminatis,

Staminibus 11—14, glabris ; floribus femineis 1

—

2-nis, brevissime pedunculatis, tetranieris;

calycis lobis latissimis retusis rejlexis ; corollce lobis acutis, jmientibus ; staminodiis 8—10;

stylis 4 ;
fi-uctibus ^-locularibus, glahris.

D. laxa, Teijsmann et Binnendijk, PI. n. h. Bogor. in Kruidk. Arch. iii. p. 406 (1855).

D. melanoxylon, Blume ! Bijdr. F). Ned. Ind. p. 669 (1825), non Roxb.

A tree with terminal buds slightly hairy; branches glabrous, terete, lax, widely spreading

and forming a beautiful crown or top. Leaves oval-oblong, obtusely acuminate at apex,

attenuate or narrowed at base, thinly coriaceous, with margins more or less reflexcd, midrib

depressed above, and delicate not contiguous lateral veins inconspicuously raised on both

sides ; of a yellowish green colour, alternate, glabrous, 3—6 in. long by 1—2 iu. witle
;
petioles

^\ iu. long.

6. Flowers 2—4—8 together on very short axillary somewhat pubescent cymes, glabrous,

yellowish green, slender, -^^j in. long ; bracts small, pubescent
;

pedicels very short. Calyx

tubular, somewhat inflated in middle, 4-toothcd at apex, ^^ in. long by J in. thick ; corolla

tubular, narrowly conical in bud, 4-fid (?), with acuminate lobes; stamens 11—12—14, glabrous,

at base of corolla or on disk ; filaments short ; ovary obsolete.

9 . Flowers 1—2 together, ^

—

\ in. long, on peduncles about -^ iu. long, axillary, as

long as the petioles. Bracts caducous. Calyx glabrous with 4 very wide retuse reflexed
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(short?) lobes; corolla twice the length of the calyx, 4-fid, with acute, patent, pale-yellow,

lobes white at the base ; staminodes 8—10 ; styles 4 connate at the base. Fruit glabrous,

8-celled, ^ in. thick, globose, shining ; fruiting calyx forming a shallow 4-comered cup for

base of fruit, with 4 reflexed undulate-plicate retuse lobes
; |—f in. in diameter.

According to Moritzi this tree resembles D. Ehenum, Linn. fiL, and has even in the

young twigs indications of black wood which becomes quite black in the older branches.

The male flowers open in March.

In woods. Java. De Vriese ! 6 fl. ; ZolUiujer ! n. 1156; Br Horsjield ! Ebenacese, n. 4,

in fruit ; Binnendljk ! 6 &; Hasskarl ! ; Blume !

23. DiosPTROS HALESioiBES, Grisebach Cat. PL Cubensium, p. IGS. n. 2 (1866).

B. fuliis altemis, obovato-ovalihus, apice acutatis, hasi obtuse cuneatis, suhcoriaceis, j^ellu-

cido-^punctatis, subtus fulvo-velutinis, rohuste venosi's, supnl pubescentibus ; florihis masculis in

cymis brevissiviis axillaribus dispositis, 1—3-?ii's, velutinis, cali/ce breviter 4:-jido cavipanidato,

corolld urceolato-obhngd, breviter 4!-jidd, lohis ovatis acuniinatis, staminibus 12, glabris ; fnio-

Ubus solitariis, subsessilibus, depresso-globosis, ferrugineo-sericeis, %-locularibus ; calyce fructi-

fero ampliato, lobis erecto-patentibus.

Terminal buds ferruginous-haiiy; young shoots pubescent at apex, glabrescent shining

and terete below. Leaves alternate, somewhat obovate, acute and apiculate at apex, cuneate

to an obtuse base, subcoriaceous, fulvo-velutinous and conspicuously rich-veined beneath,

darker nearly glabrescent and nitescent above, except veins ; midrib depressed above

;

1—2i in. long by |—1^ in. wide, pellucid-punctate; petioles ^^j—iV in. long, ferruginous-

pubescent; bracts ovate, small, fulvo-pubescent.

$ . Flowers J in. long, in (1—) 3-flowered sessile or subsessile fulvous-hairy short cymes,

on short pedicels j calyx campanulate, fulvo-velutinous, unequally 4-lobed, |

—

\ in. long ; lobes

deltoid, acute, less than half the length of the tube, unequal. Corolla haiiy outside, glabrous

inside, campanulate-oblong, |

—

\ in. long, 4-fid; lobes ovate-lanceolate. Stamens (11—) 12,

glabrous, unequal, 8 in 2 rows opposite lobes of corolla, the inner 4 of which are on shorter

filaments than the outer 4 and inserted above them (or united with them in 4 pairs) and

4 alternate with the corolla-lobes, and inserted on corolla near its base; filaments slender;

ovary rudimentary, fulvous-hairy.

<; . Flowers unknown. Fruit solitary, sessile, depresso-globose, 1 in. thick by f in. high,

ferruginous- silky, S-celled ; fruiting calyx accrescent, deeply 4-fid, somewhat spreadino-, 14 in.

across the top ; lobes ^-ellipsoidal, with margins somewhat recurved ; albumen not ruminated.

Eastern Cuba, Wright! 2936 6 fl., 2937 in fruit.

24. DiOSPTROS BOKXEEXSIS, sp. nov.

D. foliis altemis, oblongis, apice breiiter acuminatis, basi angusiatis, subglabris, tenuiter

coriaceis, breviter j)etiolatis ; jloribus femineis secus ranios vetustos glomeratis, jwdunculatis,

pvhescentibus, calyce tubuloso subintegro, corolla, o-fidd, lobis ovalibus rejlexis obtusis ; stami-

nodiis 10, uniserialihus, glahris, basi coroUce insertis ; stylo 4i-lobo ; ovario conico, ferrugineo-

tomentoso, 8-loculari, loculis 1-ovulatis; fructibus magnis, globosis, tomentosis.
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A tree ; wood yellow, tough and stringy with black streaks. Terminal buds ferruginous-

tomentose; youug shoots puberuloas ; branches dark, glabrescent, terete. Leaves oblong,

alternate, thinly coriaceous, shortly acuminate at apex, somewhat narrowed at base, puberu-

lous when young, glabrescent, 5—6^ in. long by li—2 in. wide, including petiole i

—

I in.

long; canaliculate on upper side, midrib depressed above, lateral veins about 12 on each

side, distinct on under side, indistinct above, forming (by anastomosing) a marginal vein

clearly marked beneath; tertiary veins oblique.

9 . Flowers clustered, greenish white, large, on distinct fulvo-tomentose peduncles -^—| in.

long inserted on tubercles on older branches. Bracts small, obtuse, Jj

—

^ in. long, at base

of peduncles. Calyx about f in. long by J in. thick, finely fulvo-tomentose outside, appress-

edly silky inside, tubular, irregularly and shallowly toothed at apex. Corolla about 8 in.

lono- when straightened, nearly glabrous but with ciliate margins to the lobes, 5-fid ; lobes

oval, imbricated, reflexed. Staminodes 10, glabrous, in one row, inserted at base of corolla.

Style -t-lobed; ovary conical, femiginous-tomentose, 8-celled; cells 1-ovuled; dissepiments thin.

Fruit large, with a sweet black pulp, globose, fulvo-tomentose, crowned with short style,

surrounded half-way up by burst calyx.

Native name malam kuning. Tamgong Vinbong, Labuan, rather uncommon, Mr Motley I 7.

25. DiOSPYROS BATOCANA, sp. nov.

D. foliis alternis, ovalibus, utrinque rotundatis, coriaceis, glabris, supra nitentibus, suhtus

palUdis albidis, margine reflexo, nei-vis tenuibus, petiolis rugosis ; fioribus masculis sessilibus

glonieratis secus ramos annotinos in nodulis dispositis, pentameris, fidigineo-hispidis ; calt/ce

apice lobato, corolla crassd, avoided; staminibus cirdter 12, glabris, incsqualibus, ovarii rudi-

mento hispido.

A large bush, quite or nearly glabrous except the buds and inflorescence; branches

nioTO-cinereous, spreading at about 4.5°. Leaves alternate, oblong-elliptical, shining above,

whitish beneath, firmly coriaceous, glabrous or with a few minute black sette beneath, more

or less rounded at both ends, with reflexed margins and veins in delicate relief on both

sides, 2—2i in. long by \
—1 in. wide

;
petioles |

—

\ in. long, thick, angular, obliquely and

in other directions wrinkled, often twisted or recurved.

i. Inflorescence arranged on nodules, covered with fuliginous and ferruginous hispid

hairs, on the branches of previous season ; flowers sessile, several together, clustered ; bracts

at ba.se of caljTC ; calyx fuliginous and ferruginous-hispid on both sides, 5-lobed at apex

;

corolla fuliginous-hispid outside, 5-fid, pale and glabrous inside, crass, ovoid; lobes imbri-

cated sinistrorsely, obtuse; stamens 12—16 (?), glabrous, unequal, on short filaments; ovary

wanting, represented by ferruginous hairs.

Tropical Africa, Setoka, "Mikumbo," Batoka countrj-, Dr Kirk!, fruit eaten, <J fl. July.

2G. DiOSPYROS QU^SITA, Thw. Enum. Ceyl. PI. p. 179. n. 7 (1860).

D. foliis alternis, ellipticis vel oblongis, apice hreviter et abrupte acuminatis, obtusis, basi

parum angiistatis, glabris, coriaceis, petiolatis, nervis reticulatis gracilibus; Jloribus masculis

3

—

0-nis, breviter cymosis, 4

—

h-meris, hirsutis, calyce tubutoso apice dentato ; stamitiibus 16,
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ghbris, ovarii rvdimento hirsxdo ; floribus femineis solitariis, pedunculatis, pentameris, calyce

inter lobos marsupio-dilatato, lobis acutiuscidis ; fructlbus suhjlobosis, externe rugosis, subgla-

hris, seminibus compressis, albuinine non ruminato.

Bedd. Ic. PL lud. Or. (Pt. vii.) p. 26. t. 128 (1871).

A large tree, nearly glabrous except the buds and flowers ; branches terete, dark, spreading

at about 40". Leaves alternate, coriaceous, elliptical or oblong, abruptly and shortly acumi-

nate, somewhat narrowed at base, glabrous except a few scattered weak appressed hairs

beneath ; 3—7 in. long by 1|—3 in. wide, turning fuscous in drj-ing, with petioles canalicu-

late and about i in. long, midrib depressed on the upper surface, lateral veins numerous, not

conspicuous.

,? . Cymes 3—9-flowered, pilose, about equalling the petiole ; flowers (closed) i—| in.

long. Calyx
-fi^

in. long by ^ in. wide, obscurely 4—5-lobed at apex, pubescent, tubular,

somewhat inflated about middle ; lobes depresso-deltoid ; corolla about | in. long (closed),

oblong, clothed outside with subferruginous felt, 4—o-lobed ; lobes ovate, about |ths depth

of corolla-tube; stamens 16, hypogynous, glabrous, not united in pairs, ^ in. long; anthers

longer than the filaments ; ovary rudimentary, hairy.

9 . Flowers solitary, pentamerous ; corolla shortly o-lobed ; fmiting calyx 5-fid, mar-

supio-dilatated with ovate cordate lobes having reflexed sides and base, hairy inside, 1^ in.

across ; fruiting peduncle stout, patent, | in. long ; fruit subglobose, 2 in. in diameter (imma-

ture), rugose, nearly glabrous, 8-celled (?) ; seeds 1 in. long, shining, compressed ; albumen not

ruminated.

According to Dr Thwaites this tree is the true Calamander of the Cinghalese ; in Ceylon

it is called Kaloomidereya-gass.

Ceylon, Thwaites! C. P. 3010.

27. DiosPYROS TOXiCAEiA, sp. nov.

D. foliis alterms, elongato-ovatis, apice acuminatis, lasi rotundis, glabris, nitentibus,

coriaceis, subtus reticulatis ; petiolis robustis ; floribus masculis ferrugineo-tomentosis, sessilibus,

aggregatis, e pidvino convexo surgentihus, iracteis basi obtectis, calyce apice lobato, corolla

breviter 4e-fidd, staminibus 11—13, glabris, ovarii rudimento dense piloso ; fructibus solitariis,

subsessilibus, ferrugineo-tomentosis, subglobosis, 8-locularibus ; calyce fructifero, cyathiformi,

breviter ^i-lobo, aucto.

A tree, 20—30 feet high, glabrous except the fruit and inflorescence, bark rather rough,

gum sometimes exudes from it. Leaves elongate-ovate, rounded at the base, acuminate

at the apex, alternate, coriaceous, shining, 2h—5 in. long (besides robust petiole about i in.

long) by 1—2 iu. wide, midrib depressed above, finely reticulated as in D. tessellaria.

(J. Flowers 5—12 together sessile or axillary, very short ferruginous haiiy dense

nodular cymes; bracts imbricated, unequal, feiTugineo-tomeutose outside, nearly glabrous

inside, oval, some (outer ones) J in. long; buds ovoid, ferrugineo-tomentose, \ in. long;

calyx lobed at apes, hairy outside, glabrous inside. Corolla shortly 4-fid, hairy outside,

glabrous inside. Stamens 11—13, glabrous; ovary wanting ; receptacle hairy. Native names
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Sifatatu, Alacainisi. Madagascar, Tranomaro, sands near the sea, July 18G2, Br Mdlerl

Natives say that birds die soon after eating the fruit.

5 . Bracts caducous, imbricated. Fruit solitary, ferruginous-tomentose, subsessile
;
young

fruit scajcely the length of the accrescent calyx, ovoid or subglobose, i in. high, umbilicate-

depressed at apex, S-celled, 8-ovuled; pericarp thick; fruiting calyx ferruginous-tomentose on

both sides, cup-shaped, shortly i-lobed. Native name Vorongi. Madagascar, Tranomaro,

July 1S62, Dr Mellerl

The following may belong to this species:

CI) Specimen with ovoid fruit ferruginous-tomentose 2 iu. high, fi-uiting calyx li in.

across appressed to base of fruit, leaves 4J—6^ in. long by 1§

—

1\ in. wide; Madagascar,

Lastelle ! 1841, seen in the Paris Museum.

(2) Fruit nearly 1 in. long, rufous-tomentose. Fruiting calyx spreading | in. across;

Madagascar, Chapelier! Seen in the Paris Museum.

(3) Fruit IJin. long by 1^ in. thick, fenaiginous-tomentose, B-celled ; fruiting calyx

spreading. Without leaves. Said to come from S. Africa, but probably this is a mistake;

Gerard ! n. 190, seen at the Kew Museum.

28. DiosPTROS TESSELL.VRIA, Poir. in Enclyc. Me'th. V. p. 430. n. 5 (1804).

D. ramulis fusco-cinereis ; foliis alternis, ovalibus vel ovatis, apice rotiindatis, hasi

rotundis, glabris, nitentibus, coriaceis, tenuiter reticulatis, petiolatis ; flwibus niasculis sessilibus,

scepius aggregatis, e pulvino convexo ferrugineo pihso surgentibiis, tetrameris, tommtosis,

hracteis imbricatis ovato-rotundatis extus sericeis intus glabris; cali/ce apice lobato, staminibvs

12—13, glabris; fioribus femineis aggregatis, tetranieris; fructibus sitbghbosis, ferrugineo-

sericeis vel subglabratis, 8-locularibus, edulibus.

Alph. DC. Prodr. VIII. p. 22.5. n. 12 (1844).

Ebenus tessellaria, Commers. ex Poir. I. c.

D. Ebenum, Poir. I. c. p. 429. n. 4, non Koenig.

B. reticulata, Willd. sp. pi. iv. p. 1109, n. 6 (1805), Alph. DC. I.e. n. 11 excl. yS timoriana,

non Decaisne.

A tree or shrub with dark-cinereous glabrous branches. Leaves alternate, oval or

ovate, rounded at both ends, especially at base, where they are sometimes slightly cordate,

glabrous, coriaceous, shining, finely reticulated, 3—6 in. long by li—3^ in. wiile; margins

slightly reflexed; petioles stout, {—J in. long. Flowers densely chistered, sessile, arising

from lateral nodules on the young branches, fulvo-sericeous, tetramcrous; calyx tubular,

lobed at the apex, ^

—

\ in. long; i. stamens 12—13, glabrous, mostly in pairs, inserted on

the receptacle. Fi-uit globular or ellipsoidal, 8-celled, nearly glabrate or sericeous, edible,

8-cclled ; fruiting calyx hemispherical or rarely flat, thickly coriaceous, sericeous, lobes

short, rounded. Wood valuable ; this species probably yields the ebony of Mauritius.

Mauritius, in the forests of the highest parts of the island, BoutonI ; Ayres!, Telfair!;

shrub G—8 feet high, fruit good to eat, sweet, fruiting calyx flat, BoutonI
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D. rubra, Gaertn. fil. Fruct. et Sem. PI. iir. p. 138. t. 208 (1S05), differs by a flat

5-lobed fruiting calyx and 10-celled fruit-; it may however belong to D. tessellaria Poir.

or. if not to D. chrysophyllos, Poir.

29. DiOSPTROS HAPLOSTYLIS, Boiv. MSS.

D. foliis altemis, ovah'bus, apice anguste acuviinatis, hasi angustatis, coriaceis nitidis

suhglabns, sithtiis teimiter reticidatis, breviter petiolatis ; florihis mascidis 3

—

Q-nis brevissime

cymosis vel aggregatis, ferrugineo-sericeis, 4

—

5-meiis, calyce breviter lohato, staminibus 10 12,

glabris, biserialibus ; floribus femineis soUtariis, brevissime pedunculatis, ferrugineo-sericeis

4

—

5-nieris, staminodiis 4, glabr-is, ovario sericeo, depresso-globoso, 8-loculari, stylo apic6

4i-lobo ; fructibus subglobosis, glahrescentibus, 8-locularibus.

A shrub of 12 feet or an erect tree 22 feet high or more; heart-wood black, very

hard
;
young jDarts pubernlous ; branches glabrescent, terete, subcinereous, smooth. Leaves

alternate, oval, narrowly acuminate at apex, somewhat narrowed at base, coriaceous, glabrous

with depressed midrib above, highly and minutely reticular beneath with scattered appressed

inconspicuous hairs, somewhat undulated, 2^3^ in. long by 1—1| in. wide; petioles ^ in.

long.

<?. Flowers clustered, 3—6 together, subsessile on young branches, ferruginous-pubescent,

I in. long by i in. thick
; bracts caducous, smaller than the flowers ; calyx hairy on both

sides, I in. long by i in. thick, lobes 4, erect, deltoid, one-third the depth of the calyx;

corolla hairy outside, glabrous inside, lobes one-tljird the length of the corolla ; stamens

10, 12, glabrous, hypogynous, biseriate, nearly equal, J—f iu. long, anthers JL in. long,

linear; ovary rudimentary, ferruginous-sericeous.

9 . Flowers solitary, ferruginous-sericeous, nearly | in. long, very shortly pedunculate

;

calyx
-f^j

in. long by | in. thick, campanulate, lobes 4—5, ovate deltoid, one-third depth

of calyx; corolla 4-fid, lobes somewhat spreading; staminodes 4, glabrous, short, alternate

with corolla-lobes; ovary densely sericeous, fleshy, depresso-globose, j\ in. high by i in.

thick, 8-celled, terminated at apex by style; style yi in. long, 4-lobed at apex. Fruit

ferruginous-sericeous when young, glabrescent, subglobose, 1^ in. long by 1 in. thick,

8-celled ; cells 1-seeded ; fruiting peduncle ^ in. long, sericeous ; fruiting calyx | in. long

and wide, hairy on both sides, campanulate or nearly flat, spreailing.

Madagascar, Nossi Be, Boivin/ 2108 bis, PerviM! 439, 505; mountains at Diego,

Suares, Bernier ! 259 (excl. fr.j.

30. DiosPYROS MELANIDA, Poir. in Encycl. Meth. V. p. 431. n. 7 (1804).

D. foliis altemis, ovalibus, utrinque rotundatis vel obtuse angustatis, glabris, coriaceis,

petiolatis, mediocriter reticulatis ; floribus niasculis 1

—

o-nis, aggregatis, sessilibus, 5

—

6-meris,

calyce suhglahro apice lobato, corolla 5

—

Q-fidd, extus sericed, staminibus 22—24, glabris, basi

corolla} insertis ; floribus femineis soUtariis, fructibus subglobosis, sessilibus, 10-locularibus,

calyce fructifero aitcto, 5

—

G-lobo, tubo concavo, lobis recurvis scepe undulatis ; seminibus oblongis,

albmnine cartllagineo, non ruminate.

Vol. XII. Part I. 23
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Alph. DC. Prodr. viii. p. 227. n. 22 (1844).

Ebemis melanida, Commers. ex Poir. I. c.

(?) D. pterocalyx, Boj. Hort. Maurit. p. 200. n. 7 (1837), Alph. DC. I. c. p. 22.5. n. 14 ?

A tree with glabrous stem and branches. Leaves alternate, oval, rounded or obtusely

narrowed at either end, glabrous, coriaceous, 1—8 in. long by i—3 in. wide, petioles \—

J

in. long; margins slightly recurved, net-veins delicate, often coloured beneath.

6 . Flowers 1—3 together, sessile, o—6-merous, \ in. long ; calyx tubular, cup-shaped,

Jin. long, subentire or 5—6-lobed at apex, subglabrous; corolla 5—6-fid, silky outside,

glabrous inside, lobes oval, rounded, spreading and reflesed ; stamens 22—24, glabrous, inserted

at the base of the corolla; ovary rudimentary, hairy.

5 . Flowers solitary. Fruit sessile, subglobose, as large as a moderate-sized apple,

glabrous, shining, 10-celled, surrounded one-third Avay up by tube of calyx which has 5—

6

wide reflexed and often undulated lobes. Seeds oblong, albumen not ruminated.

Mauritius, Bouton ! The following localities are less certain ; Bourbon, Richard!,

Boivin!; Round Island, Mauritius, Sir H. Barkly!; Rodriguez, Bouton!

31. DiospTROS NODOSA, Poir. Encycl. Meth. V. p. 432 n. 9. (1804).

D. foliis ovalibus vel ohlongis, alternis, utrinque rotundatis vel obtuse angiisfatis, glabris,

coriaceis, petiolatis, mediocriter reticulatis ; jloribus mascidis 1-—3-nis, subsessilibus, scepius

B-mens, calyce glabra, apice lobato, staminibus 20—32, glabris ; fioribus femineis solitariis,

subsessilibus, stamiiiodiis 12, ovario hirsuto, stylo 5-lobo ; fructibus suhglobosis, glabratis, calyce

fructifero aucto, tubo crjathiformi, lobis erectis.

Alph. DC. Prodr. viii. p. 22G. n. 18 (1844).

B. angtilata, Poir. I.e. p. 434. n. 16, Alph. DC. I.e. p. 226. n. 16.

D. inauritiana, Alph. DC. I.e. p. 226. n. 1.5 (1844).

B. viacroealyx, Alph. DC. I.e. p. 226. u. 17, non Kl.

(?)D. capensis, Alph. DC! I.e. p. 226. n. 19.

(?)i). Neraudii, Alph. DC. I.e. p. 227. n. 23.

(?) B. Boutoniana, Alph. DC. I. e. p. 236. n. 72.

A glabrous shrub or tree ; branches especially of the male plants often nodose at

the inflorescence. Leaves oval or oblong, alternate, more or less rounded at both ends

or occasionally cuneate at base, coriaceou.s, 1|—6 in. long by 1—3 in. wide; petioles \—|in.

long.

<J. Flowers axillary, sub.sessile, about 1—3 together; calyx glabrous or glabrescent,

subtruncate or shortly 4—6- usually .5-lobed at apex, cup-shaped, about \ in. long ; corolla

about A in. long, sericeous outside, glabrous inside, deeply 4—6- usually .5-lobed ; lobes oval,

spreading; stamens 20—32, glabrous, hypogynous or inserted at the base of the corolla,

somewhat combined at base; filaments short; ovary rudimentary, hairy.

9 . Flowers solitary, axillary, sub.sessile ; bracts imbricated, caducous ; calyx shortly

5-lobed, nearly glabrous, cup-shaped; corolla short; stamiuodcs 12, separate, inserted at base
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of corolla; ovary haiiy ; stj-le 5-lobed. Fruit globular or ovoid, glabrate, 1\—2 in. high,

resting at base on cup-shaped nearly glabrous calyx which in some cases reaches half-way

up the fruit and has erect lobes.

Mauritius, Boivin !, Gardner!, Duport!, Commerson!, 299, 301. Madagascar, Boivin!

D. cajjetisis, Alph. DC. is reported from the Cape of Good Hope, probably by mistake.

Perhaps ought to be united to B. melanida, Poir.

32. DioSPYROS ANON^FOLiA, Al2:ih. DC. Prodr. viii. p. 227. n. 21 (1844).

D. foliis elliptico-ohlongis, alternis, obtusis, hasi suhacutis, glahris, submembranaceis, petio-

latis ; fionbus niascidis aggre<jatis, suhsessilihus, calyce elonr/ato-cyathiformi, basi acuto, glabi'o,

obscure o-lobo ; corolla j^rofunde 5-Jidd, extus sericed ; staminibus 20—24, geminatis, glabris,

corolla basi insertis.

Branches and buds glabrous. Leaves alternate, elliptic-oblong, obtuse, glabrous, submem-

branous, subacute at the base, 5—Tin. long by 2—3 in. wide, paler beneath; petioles ^in.

long.

(J. Flowers fascicled, 5— 1.5 together, subsessile ; bracts ovate, glabrous, caducous; calyx

elongate, cup-shaped, acute at the base, smooth, glabrous, obscurely 5-lobed at the apex,

\m. long; corolla deeply o-lobed, silky outside, rather longer than the calyx. Stamens

20—2-t, united in pairs at base, glabrous, inserted at base of corolla.

Mauritius (or Bourbon ?) ex Alph. DC. I. c.

Perhaps ought to be united to B. nodosa or to B. melanida or to both.

33. DiosPTEOS LEUCOMELAS, Poir. Encvcl. Me'th. v. p. 432. n. 8 (1804).

B. foliis alternis, ovalibus vel orbicularibus, apice rotundis, basi cordatis, subamplexi-

caulibiis, coriaceis, glalris, nitidis, subsessilihus ; Jioribus dixecis, 1—3-)izs, axillaribus, sessi-

libus, 6

—

o-meris; calyce tubuloso-campanulato, apice lobato, extus sericeo; corolla profunde

lobatd; staminibus 30—40, glabris, receptaculo insertis; fructibus solitariis, glabris, calyce

cyathiformi duplo et ultra longioribus, 8

—

12-locularihus.

Alph. DC. Prodr. viii. p. 23G. n. 70 (1844).

Ebenus leucomelas, Commers. MSS. n. 149 Ic. ex Poir. I. c.

Biospyros reticulata, Sieb. ! PI. Maurit. n. 114. non Willd. nee Decaisne.

Biospyros amplexicaulis, Lindl. et Paxt. ! Flower Garden, II. p. 11. n. 271. fig. 139 (ISol).

Biospyros Commersoni, Gaertn. fil. Caip. in. p. 136. t. 208 (1805).

B. melanida, Neraud ex Alph. DC. Prodr. viii. p. 236. u. 70 (1844), non Poir.

Cfr. B. Hebenaster, Gaertn. Fruct. et Sem. Plant, ii. p. 478. t. 179. f. 9 (1791), non

B. Ebenaster, Retz.

A lofty tree with white wood but with black lines iu the heait ; trunk with a dark

bark, much branched ; branches glabrous, pale-ciaereous, spreading at about 40". Leaves

oval or orbicular, alternate, subsessile, cordate at base, rounded at apex, subamplexicaul,

coriaceous, quite glabrous and shining; often marked by coloured net-veins and occasionally

23—2
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by black blotches; 2—ojin. long by li—of in, vnde; petioles -^—^in. long. Bracts im-

bricated, subtomentose -with grey hair, rounded, Y^in. high by ^in. wide, surrounding the

base of the calyx.

3. Flowers 1 or few together, axillary on young shoots or clustered on the shoots

of previous season, sessile; calyx tubular, somewhat campanulate, with usually 6 short teeth

at apex, covered outside -with short brown or cinereous tomentum, ^—|-in. high; corolla

campanulate, 6—5-lobed, shortly ferruginous-sericeous outside, glabrous inside ; tube \—^ in.

long; lobes Jin. long, spreading and recurved at extremities. Stamens 30—40, glabrous,

inserted on the receptacle, nearly equal ; anthers Unear A in. long ; filaments about ^^ in.

long, often somewhat combined at base; ovary only represented by a trace of hair.

$. Flowers arranged as in <5. Fruit sessile, solitary, on branches deprived of their

leaves (in the dry state), very glutinous, ex Poiret, glabrous ex Alph. DC, depresso-globose,

umbilicate at the apex, about 1 in. high by 1^ in. thick, 8—12-celled; fruit-calyx cup-

.shaped, about J the height of the fniit which it receives, 6-lobed at apex, coriaceous; seeds

cinereous, | in. long ; albumen not ruminated, white.

Mauritius, Commerson ! ; Sieber ! 114; on the crest of the mountain to the left of

the second Fenetre, above the French fort, Sept. ^ fl., Ayres ! ; in forests on mountains

at Savane and at Trois Hots, Fl. May, Dec. Ayres MSS. ; a specimen from Eound Island

near Mauritius without flower or fruit by Sir H. Barkiy / probably belongs to this species';

Madagascar, Gaertner, Chapelier/

34. DiOSPTEOS CHRYSOPHYLLOS, Poir. Encycl. Meth. V. p. 433, n. 12 (1804).

I), ramulis jlexuosis, foliis lanceolato-oblcmgis, apice utrinque obtme angustatis, glabris^

coriaceis, petiolatis ; Jlonbiis dioecis, 1

—

S-nis, subsessilibus, 5

—

i-meris, axillaribus ; calyce

cyatJiiformi, extus pubescente, apice lobato, corolla pi-ofunde lobatd, staminibus 11—15, c/labi-is •

ovario in flonbics femineis glabro, 104oculari, stylis 5
; fructibus solitariis, globosis, nitidis,

7

—

lO-locularibiis, calyce fructifero s^ibtnincato, pateriformi.

AlpL DC. Prodr. viii. p. 22.5. n. 13 (1844).

A shrub or tree with glabrous flexuous branches, subscandent (?). Leaves lanceolate-oblong,

somewhat narrowed at base, usually more or less narrowed towards apex, obtuse, 2^—5i in.

long by I—li in. wide, besides petiole ^—j^ in. long ; somewhat paler and brilliant beneath

(golden-coloured) ; coriaceous, margins reflexed. Flowers sabsessile, axillary, peutamerous or

tetramerous. Calyx ferruginous-pubescent outside, cup-shaped, dentate at apex. Corolla

ferruginous-sericeous outside, deeply lobed.

<J . Flowers 1—3 together. Stamens 11—15.

9 . Flowers solitary, more than g in. long. Calyx f^—| in. long ; lobes -^ in. deep, widely

ovate, wavy at margins, obtuse ; tube very crass especially at base, felted outside, glabrous

and shining inside. Corolla with 5 short imbricated rounded lobes, constricted at top of

calyx, hairy outside in upper part, often remaining at top of young fruit. Staminodes 9,

glabrous. Ovary glabrous but surrounded at base with a ring of hairs, 10-celled ; styles 5,

sericeous at base ; stigmas lobed at apex. Fruit glabrous, globose about 1 in. in diameter,

shining, green, 7—10-cellcd. Fruiting calyx subtruncate, J in. across at top, glabrescent.

Mauritius, Bojer !, Gardner/, Bouton!, Commerson I
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So. DiosPYROS SEKENSis, Klotzsch in Peters Mossamb. i. p. 183 (1862).

D. foliis alternis, ohovato-oblongis, apice hrcviter acuminatis vel rotundatis, basi cuneatis

vel suhrotundatis, submembranaceis, subtus fiavido-pubescentibus, breviter petiolatis; fioribus

-1

—

h-nis, breviter cymosis, axillaribus, tetrameris, pedicellis brevissimis ; cabjce angwste tiihu-

loso, apice lobato, corolla i-Jidd, staminibus 16, r/eminatis, glabris; in jlore femineo staviino-

diis 0, ovario glabra {T), 8-loculari ; fructibus solitariis, glabris, 2

—

8-locularibus.

A shrub from 10 feet high to a tree 30 feet; occasionally subhermaphrodite or polygamous;

branches terete, pale-cinereous or smooth and reddish; young shoots softly flavido-pubescent.

Leaves membranous, alternate, obovate-oblong, suddenly narrowed or acuminate or occasionally

rounded at apex, cuneate or nearly rounded at base, subglabrescent and deep green above

with dejjressed midrib, somewhat flavido-pubescent or subglabrescent beneath, 2

—

7^ in.

long X 1—3J in. wide, besides hairy petiole J^

—

h ^^- lo'^g- Inflorescence axillary, in short

1—o-flowered cymes, flavido-pubescent, with small caducous bracts at base of very short

pedicels; flowers greenish-yellow, fragrant; <? j^eduncles not exceeding J in. long.

,5. Calyx \—I in. long by -^ in. thick, tubular, subtruncate or with 4 short rounded

.lobes at apex, flavido-pubescent outside and hairy inside. Flowers greenish-yellow, fragrant.

Corolla tubular, about twice the length of the calyx, 4-fid, glabrous, except 4 hairy lines

down the middle of the lobes; lobes oblong, obtuse; stamens 16, glabrous, in pairs, partly

inserted at base of corolla and partly hypogynous; ovary usually rudimentary or wanting,

occasionally o-celled in subhermaphrodite flowers.

9. Flowers shorter than in 6; staminodes 0; ovary glabrous (?), 8-celled ; calyx hairy

on both sides. Fmit solitary, glabrous, but hairy aroimd base of style, acorn-shaped, 1 in.

long by I in. thick; half inclosed in subtruncate calyx, 2—4—8-celled, not eaten [Dr.

Kirk); style making a short conical projection; fruiting calyx shortly pubescent especially

inside ; albumen homy ; seeds with green vittffi on surface (Kirk) ; cotyledons cordate,

acute, foliaceous.

Tropical Africa, Mozambique, Rios de Sena, Dr. Peters!; Lower Shire Valley, Dr.

Kirk.' 6 fl. January; Lupata, Br. Kirk!, young fruit, January; Forest below Strigogo,

left bank of Zambezi, Dr. Kirlc ! , fruit, April ; North of Shire, Banks of Zambezi, Dr.

Meller! i, fl. January; Abbeokuta, Dr. Irving! 141; Abbeokuta &c., Niger expedition,

Barter! 290, 3251, 3390; Eppah, Barter! 3250 (peduncles 1-flowered, J^^—^ in. long, in bud).

36. DiOSPYROS ROTUNDIFOLIA, Sp. nov.

D. foliis altei-nis, ohovato-rotundis, utrinque rotundatis, glabris, coriaceis, breviter petiolatis,

margine revolutis, nervis subtus incoiispicuis ; fioribus solitariis, aocillaribus, glabris, dioscis,

breviter pedunculatis ; calyce apice 5-lobo ; corolla b-fidd ; staminibus 30, glabris, receptaculo

insertis ; fructibus globosis, ap)ice umbilicatis, nitidis, uncialibus, 8-locularibus (?); calyce

fructifero aucto, apice b-lobo, p)licato, pateriformi.

Young parts pubenilous; branches pale-cinereous. Leaves obovate-rotund, alternate,

coriaceous, with recurved margins in the dry state, rounded at both ends, |—1| in. long

by -j^g—14 in. wide, besides petioles J^

—

Jin. long, glabrous; veins inconspicuous beneath.
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Peduncles axillary, solitary, crowded in upper axils, puberulous, recuiTed, Jg—J in. long,

l-flowered ; bracts caducous.

<J. Flowers glabrous, about | in. long; calyx ^ in. long, hemispherical-campanulate,

with 5 shallow apiculate lobes ; corolla 5-fid, with oval spreading lobes ; stamens in one

case 30 1, glabrous, nearly equal, inserted on the glabrous receptacle ; filaments short, straight

;

anthers about ^ in. long, 2-celled, dehiscing laterally from apex; ovary 0.

9 . Fruiting calyx accrescent, exceeding the young fruit, h in. high and broad, really

5-lobed at apex but apparently 5-fid by calyx being plicate and reflexed downwards and out-

wards into 5 sides; quasi-lobes broadly ovate dilated at base and plicate so as to make the

calyx 5-winged; styles 5, connate at base, ^ in. long, glabrous; stigmas bifid; young fruit

depresso-globose, ^ in. high, glabrous, 8 ?-celled ; ripe fruit globose, umbilicate at apex,

shining, |—1 in. in diameter ; fr-uiting calyx pateriform, |—1 in. across, Jj in. high, with

raised border above, plicate ; seeds compressed, ^ in. long by J^ in. wide.

S. Africa, Delagoa Bay, Forbes/ 3-1.

37. DiosPTEOS ATTEXUATA, Thw. Eaum. Ceyl. PI. p. 182. n. 18 (I860).

D. foliis alternis, anguste ovatis vel ohlongis, apice acuminatis, hasi cuneatis, tenuiter

coriaceis, glahratis, breviter petiolatis, crehevrime venulosis ; Jioribiis masculis 3

—

lO-nis,

subsessilibus, oblongis, 4

—

S-metn^, staminibiis 4—5 ; fioribus femineis solitariis, ovario 4-Zo-

culari, fructibus ovoideo-conicis, acuminatis, suhglabrescentibu-s, 2

—

3-spermis, albumine non

ruminato.

Bedd. Ic. PI. Ind. Or. (Part vii.) p. 28. t. 139 (1871).

A moderate-sized tree; young shoots appressedly puberulous, quickly glabresceiit; leaves

alternate, narrowly ovate or oblong, acuminate at apex, more or less narrowed at base,

quickly glabrescent, thinly subcoriaceous, 2—4 in. long by |—IJ in. wide; petioles j\—J in.

long; midrib depressed above; net-veins very close together, in reUef on both sides, delicate.

(5 . Flowers clustered, 3—10 together, sessile or subsessile on I in. long axillary

nodules, stiigose with black and subferruginous mixed hairs, 4—5-merous ; calyx Jj in. long,

4—.5-fid, hairy on both sides, lobes narrowly deltoid. Corolla slender in bud, much ex-

ceeding the calyx, 4—.5-lobed, IJ in. long, lobes rather shorter than the tube; stamens

4

—

o, in one row, anthers glabrous, connective, prolonged at apex, filaments short, without

or with light brown hairs ; ovary or rudimentary, conical, with light ferniginous hairs.

5 . Flowers solitary, sessile ; calyx \—J in. long, lobes more or less retlcxcd at the

margin; corolla but little exceeding the calyx; staminodes 4—5; stigmas 2, short; ovary

hairy, 4-celled, ovoid; cells 1-ovuled. Fruit conical, with an ovoid base and acuminate

apex, pale, softly hairy or nearly glabrescent, 2—3-seeded; fruiting calyx loose, deeply

4—.5-lobcd, not accrescent; seeds oblong, shining, acuminate; albumen not ruminated.

Ceylon, Pasdoon Corle, Thwaites! C. P. 3478.

38. DioSPYROS ACUTA, Thw. Enum. Ccyl. PL p. 182. n. 17 (ISGO).

D. foliis alternis, lanceulato-oblongis, apice acuminatis, basi suWotundatis, coriaceis,

glahris, robuste petiolatis, nervis inconspicuis ; floribus masculis aggregatis, sessilibus, 4—5-
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mens, calycis lohis lanceolatis, staminibus 4—5; jioribas femineis l—4r-nis; fructihus ovoideis

acuminatis, 2

—

3-spennis, seminibus acumiiiatis, albumine non rutnhmto.

A moderate-sized tree, glabrous except the buds and inflorescence; branches terete.

Leaves alternate, lanceolate-oblong, acuminate at apex, more or less rounded towards base,

coriaceous, 5—12 in. long by 1|—4 in. wide, turning reddish beneath (when dry)
;

petioles

i—1 in. long, stout, channelled above ; midrib depressed above; lateral veins inconspicuous.

Inflorescence appressedly fulvous-hairy, dicEcious or sometimes monojcious, in which case the

female capitula are towards the top of the branches, and the male ones beneath.

(J. Inflorescence dense, mam^-flowered, axillary, sessile; calyx ^ in. long, 4—.5-lobed

beyond the middle, lobes lanceolate, acute, hairy on both sides ; corolla \ in. long, 4—5-fid;

stamens 4—.5, short, glabrous; ovary rudimentary, very small.

2 . Flowers 1—4 together ; calyx \—^ in. long, lobes more or less reflexed at the

margin; corolla about as long as the calyx; stigmas 2— 3, ^ in. long, spathulate;

ovary 4- or 6-celled; fruit acuminate, li in. long, resting on a scarcely increased calyx, usually

2—3-seeded; seeds shining, oblong, acuminate, 1 in. long; albumen not ruminated.

Ceylon, Pasdoon Corle, Thwaites! C. P. 3476.

39. DiOSPTEOS TRICOLOR.

D. fruticosa, foliis alternis, ellipticis, vtriiique obticsis, supra suhglahris viridibus, suhtus

cdbido-sericeis, costd ferrugined ; Jlonbus axillaribus, sessilihus, 1—4-)iw, tetrameris, pubes-

cemtibus, calyce quadrijido, corolla tuhulosd, staviinibus 6—8 vel plunbus, incequalibus ; floribus

femineis solitariis, staminodiis 7—8, ovario ovoideo, sericeo, in stylnm subulatum attenuate;

fructibus suhpyramidatis, glabris, junioribus Ai-Iocularibus ; seminibus 2— 4.

Kohia tricolor, Schum. et Thonn. Plant. Guin. p. 189 (1827), in Kong. Danske Vidensb.

Sel. Phys. og Mathem. Skr. III. p. 209 (1828).

A much-branched shrub, 2—4 feet high ; branches terete, ferniginous-tomentose, diverg-

ing, sometimes flexuous, procumbent. Leaves alternate, distichous, elliptical, obtuse, nearly

rounded at base, with few lateral veins, green and glabrescent above, white-silky mth the

midrib and margin often ferruginous beneath, 1—3 in. long by |—2 in. wide, the young

ones silvery-silkj' on both sides
;

petioles -^—I in. long, tomentose. Flowers solitary or 3—

4

together, axillary, sessile.

(J . Calyx 4-fid, lobes acute, silky-tomentose, ferruginous ; corolla tubular, 3 times the

length of the calyx, scarcely dilated below, sub-4-lobed, subcoriaceous, "red," silky outside,

i in. long ; lobes acute, erect, inflexed at the margin ; filaments 6—" 8 or more, unequal,

4 often double the length of the rest, half the length of the corolla, pubescent below,

inserted on the receptacle, either distinct or 2—3 together at the base," anthers subulate,

erect; ovary rudimentary.

5 . Flowers solitary ; corolla rather inflated at the base ; staminodes 7—8, distinct

;

ovary ovoid, silky, attenuated into a subulate style ; stigma acute ; fruit conical-oblong and

ferruginous-silky when young, afterwards conical, obsoletely tetragonal, yellow, quite glabrous,

1 in. long by J in. wide, 1-celled, 4-seeded ; seeds oblong
;
pulp sweetish ; calyx of young
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fruit 4- in. hifh, 4-fid with acutely deltoid lobes, erect; young fruit 4-celled, 2 cells of which

are each 1 -seeded.

Local name, A U7nbce. "West tropical Africa, Guinea, Thonning ! , common in the \-icinity

of the shore ; Cape Coast, Brass !

I have without doubt refen-ed this plant to Diospyros, thus following the suggestions

of Messrs Bentham and Planchon. See Niger Flora p. 442 (1849) and Annal. Sc. Nat. ser.

IV. vol. 3. p. 293 (18.55).

Plate v. ficf. 1. A fruiting branch, from Brass' specimen in Hb. Mus. Brit, natural size.

40. DrosPTROS fuliginea, sp. nov.

D. foliis ovali-ohlongis, apice angmte et valde acuminatis,. basi scepius rotundatis, glahris vel

sithtus suhqJabris, conaceis, costci superne depressd, venis inconspicuis, margine tenuiter remluto,

petiolo tereti, rohusto, fusco; fructihus ternis, 8-loeularibus, 8-spermis, in cymis distinctis

axillaribus fuUgineo-hispidis dispositis ; calyce fructifero aperte campanidato, 4tfido, fuligineo-

hispido, labis deltoideis, erecta-patentibus, non plicatis.

Branches cinereous, scattered more or less with small fuliginous spots, glabrescent
;
young

shoots fuliginous-hispidulous ; leaves alternate, oval-oblong, narrowly and usually suddenly

acuminate at apex, usually rounded at base, glabrous or scattered with short appressed

inconspicuous hairs beneath, coriaceous, 4-1—7 in. long by IJ—2-^ in. wide, midrib depressed

above, veins inconspicuous, margin finely revolute
;

petioles stout, terete, fuscous, with short

dark hairs, | in. long.

? . Cymes many-flowered (?), ftiliginous-hispid, | in. long exclusive of the flowers, bearing

in one case 3 fuliginous-hispid fruits with firm pedicels \—| in. long; young fruit globose

with conical apex, exceeding the calyx, 8-celled, 8-seeded ; fruiting calyx widely campanulate,

about i in. in diameter, 4-tid, thickly coriaceous, not plicate ; lobes deltoid, spreading.

Borneo, 0. Beccari! n. 2486.

41. Diospyros Brandisiana, Kurz in Journ. Asiat. Soc. Beng. vol. XL. Ft. ii. p. 72.

n. 93 (1871).

D. foliis ovalibus, altemis, apice acuminatis, basi rotundatis vel acutis, chartaeeis, adidtis

glabris vel secus castas sparse appresse hirsutis, breviter petiolatis ; jlorihus cymosis e ramis

ortis vel axillaribus, a—4-??i.em, calyce o-fdo, lohis lineari-lanceolatis, acutis, corolla 5-fidd,

lobis obtusis, staminibus circiter 16, filamentis brevissiviis, pubescentibus, antJieris gluh-is

;

in floi-ibus femineis staminodiis 5, ovario dense fulvo-pubescente, lO-locidari, fructu imnuiiuro

ovoideo, acuminato.

Flora, 1871, p. 342.

A tree with young parts shortly pubescent. Leaves alternate, oblong to elliptic-oblong

and oblong-lanceolate, acuminate, rounded or acute at base, entire, chartaceous, 4—6^-8 in.

long, the adult ones glabrous or usually sparsely and appressedly hhsute on the midrib
;
petioles

^—Jin. long, puberulous, somewhat depressed above. Flowers I
—{'„m. long in the bud,

pcntamcrous or tetramerous, in rather dense nuich-bninched minutcly-bracteated blaok-browu

cymes springing from the brai^ches or axillary
;
pedicels j'j— J in. long, afterwards elongated'
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tomentose; bracts minute, oblong-lauceolate, tomentose; calyx covered with slight black or

dark brown tomentum, J,—
-| in. long, deeply lobed, lobes linear-lanceolate, acute ; corolla-

tube appressedly pubescent, 5^ in. long, rather s\'idened towards the base and commonly
5-sided, lobes equalling the tube, oblong, obtuse.

cJ. Stamens 1-i—16 ; filaments very short, pubescent; anthers linear, mucronulate, glabrous.

Receptacle hairy.

2 . Staminodes 5 ; ovary densely fulvo-pubescent, 10-celled, terminated bv the rather

long simple crass style. Very young fruit, ovoid-conical, acuminate, shortly pubescent.

Burma, Martaban, Dombamee forests, Dr Brandis !

42. DiOSPYROS SUBACUTA, sp. nov.

D. fruticosa, foliis ovato-ohlongis, distichis, apice acuminatis, had rotundatis vel subcor-

datis, suh-glahris, margine subciliatis, nitidis, subsessilibus, nei'vis inconspicuis ; fructibus soli-

tariis, axillarihus, ohlongis, apice conicis, appresse pubescentibus, peduncidatis ; calyce friictifero

^-fdo, paterifvrini, pubescente.

Shrub
;

young parts rufous-pilose-hispid with scattered hairs ; branches dark, terete,

glabrescent. Leaves ovate-oblong, distichous, subcoriaceous, glabrous or nearly so and shining,

acuminate at apes, rounded or subcordate at base, subsessile, rich brown beneath in the

dry state, darker above with elevated midrib; veins inconspicuous; IJ—3 in. long by |—1 in.

wide, spreading
;

petioles -j^;

—

^ in. long, thick, dark, subpilose ; margins of leaves subciliate

with pilose long hairs.

9 . Fruit solitary, axillary, | in. long by \ in. thick, oblong, conical at apes, covered

with short appressed brown pubescence, with several (?) cells ; flowering peduncles i in. (or

more ?) erect-patent, rough ; bracts caducous ; fruiting calyx 4-fid, pubescent, ^ in. across by

^in. high, shallowly cup-shaped.

Madagascar, S'! Marie, Boivinf

43. DiOSPYROS PRUKIEXS, Dalz. in Kew Journ. Bot. vol. iv. p. 110. n. 2 (1852).

D. foliis alternis, ovali-oblongis, apice breviter acuminatis, basi rotundatis vel suhcordatis,

tenuiter coriaceis, siijyra nervo excepto suhglabrescentihus, subtits prcesertim secus nervos

piloso-hirsutis, breviter petiolatis; foribus masculis aicillaribus, pedunculis confertis, 1—2-

Jloris, calyce ^-partito, utrinque piloso, corolla profunde ifidd, extus sericed, hbis obtusis,

staminibus 13—14, glabris, hypogynis; foribus femineis 4

—

o-meris, staminodiis 4—5,

gldhris, ovario ferrugineo-hispido, 4:-loculari, hcidis 1-ovalatis; fructibus piloso-prurientibus,

ovoideo-conicis, ^-locularihus, loculis 1-spermis.

Bedd. Ic. PL lud. Or. (Pt. vii.) p. 2G. t. 129 (1871) ; (?) Thw. Enum. Ceyl. PI. p. 423,

(1864).

Young shoots, peduncles, petioles and underside of leaves, especially on the veins, softly

pilose-liirsute, fulvous; branches terete, dark, glabrescent. Leaves oval-oblong; shortly and

usually obtusely acuminate at apex, rounded or subcordate at base, thinly subcoriaceous,

alternate, 2—4 in. long by |—If in. wide, with petiole -^—I in. long, subglabrescent above,

except the depressed midrib; lateral veins not strong.

Vol. XIL Part I. 24
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,5. Peduncles near together in the upper axils, 4

—

^ in. long, 1- or 2-flowered

;

flowers i in. long or more; bracts rounded, caducous, glabrous inside; calyx I in. long,

4-partite, fulvo-pilose on both sides, lobes linear-oblong, lax; corolla appressedly sericeous

outside, glabrous inside, J—| in. long, deeply 4-fid, constricted at top of tube, lobes ovate-

oblong, obtuse, imbricated sinistrorsely. Stamens 13—14, glabrous, unequal, hypogynous,

connate at base, shorter tlian the corolla-tube, surrounding the hairy rudiment of the

ovary; filaments about as long as the anthers.

9 . Flowers solitary, crowded in the upper axils on peduncles -^—i in. long ; calyx

\ in. long with oblong spreading lobes, hairy on both sides, 4—5-partite; corolla | in. long,

4-fid, constricted about middle ; staminodes 5 (in one case), inserted at base of corolla,

glabrous, hnear; ovaiy fen-uginous-hispid, 4-celled, cells 1-ovuled; styles 2, short, almost

concealed by the long hairs on the ovary, glabrous, bifid at apex. Fruit ovoid-conical,

I—1 in. long, 4-celIed, 4-seeded, densely clothed with fulvous stinging hairs. Fruiting

calyx spreading or reflexed, not accrescent.

Bombay, Chorla Ghaut, Dr Bitchiet 1833 ; DalzelU; Bababoodun hills, Mysore, Mr
Law!; (?) Ceylon, Safiragam district, 2000 ft. alt., Dr Thwaites, C.P. 2836.

44. DiOSPYROS APICULATA, Sp. nov.

D. foliis alternis, ohlongis, apice acute acuminatis, hasi cordatis, teauiter coriaceis, siq)ra

glabi-escentibus, suhtus j^ri^^ertim secus nervos hispidis, hreviter petiolatis; foi-ibus viasculis

subS-nis, subsesmlibus, axillaribus; calyce 4

—

o-partito, piloso-pubescente, corolla tubulosd, glabrd,

4-fo6«, staminibiis 6—7 vel 12, incequalihts, glabris, ovarii rudimento hirsuto ; Jloribus femineis

1—3-nis, bremssime cymosis ; frudibus solitariis, subsessilibus, feiTugineo-setosis, ovoideo-

conicis, apice apicidatis, 4-locularibus ; albumine semimim non ruminato.

A tree with slender stem, about 4 feet high in the specimen seen; young parts

ferruginous-hispid. Leaves oblong, alternate, thinly subcoriaceous, much acuminate at apex,

cordate at base, hispid beneath, especially on the clearly marked veins, glabrcscent above,

with depressed midrib, of the same colour on both sides except the hairs, 4—71 in. long

by IJ—2} in. wide, margins just reflexed; petioles -^—jij in. long, hispid. Bracts finely hispid.

<J. Flowers about 3 together, subsessile, axillary, -^ in. long; calyx 4—-S-partite,

about \ in. long, pilose-pubescent on both sides except near the base inside, lobes lanceolate-

linear; corolla glabrous, § in. long, tubular, 4-lobod, lobes spreading, oval, obtusely pointed

at apex, contorted sinistrorsely in bud, -j^^ in. long; stamens glabrous, G—7 or 12, unequal,

anthers linear-oblong, pointed at apex; filaments often geniculate, dilated and connate at

base, inserted in a very short tube at the very base of the corolla; ovary rudimentary,

gmall, hairy.

2 . Flowers 1—3 together, on very short axillar}- finely hispid cymes. Fruit solitary,

subsessile, finely ferruginous-scto.se especially upwards but not densely so and subglabrescent

in lower part, ovoid-conical, about 1 in. long by \—5 in. wide, apiculate at apex, ovoid at

base, with indications inside of 4 cells, terminated by 2 (?) adjacent styles; seeds 4 (?),

§ in. long; albumem somewhat farinaceous (in dry state), not ruminated.

Penang, Goot hill, Dr Maingaij! no. 1514.
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45. DiosPTROS Barteei, sp. nov.

D. fruticosa, foliis alternis, ovali-ovatis, upice apiculatis acuminatis, basi cordatis, firmiter

membranaceis, supra nervo excepto glabris, siibtus ptollidis hisjndo-sericeis prasertim secus.

nervos, breniter petiolatis; floribus femineis solitariis, subsessilibus, hispidis, calyce 4—5-

partito, lobis Uneari-lanceolatis, corolld extiis hispidd, o-fidd, lobis acutis, staniinodiis 11, brevibus,

unisenalibus, pilosis, ovario glahro {ajnce excepto), i-locidari, loculis 1-omdatis; fructibus

conicis, acuminatis, glabris sed apice hirsutis, seminibus oblongis, albumine non ruminato.

A shrub with young shoots rufous-hispid or afterwards fuscous-hispid; older branches

dark, terete, glabrate, spreading at about 50°. Leaves alternate, oval-ovate, acuminate, apiculate,

at base cordate, firmly membranous, dark green and glabrous excejjt the depressed midrib

and with depressed veins above; paler with hispid-pilose ferruginous hairs, especially on

the veins beneath, 2—3 in. long by 1—li in. wide; petioles hispid, j\
—I in. long.

9 . Flowers solitary, subsessile, axillary, with narrow rufous-hispid-pilose caducous

bracts. Calyx \ in. long, rufous-hispid-pilose, 4—5-partite with linear-lanceolate lobes

somewhat spreading in flower and sub-horizontal not accrescent in fruit; hispid inside.

Corolla conical in bud, as long as the calyx, ferruginous-hispid outside, glabrous inside, 5-fid,

lobes acute, imbricated. Staminodes 11, short, in one row, distinct (except 1 pair),

pilose. Pistil conical; ovary glabrous except apex, 4-ceUed, cells 1-ovuled ; styles 2, bilobed

at apex, pilose below, as long as the young ovary. Fruit oblong-conical, 1| in. long,

glabrous (except apex), shining, with shortly ferruginous-pubescent remains of styles, 2-celled;

cells 1-seeded; seeds | in. long; albumen not ruminated.

W. Africa, Guinea, Lagos. Niger Expedition. Barter/ 20194.

4G. DlOSPYROS MICliORHOilBUS, sp. nov.

D. fuliis distichis, rkomboideo-ovalibiis, ad apiceni emarginatum angustatis, basi cuneatis,

interdum sub-obliquis, subglabris, coriaceis, subsessilibus ; jloribus femineis solitariis, graciliter

pedunculatis, glabris, calgce 2)rofunde i-lobo, lobis rotundatis, erecto-patentibus, corolld breviter

4!-Jidd, staminodiis 4, glabris, corolhe basi insertis, ovario glabra, ovoideo-conico, 8-loculari.

Of a dark colour when dry; branches covered with short patent pale pubescence, terete;

wood very good. Leaves subsessile, distichous, rhomboid-oval, nan-owed to an emarginate apex,

cuneate at base and sometimes slightly oblique, glabrous or very nearly so, coriaceous, i in.

long by I in. wide, dark slatish green above, browniish beneath; veins indistinct.

$. Flowers solitary, on long slender glabrous peduncles -which measure J—| in. long

and bear appressed oblong glabrous bracts about middle and near base; flowers | in. long,

glabrous; calyx | in. long, deeply 4-lobed; lobe ^-oval, | in. wide, rounded, erect-patent;

corolla erect, ^ in. high, glabrous, 4-sided and shortly 4-fid; staminodes 4, glabrous, alternate

-ivith the lobes of the corolla and inserted at its base; ovary glabrous, 8-celled, ovoid-conical,

terminated at apex by a 4-lobed conical style; divisions of the style emarginate at apex.

"Ebenier de Madagascar, son bois est superbe; lies de France et Bourbon," Hb. Mus.

Paris.

!

24—2
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47. DiosPTROS FOLIOLOSA, Wall. List n. 41-t3 (1828—32).

D. glahra, foliis alternis, ohlongo-lanceolatis, apice attemtato-acuviinatis, hasi ohtusis,

nitidis, temtiter coriaceis, reticulatis, petiolatis ; Jloribus masculis laxe cyniosis, ovoideis, tetra-

meris, calyce parvo, corolla ovoideo-urceolatd, hremter lobatd, staminihus 12—16, geniinatis,

connectivo et filamentis leviter pubescentibus, ovarii rudimento acuminato ; Jloribus femineis

solitariis, axillaribus, pedunculatis, 4- rarius S-mei-is, stami)iodiis nullis, stigmatibus 4—3,

sessilibus, ovario i-locuiari, locidis 1-ovulatis ; fructibxis globosis, junioribiis puhescenti-squa-

mosis, senioribus glabratis ; calyce fructifero fructum cequantilnts vel excedentibus, lobis cordato-

ovatis, foliaceis, nervosis.

Alph. DC. Prodr. viil. p. 234. n. .58 (1844).

Liospyros calycina, Bedd., Ann. Rep. Forests, Madras Pres. for 1867—68, p. 26 (1868),

Flora Sylvatica, Madras, t. 68 (1870), Ic. PI. lud. Or. (Part \ii.) p. 2.5. t. 123 (1871), non

Audib.

D. auriculata, Wight] (MS. in Hb. Kew), Hb. Wight!, Kew List n. 1716, non Stiehler.

A good sized tree, glabrous in all parts except the stamens ovary and young fruit.

Leaves alternate, oblong-lanceolate, thinly coriaceous, attenuate-acuminate at apex, narrowed

or rounded at base, shining, green on both sides, 2—4i in. long by i—Ijin. wide, mid-

rib depressed on upper side ; net-veins delicate in relief on both sides
;
petioles

-J—| in. long.

i . Cymes axillary, lax, about half the length of the leaves, 8—9-flowered ; flowers J in.

long, ovoid ; calyx small, about -j^ in. high by I in. across, 4-fid, witii deltoid or ovate lobes

;

corolla urceolate, often gibbous at base, 4-fid, bright yellow in colour, much contracted at

the top of the tube, lobes short, pointed, spreading ; stamens 12—16, inserted on the recep-

tacle and united in pairs by their short compressed more or less hairy filaments; anthers

equal, lanceolate, dehiscing from the base, converging at the apex above the rudimentary

5-lobed ovary which terminates with a long acumen ; connective somewhat hairy.

5 . Flowers solitary, axillary, on peduncles |—1 in. long ; calyx with 4 or rarely 3 cordate

imbricated veined accrescent partitions ; corolla urceolate, gibbous ; tube nearly globose, lobes

4 or rarely 3, short, reflexed ; staminodes ; stigmas 4 or 3, sessile ; ovary 4-celled ; cells

1-ovuled. Fruit globose, covered when young with hairlike scales, glabrescent, 5 in. in

diameter ; fruiting calyx about as long as the fruit or longer, sometimes 1 in. long, some-

what glandular at base within around base of fruit; lobes cordate-ovate, foliaccous.

Very abundant in the ghat forests from bottom to 3000 ft. alt. in the Tinnevelly

district and southern portions of Madura; it is called Vellay Toveray, and yields a valuable

light-coloured wood, Beddome ; Courtallum, Wallich!

48. DiosPYROS PILOSULA, Wall. List. n. 4132 (1828—32),

D. foliis alternis, obovato-oblongis vel anguste ellipticis, apice acumhuitis, hasi obtiisis,

tenuiter coriaceis, sujyra gkd/ris, nitidis, subtus secus nervos pubescentibus, petiolatis; jlorihus

masculis pedunculatis, staminibiis 12, glalris, ina;qualibus ; Jlorihus J'emineis solitariis, pedun-
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culatis, cahjce i-partito, lobis lanceolatis acutis, staminodiis 0, ovano rufo-hispido, 4-loculari,

loculis 1-ovulatis.

Gunisanthiis pilosidus, Alpli. DC. Prodr. viir. p. 220 (1844.).

A tree or shrub ; branches terete, fulvo-pube.icent when young, afterwards glabrescent

and cinereous. Leaves narrowly elliptical or obovate-oblong, acuminate at apex, somewhat

narrowed at base, alternate, thinly coriaceous, glabrous and shining above with depressed

midrib, appressedly pubescent beneath and ciliate when young, glabrescent except the

veins beneath, 3—4J in. long by 1—li-in. wide; petioles about ^ in. long, pubescent when

young ; lateral veins not conspicuous.

<J . Flowers on the young shoots, tetramerous, pilose, about | in. long, on slender

peduncles about J in. long ; calyx ^ in. long, lobes deep lanceolate acute lax ; coi'olla rather

slender, tube tapering upwards ^— J in. long, lobes lanceolate acute rather longer than the

tube, at length spreading ; stamens 12, glabrous, %'ery unequal, -^^—i in. high, inserted on

the receptacle, filaments often geniculate, anthers about -^ in. long.

V . Flowers solitar}^, on the young shoots, rather slender; peduncles i

—

h in. long, pubescent,

articulated at the apex to the flower, without bracts, tapering do'rt'nwards in fruit ; calvx of

the young fruit 4-partite, pubescent outside, glabrous inside, lobes lanceolate, ^—^in. long,

spreading, acute; corolla deeply 4-fid, silky outside, tube cylindrical, narrowed upwards,

shorter than the calyx, lobes acute
;
young fruit rufous-hispid, 4-celled ; staminodes ; stvle

very short, covered by the hairs of the ovary ; stigmas 2, glabrous ; ovary 4-celled, cells

1-ovuled.

Among the mountains of Silhet, Wallich!; Pegu, Dr Brandis!, local name Gjut.

49. DiospTROS SUBERIFOLIA, Decaisne MSS. in Hb. Mus. Paris.

D. foliis altemis, ovalibus vel obovato-ohlongis, apice rotundatis emarginatis vel apiciilatis,

basi obtusis, subtus subtomentosis, margine minute repando-crenulatis, subsessilibxis ; fioribus

masculis pubescentibiis, peduncuUs axillarihus, 1

—

2,-nis, 1-floris, basi e bractearum nidulo ex-

orientibus, ccdi/ce o-partito, coroUd urceolatd, breviter 5

—

6-dentatd, staminibus circiter 20, antheris

hispididis, filamentis glabris, ovarii rudimento hirsuto.

Stems dark-cinereous, rough, glabrescent, softly subtomentose when young. Leaves oval

or obovate-oblong, alternate, coriaceous, subsessile, softly sub-tomentose at least beneath,

slightly convex from above, rounded emarginate or apiculate at apex, rounded or somewhat

narrowed at base, margins minutely repand-crenulate, 1—3 in. long by |—liin. wide, net-

veins not very conspicuous
;

petioles very short.

<J . Flowers pedunculate, axillary
;

peduncles solitary or 2 together, arising from a nest

of bracts at base, pubescent, \ in. long or more ; calyx 5-partite, pubescent outside, glabrous

inside, -^ in. long, lobes ovate ; corolla urceolate, shortly or irregularly 5—6-lobed, pubenilous

outside, glabrous inside, -^in. long; stamens 21 (one of which is very thin) in one case,

inserted on the receptacle or some at the very base of the corolla, some in pairs ; anthers

hispidulous upwards, lanceolate-linear, apiculate ; filaments very short, slender, glabrous ; ovary

rudimentary, hairy.

Cultivated in hort. Paris.!; supposed to have been brought from Giili.
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50. DiosPYROS SQUARROSA, Klotzsch in Peters Mossamb. i. p. 184 (1862).

D. foliis alternis, ovalihus, utrinque 7-otundafis vel ohtusis, tenuiter coriaceis, hreviter

puhescentibus prcesertim secus nervos vel suhglabresceritihus, petiolatis; Jloribus femineis axil-

lanbus, solitai-iis, pedunculatis, tetrameris ; caii/ce profunde i-Jido, corolla '^-partita, parti-

tionibus obtusis, patentibus, stdiglabris, staminodiis 0, ovario subgloboso, glabra, 8-locidari

;

stylis 4, bijidis ; fructibus subglobosis nitidis, calycis fructiferi lobis dependentibus, seviinibus

compressis.

A tree, or much branched shrub, with young shoots delicately hispid, virgate ; branches

glabrescent, terete, spreading at about cSO°. Leaves elliptical or somewhat obovate, alternate,

thinly coriaceous, rounded at both ends or sometimes narrowed; with scattered patent pubescence

or subglabrescent, subnitescent above
;

paler, with patent pubescence, rufous and denser on

midrib and lateral veins beneath; patent, deHcately reticulated, 1|—3^ in. long by g—2 in.

wide
;

petiole ^^5—^ in long, pubescent.

9 . Flowers axillary, solitary, di-ooping, tetramerous
;

peduncles recurved, ^—^ in. long,

patently pubescent; bracts caducous, at about middle of peduncle, lanceolate, ^in. long;

calyx covered with short appressed tawny hairs on both sides, loosely hemispherical, ^ in.

long, with 4 deep oval or ovate lobes ; corolla 4-partite, openly cup-shaped or rotate nearly

glabrous, but with scattered pale appressed hairs along middle of lobes ; lobes reflexed, about

Jin. long, obtuse; stamens ; ovary glabrous, somewhat 4-sided, ^ in. high, 8-celled, cells

1-ovuled; styles 4, glabrous, bifid to about middle, not persistent on fruit; fruit glabrous,

somewhat 4-sidedly globular, about | in. high ; fruiting calyx with pendent lobes, not accrescent.

Africa, R. Zambezi at Senna (left bank), and Rivoque near Tette, January, in 9 flower

and fruit, local name " Mutshenje tuna tuna," Sechuana dialect, Br Kirk !; Sena, Dr
Peters !, in hedges near water-courses.

51. DiOSPYROS PiNicuLATA, Dalz. in Kew Joum. Bot. iv. p. 109. n. 1 (1852), Bedd. Ic.

PI. Ind. Or. (Pt. VII.) p. 25. t. 125 (1871).

I), foliis oblongis, alternis, utrinque obtusis, glabris, subcoriaceis vel submembranaceis,

reticulatis, 2>etiolatis ; Jloribus mascuUs mimerosis jMnicidatis pentameris fuligineo-pubescentibus,

calycis lobis foliaceis reticulato-venosis, staminibus 20 geminatis glabris; Jloribus femineis

solitariis pedunculatis pentameris ; fructibus ovoideis glandtdoso-hirsutis, i-locidaribus, calyce

aucto plicate.

A middle-sized or large tree with glabrous somewhat angular branches. Leaves oblong,

altcniate, thinly subcoriaceous or submcmljranous, narrowed rounded or obtusely aciuninate

at apex, but little narrowed at base, highly reticulated, witli veins, except the midrib, in

relief on both sides, 4—i) in. long by 1^—:5| in. wide
;

petioles ^— i in long ; net-veins

pellucid when young.

<J. Cymes paniculate, many-flowered, in axils of fiillen leaves, pubescent with fuliginous

hairs, 1—IJ in. long; flowers |

—

\\n long. Calyx 5-partite shortly nigro-puberulous on both

sides, \ in. long, lobes foliaceous, widely oval, obtuse, net-vciued, with a callous internal keel
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and margins widely reflesed. Corolla pentagonal, fnliginous-hairy outside, glabrous inside, o-fid,

constricted in the middle ; lobes oval, spreading in flower or reflexed. Stamens 20, glabrous, in

pairs, the inner ones rather shorter, inserted on the disk or on the corolla ; filaments short

;

ovary 0.

? . Fruit solitary, axillary, on strong peduncles i—f in. long, erect-patent ; bracts

caducous, large, ovate, about middle of peduncle; calyx glabrescent ; fruit ovoid, ^—Ij^in.

long, rounded at apes, tipped with remains of style, with mixed fuliginous and fen-uginous

hairs and glands, 3—4-celled ; fruiting calyx o-lobed, accrescent, 5-partite, h—| in. high, more

or less plicate, umbilicate below, lobes much widened auricled and imbricated at base, forming

5 dependent processes.

Tallewarru, Canara Ghauts, Dr Ritchie ! 1884, a large tree in fruit. May ; Syhadree

mountains, near Chorla Ghat, Bombay, Dalzell I 2—3000 ft. alt. ; Anamallays, Major Beddome !

28.5 (young fruit 4-celled, cells 1-ovulcd or -seeded, style \ in. long, glabrous above, lobed

at apex).

52. DiOSPYROS GRACILIPES, sp. nov.

D. foliis alternis, ovalibus vel ovatis, apice scepius acuminatis, ohhtsis, basi angustatis,

glahris, conaceis, reticulutis, breviter jietiolatis ; floribus femineis lateralihus, seem ramos

vetustiores vel ramulos dispositis, tetrameris, pedunculis gracilibus, aggregatis, \-floris, calyce

4t-fido, pubescente, ovario breviter pubescente, SAoculari ; fructibus oblongis obtusis, calyce friicti-

fero aiicto patente coriaceo.

From a shrub 10 feet high to a large tree, glabrous except the extremities and inflo-

rescence ; branches at 2-5°—35°. Leaves alternate, oval ovate or nearly oblong, obtuse,

usually acuminate at the apex, more or less narrowed at base, glabrous, coriaceous, of

the same (metallic) colour on both sides, reticulated, shining, 2—5 in. long |—3 in. wide;

petioles -^—i- in. long.

5 . Peduncles slender, on young branches or clustered on the old wood, 1—1^ in. long,

puberulous or glabrescent, 1-flowered, with smaU deciduous bracts below the middle ; calyx

^ in. long, coriaceous, covered on both sides with close pale tawny pubescence, deeply

4-fid, with ovate-deltoid lobes dilated towards the base undulating at the margin and shortly

acuminate; ovary shortly hair}', ovoid-tetragonal, 8-celled, cells 1-ovuled; styles 4, short;

fruiting calyx spreading, with very short pubescence on both sides, whitened within, 1^—li in.

across, 4-fid ; fruit oblong, rounded at apex, y^ in. long, ^ in. thick, nearly glabrous, whitened

in parts, 8-celled.

Madagascar, Bojer! ; Forest Lomoume, Nossi Be, PerviU4 ! 275; East side, Chapelier ! 82;

native Dame Ozou-matana.

53. DiOSPTROS GRACILIFLORA, sp. nOV.

D. foliis ovcdibiis, alternis, apice anguste acuminatis, subcaudatis, hasi cuneatis, Jirmiter

submembranaceis, costd utrinque puberuld, ceterum glabris, breviter petiolatis ; floribus masculis

solitariis, gracillimis, gracillime pedwncidatis, tetrameris; stamimbiis 8, glabris, ovarii rudimento

glabra.
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Branches slender, terete, pubenilous, leafy; leaves oval or somewhat obovate, alternate,

narrowly acuminate or subcaudate at apex, cuneate at base, shining, firmly submembranous,

glabrous except the midrib which is puberulous on both sides and depressed above, li—4i in.

loDo- bv S—liin- wide; veins inconspicuous above, lateral veins few; petioles J—Jyin.

long, puberulous.

^ . Flowers solitary, very slender, | in. long, on very slender remotely setulose peduncles

J
9 in, long, which arise from small bracts on the young branches ; calyx ^ in. long, cam-

panulate, 4-fid, puberulous outside, glabrous inside, ciliate, lobes rounded; corolla narrowly

tubular (in bud), fin. long by J^in. thick, deeply 4-fid, glabrous, somewhat constricted below

lobes ; lobes obtuse, much contorted ; stamens 8, biseriate, glabrous, unequal, anthers oblong,

filaments more or less connate at base into hypogynous ring ; ovary rudimentary, glabrous.

Borneo, 0. Beccari! n. 15G0.

54. DiosPTKOS Pervillei, sp. nov.

D. foliis anguste ovalibus, altemis, apice acuminatis, hasi cimeatis, glahris, coriaceis,

vnicoloribus, petiolatis, nervis gracillimis ; fructibus 1

—

S-nis, rigide cpnosis, subglobosis,

subglabris, nitidis, plurilocularibus, calyce aiicto, reflexo, coriaceo, 4^paHito, nervosa.

A tree 40 feet high, very nearly glabrous in all its parts ; branches at about 50°.

Leaves alternate, narrowly elliptical, acuminate at apes, narrowed at base, glabrous, coria-

ceous, of same (metallic) colour on both sides, shining, about 6 in. by 2—2f in. wide
;
petioles

about ^ in. long, strong ; veins numerous, slender.

5 . Cymes about o-flowered, rigid in fruit, common peduncle i—| in. long, fruiting

pedicels i—iin. long; fruiting calyx 4-partite, coriaceous, veined, lobes reflexed, oblong, rounded

at apex, ^—l in. long by i—| in. wide. Fruit subglobose, 1 in. long by | in. thick, nearly

glabrate but with a few scattered short appressed weak hairs, shining, with remains of 4

styles at apex, 8-celled and -seeded (?) ; seeds fin. long, albumen not ruminated (?).

Madagascar, Nossi Be, Pei^ville ! 525.

55. DlOSPYBOS DICTTONEXniA, Sp. nOV.

D. foliis ovali-oblongis, altemis, glahris, apice, acuminatis, hasi parum angitstatis vel sub-

rotundatis, coriaceis, utrinque reticulatis, nitentibus, petiolatis; fioribus viasculis pentameris,

cymosis; c>jmis uncialibus, multijloi-is, axillarihus; calyce partito, hasi plicato ; corolla tubulosd,

carnosd ; staminibus 20, plerisqiie hinis, antheris linearibiis glahris, Jilainoitis hrevibus hispidis.

Shoots terete, softly puberulous. Leaves alteniate, oval-oblong, acuminate at apex, slightly

narrowed or slightly subrotundate at base, glabrous, coriaceous, shining, with raised well-

marked net-veins on both sides, 6—7 in. long by 2\—23 in. wide ; midrib depressed above

;

margins recurved
;
petioles stout, wrinkled, I—i in. long.

<J . Cymes axillarj', 1 in. long exclusive of the flowers, many-flowered, pubescent ; flowers

pubescent, pentamerous; calyx about §iu. broad and high, partite, plicate at base, lobes ovate-

deltoid, sides sometimes plicate towards base, subobtuse, shortly pubescent on both sides;
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corolla glabrous inside, i in. long, shortly n-fiJ, lobes rounded ; stamens 20, mostly in pairs,

subequal ; anthers linear glabrous, tilaments very short, hispid, more or less combined at base.

Ovary rudimentaiy, represented by a bunch of hairs.

Borneo, 0. Beccari! 2542, 2615.

56. DiOSPTEOS ASTEROCALYX, Sp. nOV.

D. foliis alternis, ovalibus, apice breviter acuviinatis, hasi obtusis, glabris, coriaceis, subtus

conspicue reticulatis, petiolatis ; Jioribiis femineis racemosis tetrameris, racemis 5

—

7-Jloris, basi

bracteatis ; calyce profunde i-lobo, ferrugineo-velutino, stellato, lobis margine revolutis, corolld

urceolatd i-jidd ; staminodiis 3—4 / ovario velutino, 8-loculan, loculis 1-ovulatis.

Buds aud inflorescence ferruginous-vekitinous, in other parts glabrate ; leaves alternate,

oval, shortly acuminate at apex, obtuse at base, coriaceous, conspicuously net-veined beneath,

2i—7| in. long by li—^3^ in. wide ; margins recurved
;
petioles J—| in. long.

9 . Flowers racemose ; racemes 1—2^ in. long, pedicels patent, unequal, ranging up to

^ in. long, the lower ones the longer. Calyx thickly coriaceous, deeply 4-lobed, stellate, ^—| in.

in diameter ; lobes widely ovate but much revolute. Corolla widely urceolate, under i in.

high, 4-fid, lobes hairy on both sides, obtuse ; staminodes 3 (in one case), glabrous, inserted at

base of corolla, alternate with its lobes. Ovary velutinous, ovoid, conical at apes, 8-celled,

cells 1-ovuled ; style very short, lobed at apex, velutinous ; stigmas glabrous.

Borneo, 0. Beccari/ n. 2612.

57. DiosPYROS HoRSFiELDii, sp. nov.

D. foliis altei-nis, ovalibus vel oblongis, apice acuminatis, basi siiirotundatts vel obtusis,

glabrescentibus, tenuiter coriaceis, supra nitentibus depresso-venosis, subtus reticulatis, breviter

petiolatis; ci/mis lateralibus vel axillaribus, fidigineo-hispidis, calyce plicato, 4:-loho, corolld

urceolatd i-lobd, staminibus 14—16 {in
fl. fern. 12, sterilibus), antheris glabris, Jilamentis

hispidis, ovario in floribus femineis dense hispido, 8-loculari ; fructibus globosis.

JXospyros frutescens, Hasskarl, Plant. Javan. Rar. p. 467 (1848), non Blume.

Branches numerous, terete and glabrous, spreading at about 70°, green when young,

afterwards turning black. Leaves oblong or elliptical, alternate, soon quite glabrous, acuminate

at apex, somewhat narrowed or nearly rounded at base, with veins plainly depressed on

upper surface and in conspicuous relief beneath, shining above, thinly coriaceous, 4—9^ in.

long by If—4| in. wide
;

petioles \
—\ in. long.

(J. Cymes chiefly in the upper axils, fuliginous-hispid, bearing 3—5 flowers, drooping;

peduncles ^—fin. long; pedicels -^—^ in. long; bracts oval, leaf-like; flowers I—| in.

long; calyx \—| in. long, 4-lobed, lobes ovate, pUcate-connivent, thickened and fuliginous-

hispid on both sides over a lanceolate area proceeding from base to above the middle and

with broad membranous everted glabrous and green margins ; corolla urceolate, tetragonal,

fuliginous-hispid outside, straw-coloured and glabrous inside, 4-lobed, lobes ovate, rather obtuse.

Vol. XII. Part I. 25
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reflexed; stamens 14—16, inserted at the base of the corolla or on the disk, often in pairs

united by their short hairy filaments ; anthers glabrous ; ovary rudimentary, minute.

9 . Cymes corymbose, many-flowered, 1—3 in. long, frequently on older branches,

bracteate, fuliginous; flowers |—^ in. long; calyx ^—| in. long, like g but occasionally

5-partite; corolla tetragonal, 4-partite ; starainodes 12, in one row, attached by their hairy

filaments to base of corolla, anthers glabrous; styles 4, short, spreading; ovary densely

hispid, with black and rufous mixed hairs, 8-celled ; cells 1-ovuled. Fruit globose, with

a central pit at apex around remains of styles, about i—f in. in diameter, black-hairy or

nearly glabrescent ; fruiting calyx reaching about ^ in. up fruit, lobes aurieled at base.

Malacca, Griffith/ 3620; Java, Dr Horsjield ! Eben. 1 (1182) drawings n. 128 (pt.) in

Hb. Kew. ; Leschenault .' 1669; Perrottet!

58. DiosPYROS BoiviNi, sp. nov.

D. foliis alternis, ovato-lanceolatis vel-ohlongis, apice obtuse acuminatis, hasi cordatfis, sub-

glabris, subcoriaceis, breviter petiolatis ; floribus masculis laxe ci/mosis, tomentoso-piibescentibus,

tetrameris, cali/ce campanulato, corolla ^-fidd, lobis late rotimdatis, staininibus 12—14, (jlabris,

plerisque geminatis, ovarii rudiniento pubescente.

Young branches and inflorescence ferruginous-pubescent ; shoots terete, shining, rather

dark. Leaves alternate, ovate-lanceolate or -oblong, rather obtusely acuminate at apex>

cordate at base, subcoriaceous, shining brown and nearly glabrous above with somewhat

sunken veins, rather paler and nearly glabrous beneath with somewhat ruddy raised mid-

rib and clear but not close net-veins, 2^—G j in. long by 1—2|- iu. wide
;
petiolo -^\—\ in.

long, thick, pubescent.

(J. Cymes lax, many-flowered, near ends of branches, \—2 iu. long, shortly hispid-

pubescent, ferruginous ; bracts lanceolate ; flowers campanulate, | in. long, \ in. wide, tetra-

merous, tomentose-pubescent ; calyx nearly | in. long, campanulate, shortly 4-lobed or

occasionally deeper, lobes depresso-deltoid, somewhat wavy
;
pubescent on both sides ; corolla

just exceeding the calyx, 4-fid, ferrugaious-vulutinous outside, glabrous within, lobes widely

rounded, contorted sinistrorsely ; stamens (12 ex Baillon in note) 14 1 (in 2 flowers), glabrous,

mostly in pairs, nearly equal, inner ones rather shorter, \ in. long, anthers oblong-linear,

\ in. long, dehiscing laterally ; ovary rudimentary, pubescent.

Madagascar, Voyage oi M. Boivin! 1847—1852.

5!J. DiOSl'YIlOS LOUREIRUNA, G. Dou, Gen. Syst. Card, and But. iv. p. 39. n. 22 (1837).

D. foliis alternis, oblongis vel obovato-oblongis, apice plus minus acuminatis, basi rotun-

datis vel subcordatis, glahre.sccntibus, ciliatis, submembranaceis, supra saturate- subtus flaves-

centi-viridibus, pietiolatis ; j)edunculis axillaribus sub-?>-JloriH, glanduloso-pubescentibus, pedicellis

basi brricteis foliaceis ovatis glandulosis deciduis suffultis ; cuhjce i-fido in fructu aucto, corolld

urceolatd 4:-lobd, staminibus 8 uniserialibus pilosis in Jl. fern, effwtis, ovario in Jl. fern. 8-
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loculari, tomentello, stylis 4 ;
fructihus glohosis uncialibus, seminibus ohlongis, albumine non

ruminato.

Alph. DC. Prodr. vili. p. 239. n. 95 (1844).

Diospyros Lotus, Lour. Fl. Cochin, p. 226. n. 1 (1790), noa Linn, nee Blanco.

Diospyros macrocalyx, Klotzsch in Peters Mossamb. p. 182 (^18C2), non Alpli. DC.

A shrub 2—8 ft. high or small tree with young parts and inflorescence glandular-

puberulous and with a few scattered pilose hairs. Leaves alternate, oblong or obovate-

oblong, submembrauous, weakly pubescent on the veins and ciliate on the margins when
young, glabrescent, obtuse rounded or subcordate at base, more or less acuminate at apex,

1| to 4iu. long by f—2j3jin. wide, besides petiole ^—j^jin. long; flowers subhermaphrodite

or poh'gamous, drooping; calyx foliaceous.

(? . Cymes 3- or few-flowered, glandular-hairy
;
peduncles I—^ in. long, twice the lencrth

of the pedicels, bearing ovate cordate sessile bracts at apex; flowers about ^in. long; calyx green,

about I in. long with 4 deltoid lobes about yjin. deep, glandular-pubescent (closed in sjoecimen),

valvate in ajstivation ; corolla deeply 4-lobed, somewhat pubescent outside, urceolate, white •

lobes contorted in aestivation; stamens 8, in one row, inserted at base of corolla, subsessile,

pilose, lanceolate ; ovary ovoid-conical or subglobose, puberulous, abortive or 8 ? -celled, sur-

mounted by a 4-lobed style.

9 Cymes about 3- or many-flowered, about |—1 in. long, glandular-hairy
; peduncle about

^ in. long ; flowers like the ^ ; staminodes 8, puberulous ; ovary globose, shortly tomentose,

8-celled, cells 1-ovuled ; styles 4, included in the corolla ; fruit globose, about 1 in. in dia-

meter, puberulous or glabrate, 4-celled, 4-seeded. Fruiting calyx accrescent, deeply 4-lobed,

more or less covering the fruit, about 1 in. long ; lobes ovate, subglabrate, dilated and widely

subcordate at base. Fruiting peduncle strong, \—i in. long; pedicels about -^in. long;

seeds | in. long, oblong, embryo ^ in. long ; cotyledons narrow, rather longer than the radicle

;

albumen cartilaginous, not ruminated.

Local name in Sena (Mozambique) nhamodima, according to Dr Klotzsch. The natives

use the roots to clean and dye their teeth red ; fruits in January and February
;
grows

in the neiglibourhood of Sena, Dr Peters!; Senna, Kirk!; Rovuma River, Shiramba, .^iVi' .'

;

between Lupata and Tette, Kirk ! ; Quiloa, Kirk ! ; Congo, Burton ! ; Angola, district Golungo

Alto, Welwitsch! No. 2.535, frequent in thickets throughout the whole district, especially

in mountainous woods, fruit said to be edible; var. vemalis, leaves f— 2 in. long by J—| in.

wide, flowers solitary on shorter peduncles, fruiting calyx smaller, less foliaceous, a shrub

2—6 ft. high, Angola, district Golungo Alto, Welwitsch 2535 b. The characters approach

those of the genus Royena. A specimen in the herbarium of the British Museum without

flowers from Sierra Leone gathered by Afzelius! may possibly belong to this species.

60. Diospyros Dendo, Welw. MSS.

D. foliis altemis, ovali-oblongis, apice acuminatis, basi leviter angustatis, tenuiter coriaceis,

glabrescentibus, nitido-vi7-entibus, persistentibus ; floribus brevissime cymosis, axillaribus, 5—6-

25—2
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meris, dioecis, calyce campamdato, utrinque pubescente, S 5—6-jido, 5 profunde lohato

;

corolla aperte campamdatd, glabra, j 5—6-jidd, lobis rejiexis, 5 profunde 5—6-fidd ; S sta-

mmibus 20 vel 24, exsertis, suhoeqvMlibus, geminatis, corollce medio iiisei-tis, pubesceidibtis

;

? staminodiis 0, ovario ovoideo, glabra, i-locularibus, loculis 1-ovulatis ; fructibus subglohosis,

glabris, 2-spervns ; seminihus sub-hemisphericis, albumine non ruminato ; calyce fructiferu aucto,

patente.

Plate X. a. a male flowering branch, natural size. b. a male flower, magnified 3 dia-

meters, c. a male corolla laid open, shewing the stamens, magnified 3 diameters, d. a

pair of stamens, magnified 6 diameters, e. a female flowering branch, natural size. /. a

female flower, magnified 3 diameters, g. the same after the removal of the corolla, mag-

nified 3 diameters. A. a vertical section of the last, shewing ovules inside the ovary,

magnified 4 diameters, i. a fruiting branch, natural size. k. a fruit, natural size. I. m.

a seed, natural size. n. transverse section of a seed, natural size. o. embryo, magnified

6 diameters.

A tree 2.5—3-5 feet high, valuable as timber. "Wood very black and hard in the centre.

Trunk 1—2 ft. in diameter. Branches terete, smooth, of dark brown colour, glabrescent

;

young parts shortly and closely fulvo-pubescent. Leaves alternate, elliptic-oblong, shortly and

obtusely acuminate at apex, slightly or scarcely narrowed at base, thinly coriaceous or sub-

membranous, darker above, shining, glabrescent or midrib and sometimes principal veins

puberulous on both sides, midrib depressed above ; evergreen, 2—5i in. long by 1—2f in.

wide
;

petioles i

—

\ in. long, puberulous
;

principal lateral veins distant, clear and slender

beneath, inconspicuous above, archiug; tertiary veins transverse, slender. Internodes much

shorter than the leaves. Inflorescence axillary or slightly supra-axillary, shortly and closely

fulvo-pubescent, in short clustered several-flowered cymes. Flowers 5—6-merous, dioeciouB

;

pedicels short.

<J . Flowers \ in. long ; calyx -^ in. long, campanulate, 5—6-fid, shortly pubescent on both

sides, lobes ovate ; corolla glabrous, 5—6-fid ; tube campanulate ; lobes J in. long, elliptical,

wholly reflexed, rounded at apex, contorted sinistrorsely in a.'stivatiou. Stamens 20, 24, ap-

pearing at the mouth of the open corolla, equal or subequal, biseriate, distinct, one pair

inserted alternate and another pair opposite to each corolla-lobe; inner series inserted sligiitly

below the outer about the middle of the corolla, that is, about the top of its tube;

anthers linear, erect, hairy, sessile or subsessile
;
polleu globular, smooth. Ovary rudimentary,

glabrous.

2 . Flowers \ in. long. Calyx campanulate, deeply 5—6-lobed, shortly pubescent on both

sides ; lobes ovate-lanceolate ; accrescent in fruit. Corolla openly campanulate, glabrous or

nearly so, deeply 5—G-fid ; lobes oblong, erect or spreading, obtuse. Stamiuodes 0. Ovary

glabrous, obtusely conical, 4-celled, bilobed at apex; cells 1-ovuled. Style 0; stigmas 2, com-

pressed, with thin margins. Fruit subglobose, glabrous, about ^ in. in diameter, 2-seeded. Seeds

sub-hemispherioal, :| in. in diameter; albumen white, not ruminated, cartilaginous; embryo

axile, I in. long, nearly straight; radicle yV'"* ^^^S< ^^^^ 'lear ujjpor end; cotyledons ovate,

equal, thin, not veined. Fruiting calyx spreading, 1—1^ in. across, puberulous; lobes ovate

or lanceolate, subobtuse.

See Welwitsch, Synopse das Amostras de Madeiras &c. p. 10 (18G2).
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W. Tropical Africa, Angola, Distr. Goluuto Alto, frequent in dense primitive woods,

flowers from December to February, fruits in March, Dr Welwitsch ! nos. 2537, 2538.

Native name Dendo or N-Bendo.

61. DiosPYKOS (?) CuNALON, Alph. DC. Prodr. viii. p. 237 n. 79 (1844).

D. foliis alternis, late lanceolatis, apice ohtusis, glahris, brevissime petiolatis, margine

revolutis ; florilus hreviter racemoso-cymosis, calyce campanulato, lohis 4 rarius 5 rotundatis,

corollce lobis 4 profundis acutis, staiyiinibiis 8, corolke adnatis, 4 bast, 4 medio loborum

;

ovario globoso, stylis 2 ; baccis globosis, i-locularibus, loculis monospennis.

(Cunalon), Blanco, Flora de Filipinas pp. 304, 305 (1837).

A tree with erect and branching trunk. Leaves alternate, broadly lanceolate, obtuse

at apex, glabrous ; the margins entire and reflexed
;

petioles very short. Flowers in small

racemose panicles. Calyx free, persistent, campanulate, with 4 or rarely 5 rounded lobes.

Corolla longer than the calyx, -with 4 deep acute lobes. Stamens 8, inserted on the corolla,

4 at the base and the other 4 at the middle of the lobes ; filaments shorter than the

corolla, compressed ; anthers erect, acute. Ovary globose, enclosed within the flower ; styles

2, linear, compressed ; stigmas simple. Fniit baccate, globose, juicy, 4-celled ; cells 1-seeded

;

seeds oblong, convex and canaUculate outside, angular inside, very hard and horny, and
" covered with a thin aril."

Cebu, Philippine Islands, Blanco, lac. cit.

The leaves and fruit turn very black at maturity and are used by the islanders to

dye cloth. The black colour produced is good and fast and without notable smell. Flowers

in October. Called Cunalon in Bisayas, Philippine Islands.

62. DiOSPTEOS TETBASPEEMA, Sw. Prodr. p. 62 (1788).

B. foliis alternis, anguste ohovatis, apice ohtusis, bast cuneatis, glahris, suhcoriaceis, breviter

petiolatis; florihus masculis 3—4-?ws, hreviter cymosis, calyce campanulato, subglalrescente,

4- rarius o-fido, corolla tubulosd, extus sericed, hreviter i-Jidd, staminihus 8, glahris, gemi-

natis ; florihus femineis solitariis, staminodiis 4, ovario conico, pubescente, i-locidari, loculis

1-ovulatis, fructibus globosis, glahris, seminum alhumine " radiato-striato quasi fibrosa, car-

noso, albo."

FL Ind. Occ. p. 678 (1800), Gaertn. f. Carp. iiL p. 138. t. 208 (1805), Alph. DC. Prodr.

vm. p. 222. n. 1 (1844).

B. obovata, Jacq. Hort. Schoenbr. iii p. 34. t. 312 (1798), non Wight.

A shrub glabrous except the inflorescence and young parts ; stem 1 in. thick ; branches

pale, at about 40° ; shoots slender, subvelutinous. Leaves alternate, oblanceolate-oblong or

obovate, subcoriaceous, the younger ones sometimes peUucid-punctate, cuneate at base into

short petiole, rounded or obtuse at apex, deep green above, paler beneath ; veins raised

on both sides ; 1|—3 in. long by |—1 in. wide
;

petioles -^—f in. long.

g flowers in 3—4-flowered cymes ; cymes recurved, ^ in. long, with short appressed

hairs. Flowers about \m. long. Pedicels very short. Bracts small, caducous. Calyx about
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4 in. louo-, green, nearly glabrescent, campanulate, 4—5- usually 4-fi(l ; lobes deltoid or rounded.

Corolla tubular, pale with appressed short hair outside, with 4 spreading obtuse lobes half

the lenoih of the tube. Stamens 8, distinct, 2 alternating with each corolla-lobe, the

inner ones being shorter and inserted at very base of corolla-tube, or hypogynous, the outer

ones longer with filament and anther about equal and inserted rather above base of corolla

tube, or hypogynous; all glabrous. Ovary rudimentary, with short hairs.

5 flowers solitary, on erect peduncles about yL in. long ; calyx and corolla as in ^ ;

staminodes 4, alternating with corolla-lobes and inserted at base of its tube ; ovary conical,

hairy, 4-celled, 4-ovuled, continuous with hairy style which is 4-lobed and glabrous at apex.

Fruit globose, about |in. thick, pale, glabrous, 4-celled, 4-seeded. Fruiting calyx 4—5-fid,

not or scarcely accrescent, concave or somewhat spreading, glabrous. Fruiting peduncle Jj,—iin.

long, patent ; seeds ^ in. long ; testa rather rough ; albumen not ruminated, but somewhat

striated in a radiated manner.

Jamaica, Mr March! No. 1190; Purdief {£ and 5 fl. and fr., October); Swartz, £ fl.

July ; St Domingo, Jacquin, S fl. May ; Cuba, teste Grisehach (the specimen PI. Cub. Wright,

n. 348, has a somewhat different foliage and fruit-calyx).

63. DiosPYEOS Carthei, sp. nov.

D. foliis altemis, elliptico-oblongis, utrinque obtusis, glahris, coriacei's, petiolatis ; florihus

masculis sub-5-nis, sitbsessilibus, confertis, axillaribus, tuhtdosis, ferrugineo-puhescentihus, 4—6-

Jidis, calyce campanulato, corolld gracili ; lobis obtusis, staininibus 8, incequaUbus, ovani

rudimento piloso.

Glabrous and dark except inflorescence and buds ; branches terete. Leaves elliptic-

oblong, alternate, coriaceous, not pellucid-punctate, of same colour on both sides, 4—5 in.

long by \%—Igin. wide; petioles fin. long, spreading.

$. Flowers about 5 together, subsessile, crowded, axillary, tubular, slender, \—Jin.

long, ferruginous-pubescent, the colour gi-eenish beneath the hairs ; calyx J in. long, cam-

panulate, 4—6- (5—6 !) -fid ; lobes lanceolate. Corolla 4-fid, slender, ^—| in. long, ferru-

ginous-hairy outside, constricted in midrib ; lobes imbricated, obtuse. Stamens 8, unequal

by shorter or longer filaments, glabrous, -^-^—tin. long, anthers dehiscing longitudinally

along their sides; pollen ellipsoidal. Ovary rudimentary, represented by hairs.

Manila, Philippine Islands, Carthe/

04. DioSPTROS POLTALTHIOIDES, Korthals MSS. in Hb. Ludg. Batav. Ebeu. nn. 5—9, 12—14.

D. foliis altemis, oblongis, apice acuti. acuminatis, basi obtusis, tenuiter coriaceis, suprd,

glahris, subtus subglabris ; fioribus masculis, aggregatis, breviter cymosis, axillaribus, oblongis,

sericeis, calyce campanulato, 4

—

n-fido, corolld tubulosd, breviter' 4>-jidd, lobis obtusis patentibus,

staminibus 8, glabris, receptaculo inseiiis, inaiqualibus ; fioribus femineis axillaribus, breviter

cymosis; fructibus stcbsolitariis, breviter j^edunculatis, globosis, pubescentibus, S-locularibus

;

calyce fructifero aucto, pro/unde i-lobo, ampliato, lobis undulatis, latis, erectis.
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Dioecious. Shoots ferruginous-pubescent, terete. Leaves oblong, alternate, obtusely nar-

rowed or nearly rounded at base, acutely acuminate at apex, thinly coriaceous, glabrous and

rather shining above except the depressed midrib, nearly glabrous beneath except the

midrib and weak slender lateral veins, 6—8 in. long (besides hairy petiole ^5—| in. long)

by li—2| in. wide; margins just recurved; lower surface somewhat red; not pellucid-

punctate ; a few dark depressed glands usually exist on the lower surface, especially near

the base and in the fruiting specimens.

^ . Cymes axUlary, many-flowered, sericeous-ferruginous, -^—^ in. long (excluding the

flowers
;

pedicels about -^ in. long ; bracts small. Flowers sericeous, about ;<^ in. long in bud,

crowded. Calyx nearly J in. long, campanulate, 4—-o-fid ; lobes deltoid or oval, hairy on

both sides ; corolla shortly 4-fid, tubular ; lobes obtuse, much imbricated in bud, oval, ^ in.

long; glabrous iaside, spreading; tube constricted at the top. Stamens 8, glabrous, inserted

on the receptacle, unequal, combined more or less by their filaments at base ; anthers linear,

acute (when young), longer than their filaments. Ovary 0. Rarely a flower is trimerous.

9 . Cymes axillary, about 4- in. long, sericeous-ferruginous, bearing 3—many flowers ; bracts

caducous
;

pedicels | in. long. Calyx plicate, 4 in. high, longer than the corolla. Flowers

4—.5-merous. Fruit subsolitary, on peduncles i—| in. long, enclosed when young by accres-

cent deeply 4-lobed calyx; fruit globose, ferruginous-haiiy, about Jin. in diameter (perhaps

not mature), 8-celled, (8-ovuled), 8-seeded. Pericarp rather thick ; dissepiments thin. Fruiting

calyx f in. high, deeply 4-lobed, hairy on both sides; ample at the sinuses; lobes widely

ovate with margins wavy, wide at base.

Borneo, Korthals !

Plate VII. A branch in male flower, natural size. a. Cah^ laid open and stamens, the

corolla having been removed, magnified 3 diameters, h. A branch in young fruit, natural

size.

Go. DioSPYEOS KiEKn, sp. nov.

D. foliis ovalibus, alternis, utrinque rotundatis, coriaceis, velutinis, petiolatis ; floribus

masculis axillarihus, breviter cymosis, 4- rarius o-meris, calyce campanulato, scepius 4^-fido,

corolla tubulosd, breviter 4-lobd, staminibus 9—10, glabris, incequalibus ; fioribus femineis soli-

tariis, breviter 2:)edunculatis, stanvinodiis 8, ovario globoso, i-loculari, fulvo-tomentoso, loculis

1-ovulatis / fructibus edulibus.

A fruit-tree with young shoots ferruginous-tomentose-puberulous ; branches cinereous

glabrescent, terete. Leaves elliptical or oval-oblong, alternate, coriaceous, rounded at both

ends ; velutinous-puberulous, sub-nitescent above with dehcate slightly raised veins ; velutin-

ous-pubescent fulvous beneath with raised rufous midrib and lateral veins ; li— 4 in. long

by I—2J in. wide
;

petioles hairy 4

—

\ in. long.

S. Inflorescence axillary, in several-flowered cymes, nifous-tomentose, raised on pe-

duncles about i in. long, with short pedicels, bracteate; flowers -^ in. long, tetramerous or

rarely pentamerous ; cal3'x 3*^ in. high ferruginous-velutinous outside, appressedly haiiy inside,

4-fid, camjianulate, rarely with 5 unequal lobes ; corolla inflated-tubular, with 4 short ovate

patent lobes, glabrous inside ; stamens 9, 10, glabrous, inserted at base of corolla or on recep-

tacle, unequal, on short filaments; ovary 0.



200 Mr HIERN, on EBENACE^.

S . Flowers solitary, on short peduncles, ^% in. high ; fulvo-velutinous ; calyx 4—5-lobed,

* in. long ; with lanceolate erect lobes -j^

—

^ in. deep, hairy on both sides ; corolla trun-

cately conical, with 5 (or 4 ?) very short spreading obtuse lobes, glabrous inside ; staminodes

8, inserted at base of corolla and 1 on receptacle (in flower examined), glabrous; ovary

fulvous-velutinous, globular, 4-celled with 2 styles hairy at base; cells 1-ovuled ; stigmas

glabrous, lobed; young fruit fulvo-velutinous, with calyx-lobes appressed or erect; pulp of

fniit good when made into a cake.

Africa, Zambesia, above Tette, common. Dr Kirk!

66. DiOSPTROS VELUTINA, sp. nov.

D. foliis alternis, ovalibus vel ohlongis, coriaceis, suhtus fulvo-velutinis interdum puiescen-

tibus et pellucido-ptmctatis, petiolatis; florihus masculis ternis, hreviter cyniosis, 3

—

^-meris,

ferrugineo-hirsutis ; cahjce campanulato, 3

—

i-Jido, lobis obtusis, corolld tuhdosd, 3

—

i-lobd,

staniinibus 12, glabris, incequalibus ; floribus femineis solitai'iis hreviter pedunculatis, calyce

3

—

5-lobo, corolld A:-lobd, ovario dense fulvo-sericeo, subgloboso, 8-loculari; stylis 4; fructibus

globosis, albuniine non ruminato.

A dioecious shrub about 6 feet high or small tree ; shoots, leaves especially on the

under-side, and inflorescence ferruginous-velutinous ; branches glabrescent, terete, shining,

spreading at about 60°. Leaves oval or oblong, somewhat narrowed (sometimes acutely), obtuse,

rounded or even cordate at either or both ends, coriaceous, shining and comparatively gla-

brescent above with (in some specimens) more or less depressed veins, densely ferruginous-

velutinous beneath, or in some specimens becoming less hairy and then with small pellucid

dots, alternate, H—6 in. long by |—2J in. wide
;

petioles ^

—

I in. long, ferruginous-velutin-

ous. Inflorescence short, axillary, ferruginous-velutinous ; bracts narrow, caducous.

<J. Flowers usually 3 together, on peduncles -^^
—^, in. long, trimerous or the central

ones tetramerous, about \ in. long ; calyx ^ in. long, ferruginous-velutinous outside, glabrous

inside, 3- or 4-fid, with obtuse lobes ; corolla ferruginous-sericeous, 3- or 4- lobed, tubular,

nearly J in. long, lobes I—^ in. deep, oval, glabrous inside, spreading ; stamens 12, glabrous,

some in pairs, unequal in the pairs, the inner ones the shorter ; filaments short, anthers

lineai"-oblong ; ovary ferrugineous-hairy, rudimentary.

9 . Flowers and peduncles solitary, ferruginous, hairy
;
peduncles \—^-^ in. long ; flowers

3 in. long ; calyx f^ in. long by J in. wide, 3—5-lobed ; lobes \ in. deep by \ in. wide, fer-

ruginous-tomentose on both sides, rounded or deltoid, cordate at base, with undulating sides,

often emarginate at apex, with central boss inside near base; corolla shortly tubular with 4

short acute spreading lobes ; staminodes 2 (in one case), glabrous ; ovary densely fulvo-

sericeous, subgloboso, 8-ccllcd, with a short neck terminated by 4 styles; cells 1-ovuled;

stigmas emarginate. Fruit globose, shining, pale, glabratc, except at the apex, about 5-celIed

and 5-seeded, pulpy, J—| in. thick ; seeds about % in. long, enveloped in pulp considered

by Mr Miers, in Ann. Mag. Nat. Hist. ser. ii. vol. Vlll. p. 164 (1851), to bo of the nature of

an aril, not however in the dried state suggesting such an origin ; fruiting calyx 3—4-

lobed, spreading, tomentose, j^—f in. across ; lobes more or less emarginate, especially in the

trimerous ones ; albumen homy, not ruminated, but (in some specimens) obscurely striate

in a radiating manner.
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Brazil, Rio de Janeiro, Jurujuba Bay, Mr Miers! 3709; Serra de Araripe, Gardner!
1512 ((J fl. Sept.); between Franqueira and Canariera, Gardner! 2284 (albumen radiately

striate, fruit in March); New-Granada, Prov. Mariquita, Piedros, banks of Magdalena, 1300 ft.

alt., Triana! 2612 ; Mexico, Carmen and neighbourhood, Dr Warra ! 226 (plant in young

fruit with acute leaves and calyx 3-fid having pointed lobes). Possibly 2 or 3 different

species are here described together. Cfr. Maba inconstans, Griseb. which is like this plant

in some states.

07. DiOSPTROS PLECTOSEPALA, sp. nov.

D. foliis altemis, ovalibus, apice acuviinatis, basi angustatis, subglabris, tenuiter coriaceis,

breviter petiolatis ; floribus masculis brevissime ci/mosis, axillaribus, jienfameris, hirsutis, brac-

teatis, campanulato-oblongis, cali/ce ^^rofunde lobato, lobis rotiuulis valde contortis, corollw lohis

ovalibus obtusis, staminibus 12 glabris inceqimlibus, ovarii rudimento hirsute.

Branches terete, sparsely hispid with mixed brown and black short hairs. Leaves alternate,

oval, acuminate at apex, somewhat narrowed at base, thinly coriaceous, scattered especially

beneath with a few inconspicuous appressed short stiff hairs, 1^—4^ in. long by ^—1| in.

wide, dark green above ; lateral veins few, delicate
;

petioles ^—| in. long, hispid.

(J. Flowers few or several together, in very abbreviated hispid axillary cymes, penta-

merous, Jin. long, campanulate-oblong ; bracts small. Calyx deeply .5-lobed, scarcely half the

length of the flower, hirsute outside, glabrous inside, lobes round, much imbricated, cordate at

base. Corolla densely hirsute outside with pale appressed hairs, glabrous inside, o-fid ; lobes

oval, obtuse. Stamens 12, glabrous, unequal, hypogynous or inserted at very base of corolla.

Ovary minute, rudimentary, hairy.

Borneo, 0. Beccari! n. 3225.

68. DiOSPTROS STRICTA, Roxb. Cat. PL Fl. Ind. p. 93 (1813).

Z>. trunco stricto, apice tantum ramoso ; foliis altemis, ovato-oblongis, apice valde acumi-

natis, basi subrotundis, suhniembranaceis, ciliatis, subtus sparse pubescentibm, breviter petiola-

tis ; cymis masculis brevissimis, 3—Q-floris, bracteatis, floribus subsessilibus, i-meris, hirsutis,

calyce parvo, profunde lobato, corolld urceolato-oblongd, staminibus 14—16, glabris; fructibus

solitariis, breviter piedunculatis, obovoideis, basi conicis, glabris; seminihus oblongis, albumine

non ruminato.

Roxb. Hort. Beng. p. 40 (1814; ; Fl. Ind., edit. 1832, li. p. 539. n. 14 ; Drawings no. 2507 in

Hb. Kew ; Wall. List n. 4121 (1828—32) ; Alph. DC. Prodr. viii. p. 232. n. 47 (1844).

A tall slender conical tree with a trunk perfectly straight, as in firs, to the very top

;

branches spreading at 40°, terete
;
young shoots subtomentose, covered with dull tawny patent r

short hairs, glabrescent. Leaves ovate-oblong, much acuminate at apex, obtuse at base, sub-

membranous, alternate, erect-patent, pubescent beneath, ciliate, glabrous above except on the

midrib, 2—3J in. long by about 1 in. wide
;
petioles about | in. long, pubescent ; veins incon-

spicuous especially on upper face.
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$. Flowers J in. long, 3—6 together, crowded aad subsessiio on short pubescent cymes

about the length of the petioles, tetramerous. Bracts numerous, hairy, at base of very short

pedicels. Calyx tawny-hirsute outside, small, ^ in. long, with 4 deep ovate apiculato lobes,

o-jabrous inside. Corolla salver-shaped, -^ in. long, tawny-hirsute, much contracted towards

top of tube ; tube inflated below, ^ in. long ; lobes oval, patent or reflexed, shorter than the

tube. Stamens 14—-16, glabrous, single, about half the length of the corolla-tube, most in-

serted in one row at base of corolla and nearly equal, some inserted on the disk ; filaments

about as long as the anthers. Receptacle convex.

9 . Fruit solitary, on patent peduncles which are about \ in. long and thicker towards

the apex and continuous with small tawny-hairy shortly 4-lobed calyx. Fruit egg-shaped

but somewhat conical towards base, 1| in. long by -j^ in. thick, tmequally 4 '-celled, glabrous.

Seeds oblong, albumen not ruminated.

East Bengal, Tipperah, Roxburrjh
(
/ fl. March) ; Griffith ! 3624 (in fruit) ; Chittagong,

Brs J. D. Hooker and T. Thomson! ; Silhet, &c. Roxburgh, Hort. Beng. j). 40.

69. DiOSPTROS ERIANTHA, Champ, in Kew Journ. Bot. IV. jd. 302 (1852).

I), foliis distichis, ohlongo-lanceolatis, apice acuminatis, lasi oltusis, tenuiter coriaceis,

supra nitidis, subtus secus venas pilosis, breviter petiolatis; floribus mascidis 1—3-?n"s, axil-

laribus, suhsessilibus, hasi bracteatis, tetrameris, hirsutis, calyce profunde lobato, corolla hypocra-

teriformi, lobis lanceolatis, acuminatis, patentibus, staminibus 14—16, glabris; floribus femineis

solitariis, staminodiis 8, uniserialibus, glabris, ovario villoso, i-loculari, loculis 1-ovulatis ; fruc-

tibus oblongis, subglabratis, monospermis, albumine non ruminato.

Benth. Fl. Hongkongens. p. 210. n. 2 (1861).

A small tree, with young shoots ; margins, mid-rib and lateral veins of underside of leaves

and inflorescence covered with stiff appressed rusty pubescence ; branches spreading at about

35°, glabrescent, terete. Leaves oblong-lanceolate, much acuminate at apex, obtuse or nearly

rounded at base, distichous, thinly coriaceous, shining and with slight depressed inconspicuous

midrib and lateral veins above ; ruddier and with raised and rather conspicuous midrib and

lateral veins beneath; 2J—4| in. long by §

—

1\ in. wide; petioles J^—J in. long, pubescent

when young. Bracts much imbricated, numerous, especially in 9 , concealing the very short

peduncle and young flowers, pubescent when young, wide, rounded or obtusely narrowed.

<J. Flowers subsolitary, 1—3 together, axillary, not nodding, subsessile, tetramerous,

^ in. long. Calyx deeply 4-fid, J in. long, with lanceolate hirsute lobes. Corolla tubular,

«alver-shapcd, hirsute outside, glabrous inside, 4-lobed, white; tube
fj,

in. long; lobes
-fjf

in.

long, spreading, acuminate, lanceolate, imbricated sinistrorsely. Stamens 14—16, inserted in

pairs at base of corolla, glabrous; anthers acuminate; the interior filaments shorter, thii

outer ones longer. Ovary rudimentary, small.

?. Flowers solitary, subsessile, tetramerous; calyx -,'jj in. long, like S. Corolla equal-

ling the calyx ; lobes acute. Staminodes 8, glabrous, in one row. Ovary hairy, 4-celled

;

cells 1-ovuled ; style bifid to the middle with contiguous emarginate lobes, glabrous except

at base. Fruit glabratc or nearly so, oblong, about i in. long, shining, 1-seeded. Fruiting
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calyx I in. long, with apiculate lobes, somewhat spreading. Albumen not ruminated ; embryo

straight.

Hong Kong, C. Wright! Qi; in the Happy Valley woods, Champion! 133, 147; Borneo,

Korthals !

D. Teysmanni, Miq. in Fl. Ind. Bat. Suppl. I. pp. 2.50, 583 (18G0), belongs to the above

species ; it however differs by rather smaller leaves with nearly or quite glabrous lateral veins

and with the iipper surface paler than in the above species. Local name Kajoe-ngingeh. Near

Kabagoesan on the coast in Lampong, S. Sumatra, Teijsmann!

70. D10SPTRO.S YARiEG.vrA, Kurz in Journ. Asiat. Soc. Beng. vol. XL. pt. ii. p. 73. n. 95 (1871).

D. foliis dblongis, acutis vel acuminatis, tenuiter coriaceis, gldbris, petiolatis ; jlorihus mas-

culis tetrameris, ternis vel paticis, in cymis axillarilus hreviter p>edicellatis, calyce jnilerulo, loMs

late ohlongis ohtusis, corollw tiibo quam calyce paitlum longiore, lobis ovatis acutis tuhi longitudine,

staminibus circiter 16 inccqualibus, antheris glabris.

Flora, 1871, p. 342.

A moderate-sized tree, quite glabrous except the buds. Leaves varying from elliptic-

oblong to oblong, usually rather unequal and but little narrowed at base, acute or acuminate,

entire, 5—10 in. long, thinly coriaceous, glabrous
;

petioles \
—\ in. long, crass ; lateral veins

prominent below; net-veins rather distant and conspicuous beneath.

(J . Flowers yellow, tetramerous, in bud \—fV in- long, elongated, very shortly pedicelled,

3 or few together, in axillary shortly-stalked minutely puberulous bracteated cymes, on young

usually leafless shoots, simulating racemes ; bracts wide, rather acute, puberulous. Calyx

puberulous ; lobes widely-oblong, obtuse, about ^ in. long. Corolla urceolate (-oblong ?) ; tube

a little longer than the calyx; lobes ovate, acute, equalling the tube. Stamens about 16,

unequal, inserted at the base of the corolla; filaments short; anthers linear, cordate at thp

base, acuminate, glabrous.

Pegu, Dr Brandis

!

71. DioSPTROS DASYPHYLLA, Kurz in Joum. Asiat. Soc. Beng. vol. XL. pt. ii. p. 71. n. 92.

(1871).

D. foliis ohlongis vel ovali-ohlongis, apice acutis vel hreviter acuminatis, hasi rotimdatis vel

suhcordatis, chartaceis, secus nervos indierulis, hreviter petiolatis; jlorihus masculis tetrameris, in

cymis hrevihus fulvo-puhescentibus axillarihus vel supra foliorum delapsorum cicatrices erum-

pentihus dispositis, calyce partito, lohis rotundatis, corolla tubulosd, paulum ampliatd, staminibus

circiter 16, filamenfis valde inccqualibus, ovarii rudimento fidvo-hirsuto.

Flora, 1871, p. 333.

A tree (?) with branchlets densely tawny-pubescent. Leaves varying from oblong to

oval-oblong, on petioles ^—\ in. long, densely tawny-pubescent, rounded or subcordate at

base, acute or shortly acuminate, 4—6 in. long by 1\—3 in. wide, chartaceous, with long cilia

when young, afterwards softly puberulous on the veins above and below.

26—2
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<J . Flowers in bud nearly f in. long, tetramerous, shortly pedicelled, arranged in short

tawny-pubescent cymes, axillary or above the scars of fallen leaves; bracts suborbicular, pu-

berulous, ciliated, about yj iu. long. Calyx ferruginous-pubescent, lobed almost to the base;

lobes rounded, ciliated. Corolla-tube appressedly tawny- or ferruginous-pubescent, I in. long,

•widely tubular; corolla-lobes equalling the tube, acute, oblong, canescent-velutinous outside.

Stamens about 16, inserted at the base of the corolla ; filaments very unequal, some -^—^ in.

long, but mostly very short; anthers oblong, acute. Ovaiy rudimentary, with tawny hairs.

Karen hills, Taipo mountains, Burmah (between Sitang Hills and Salween River), at

4000 ft. alt., Dr Bmndis

!

72. DiosPYEOS Beccaeii, sp. nov.

D. ramulis petioUs et inflorescentid ferrugineo-puhescentihus ; foliis alternis, ovaK-ohlovgis,

apice acuminatis, basi rotundatis vel rarius parum angustatis, tenuiter conaceis, superne glahris,

subtus feri-ngineo-pubescentibiis ; fioribus femineis solitariis, SHbsessilibus, basi plurihracteatis,

axillaribus ; calyce 4!-pariito, lobis margine revolulis vel undulatis; corolla 4t-fidd, lobis obtusis;

staminodiis 8, glabris; ovario glabra, 4:-lociUari, loculis l-ovidatis.

Young parts, petioles, underside of leaves and inflorescence ferruginous-pubescent ; shoots

longitudinally wrinkled. Leaves oval-oblong, narrowly acuminate, obtuse at apex, rounded or

rarely slightly narrowed at base, thinly coriaceous, glabrous above with indistinct veins, flat,

9— in. long by 1—2i in. wide
;

petioles stout, terete, i—J in. long.

2 . Flowers solitar}', axillary, subsessile, Avith several caducous ovate bracts at base

;

bracts unequal, shorter than the calyx ; calyx campauulate, ^—f in. long, hairy on both

sides, 4-partite; lobes ovate, with reflexed or undulated margins; corolla (immature) 4-fid,

glabrous inside ; lobes obtuse ; staminodes 8, glabrous, equal, in one row ; ovary glabrous,

ovoid, 4-celled, cells 1-ovuled.

Borneo, 0. Beccari! nn. 2492, 2591.

73. DiosPYROS OLEIFOLIA, Wall. List n. 4128 (1828—32).

D. foliis alteiiiis, ovalibus vel oblongis apice obtuse acuminatis, basi angustatis, subco-

riaceis, glahrescentibus, utrinque Icsvibus nitidisque, nervis sttbtilissimis impressis inconspicuis,

petiolatis; fioribus mascidis temis, breviter cymosis, tetrameris ; calyce extus glabro, intns to-

vientoso, lobis latis acutis, corolld urceoluto-oblongd, lobis brevibus rotundatis, staminibus cir-

citer 20, ovarii rudimento pubescente; fructibus solitariis, subglobosis.

DC. Prodr. VIII. p. 239. n. «8 (1844) ; Kurz in Joum. Asiat. Soc. Beng. vol. XL. Pt. Ii.

p. 72. n. 04 (1871); Flora, 1871, p. 342.

A moderate-sized tree with dark bark, glabrous except young parts, which are fer-

ruginous-tomentosc. Leaves alternate, oblong-elliptical or oblong-lanceolate, narrowed at

both ends, 2'^—6—9 in. long by 1—2J—2^ in. wide, subcoriaceous, pale, smooth and shining

on both sides, the yello\vish midrib and inconspicuous veins all slightly depi'essed on the

upper surface; petioles J—J—gin. long; margins just recurved.

<J. Cymes drooping, J—1 in. long, axillary, slightly pubescent, usually 3-flowercd; com-
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mon peduncle {
—

I in. long
;

pedicels i—J in. long, hispidulous ; flowers tetramerous, white.

Calyx nearly ^ in. long, glabrous outside, densely fulvo-tomentose inside ; lobes wide, acute.

Corolla more than twice the length of the calyx, fulvo-tomentose outside ; tube wide and

inflated, about J

—

^io- long; lobes short, rounded; stamens about 20, inserted at the base

of the corolla and on the receptacle ; filaments very short ; anthers hnear, acuminate, about

J in. long. OYary rudimentary, minute, fulvo-pubescent.

9 . Fruit solitary, on young branches, very shortly pedunculate, sub-globose, |—| in. in

diameter, more or less rufous-pubescent, yellowish, in one case S-celled and 3-seeded. Fruiting

calyx \ in. long, 4-fid (in one case 3-fid), tomentose inside, pubescent outside ; lobes ovate-

deltoid,

Pegu, 3r Brandts, Kurz! no. 3012. Java, Wynkoopers Bay, Teijsmann (Malay name

Kayu arang) ; Amherst, Wallich ! 4128, Anderson!, H. Falconer!, Herb. Hort. Bot. Calc.

No. 242.

74. DiOSPYEOS FLAVICANS.

D. foliis alternis, ovali-ohlongis, apice acuminatis, basi obtusis, tenuiter coriaceis, glahris,

breviter petiolatis ; inflorescentid axillari, brevissime cymosd, pauciflord, bracteis longis im-

hricatis, florihus 4

—

o-meris, calyce partito, curolld hypocrateriformi tetragond, lobis ohtusis,

staminibus in flore masculo geminatis, 14—20, coroUce basi insertis, glabris ; ovario in flore

femineo glabra, tetragono-pyramidali, i-loculari, loculis \-ovulatis; fructibus oblongis, glabris.

Guatteria ? flavicans, Wall. List, n. 729-5 (1828—32).

A dioecious shrub 8—10 feet high or small tree, with virgate terete and somewhat

flexuous branches, appressedly ferruginous-pubescent as well as the leaves when young, gla-

brescent, spreading at about 50°. Leaves alternate, oval-oblong, usually much acuminate at

apex into a long obtuse point, somewhat narrowed at base, thinly coriaceoiLs, 2

—

o\m.

long by I—2 in. wide, besides petioles J^

—

I in. long
;
quickly glabrescent, somewhat shining

on both sides; midrib somewhat depressed and lateral veins not conspicuous on upper

surface, the latter clear and slender and anastomosing near margin beneath. Inflorescence

axillary, shortly cymose, ferruginous-pubescent, with long bracts, 1—several-flowered; flowers

white.

,? . Cymes very short ; flowers clustered (or solitarj-) ; with short pedicels bearing long

lanceolate foliaceous bracts at base sometimes ^in. long. Calyx \
—iin. long, pilose on

both sides, 4-partite or deeply lobed rarely 5-lobed, lobes ovate acute foliaceous, with plicate-

valvate sides, lax. Corolla salver-shaped, about double the length of the calyx, pubescent

outside, glabrous inside; tube tetragonal, 4—o-fid or partite. Stamens 14—16—IS—20,

inserted at or near base of tube of corolla, in pairs, the inner shorter on bent filaments,

glabrous ; anthers apiculate, equalling or shorter than the filaments ; ovary 0.

2 . Cymes 1—few-flowered, \—J in. long ; bracts pubescent outside, glabrous inside, vary-

ing in size, leaf-like, at base of pedicels, J—^in. long. Calyx ^j—gin. long, pubescent

on both sides, 4-partite; lobes widely ovate, cordate, with undulated and recurved sides and

base, plicate, fohaceous. Corolla caducous. Ovary glabrous, tetragonally pyi-amidal, 4-ceUed,

terminated at apex by an erect glabrous bilobed style ^ in. long or shorter ; cells 1-ovuled.
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Fruit gLabrous, oblong, |— 1 in. long byf^j—fin. thick, obtusely tetragonal, rounded at apex

find terminated by remains of style, 4-celled. Fruiting calyx loosely embracing base of fruit,

^in. high, deeply 4-fid; margins wavy-reflexed.

Mergui, Tenasserim, Griffith/ (Cfr. NotuL-e, vol. iv. p. 291. n. 2. 1854) n. 3639; Malacca,

Gri^th f Kew List 454, 3623 ; Penang, G. Porter ! from the hills (Wall. List 7295
!) ;

(?) Tenasserim and Audamans, Herb Heifer/ 3640; Malacca Maingay / 972, "6 Feb. 19,

1868, stamens 17—18, i testa subosseous."

An instance of phyllomania occurs in a specimen probably of this species collected

by Heifer! n. 423, Tenasserim or Andamans.

75. DlOSPTEOS SAPOTOIDES, Kurz MSS.

D. foliis alternis, ohovato-ovalibus, apice breviter aciiminatis, hasi cuneatis, viox glabrescen-

tibus, tenuiter coriaceis, breviter petiolatis ; floribus masculis aggregatis, subsessilibm, tetra-

meris, urceolato-ollongis, calyce jn-ofunde lobato, utrinque pubescente ; corolla. 4:-fidd, lobis obtusis,

staminibus circiter 16, glabris, biserialibus, incequalibus, ovario rudimentario.

Branches terete, smooth. Leaves alternate, obovate-oval, shortly acuminate at apex,

cuneate at base, quickly glabrescent, thinly coriaceous, glaucescent (bluish green in dry

state) above, 3—10 in. long by 1^—Si in. wide; lateral veins 12—15 on each side the

midrib, arching and anastomosing near the margin
;

petioles i—^ in. long.

jj. Flowers J in. long, urceolate-oblong, tetramerous, clustered, several together, sub-

sessile, in axillary nodose dense abbreviated cymes. Calyx about I in. long, openly campa-

nulate, hairy on both sides, deeply lobed; lobes cordate-ovate. Corolla 4-fid, hirsute outside

at least along 4 hairy lines on tube ; lobes oval, rounded. Stamens 15—16, in two rows,

glabrous; inner row shorter. Ovary wanting.

Pegu; flowers in April, S. Kurz! n. 3013.

76. DioSPYROS AUREA, (?) Teijsmann et Binnendijk PI. Nov. Hort. Bogor. in Nederl.

Kruidk. Arch. in. p. 405 (1855).

D. ramis fastigiatis; foliis hifariis, eUiptico-oblongis, breviter acuminatis, basi acute

angustatis, glabris, nitidis, tenuissime coriaceis, j)etiolis crassiuscidis ; floribus masculis aggre-

gatis subsessilibiis tetrameris, calycis lobis deltoideis acidis, corolla tubulosd, hbis ovali-oblongis

qmtentibus, staminibus 16, glabris, antheris apiculatis ; floribus femineis solitariis 4

—

o-ineris,

staminodiis 10—11, "stigmate profunde 2-fido"; baccd globosd, aurantiacd.

Walp. Ann. v. p. 478 (1858).

A small tree; tnink 4 feet high with fastigiate terete contiguous leafy branches which

form a dense head; young shoots petioles and pedicels ferrugiuous-pubcrulous as well as

tlie midrib of the leaves beneath. Leaves alternate, distichous, glabrescent, oval-oblong,

acuminate at apex, narrowed at base into petiole, very thinly coriaceous, shining, with

midrib depressed and lateral veins slightly raised above, 4—8| in. long by U—2^ in. wide;

petioles I—Jin. long, rather thick.
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5 Flowers in very short many-Howered dense nodular cymes with very short pedicels,

in the axils of fallen leaves, i—fin. long, slender. Calyx J—fin. long, scattered %vith few

inconspicuous short ferruginous hairs, -l-fid
;

glabrous inside; lobes narrowly deltoid, acute,

spreading. Corolla tubular, 4-fid, glabrous except 4 lines of short hairs outside; tube |iu.

thick iu middle where it is slightly inflated; lobes oval-oblong, spreadiug. Stamens 1(J,

glabrous, unequal, inserted on the tube of the corolla a little above its base, -^—^in.

long ; anthers ovate, apiculate, ^—Jj in. long ; the longer filaments exceeding the anthers,

in length. Ovary rudimentary, glabrous.

9 . Flowers axiUary, glabrous, subsessile, of a golden colour, solitary ; calyx -t—5-lobed,

with shallow rounded wide plicate lobes, glabrous. Corolla 4—.3-fid, constricted at the apex,

scarcely t^vice the length of the calyx. Ovary 10-celled, glabrous. Staminodes 10— 11.

Stigma deeply 3-fid (?). Fruit globose, i-—fin. in diameter, of orange colour, tipped by

style, subsessile, with flat or reflexed calyx. Gum sometimes exudes from the young branches.

Java, Dr Horsfield! Ebenaceaj nos. 3, (3; Bantam, Teijsmann and Binnendijk.

77. DiosPTEOS NIGRICANS, Wall. List n. 6351 (1828—32).

D. foliis alternis ovali-oblongis, apice valde acuminatis, lasi obtuse angustatis, firmiter

memhranaceis, glabris, nitidis, irevitei' petiolatis; jlorihus masculis 3

—

(j-iiis, aodllanbus, bre-

vissime ci/mosis, suhsessilibus, tetrameris, corolla gracili, profunde lobatd, staminibus 32, in-

cequalibus, nonnuUis minutis, glubris ; fructibus solitariis, breviter pedunculatis, glabris, i-locu-

laribus, sub-globosis, loculis vutnospermis, albumine noii riiminato, calyce fructifero 4i-paii,ito

patente vel reflexo. ,

Alph. DC. Prodr. vili. p. 239. n. 87 (1844), non Dalz.

A tree 50 feet high, with many lax cinereous, glabrescent branches
;
young shoots and

petioles minutely puberulous. Leaves oval-oblong, much acuminate at apex, somewhat nar-

rowed at base, alternate, turning black wheu dry, firmly membranous, glabrous except on

midrib which is puberulous and depressed on the upper surface ; lateral veins and net-

veins delicate, not conspicuous above ; 3— 5 in. long by 1—If iu. wide
;

petioles yL—| {xi.

long.

5. Flowers in few (3—6) -flowered short axillary puberulous cymes, subsessile, \— J- in.

long; bracts small, imbricated. Calyx with scattered short ferruginous hairs outside shortly

4-lobed. Corolla with few scattered short hairs outside deeply (frds) lobed, slender; lobes

reflexed at apex. Stamens 32 in one case, very unequal, many minute, glabrous.

9 . Fruit glabrous, ovoid or globose, pointed at apex, about § in. long, 4-celled, 4-seeded,

solitary. Fruiting calyx 4-partite, with scattered feriaiginous hairs outside, nearly glabrous

inside; with oval, flat, spreading or reflexed lobes, |in. long. Seeds oblong, ^ in. long;

albumen not ruminated, embryo nearly as long as the albumen. Fruiting pieduncles shortly

hispid, i in. long, patent, unilateral, bearing 2 small bracts.

Khasia, Qiurra, 2000ft. alt.; Drs J. D. Hooker and T. Tlwmson! 842, June, in fruit;

East Bengal, Griffith! 3628; (Silhet), Wallich! 6351.
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78. DiosPYROS Ebenttm, Koenig in Physiogr. Salsk. Handl. i. p. 176 (177G).

D. ligno duro in centra nigra, faliis alternis, ovalihu^ vel ohlongis, apiee obtuse aciimi-

vatis, hasi obtuse angvstatis, tenuiter coriaceis, reticulatis, glabris, breviter petiolatis ; flonbus

masculis suhsessilibus, breviter cymosis, swpius ^-o-nis, tetrameria, calyce campanulato, ciliato,

brevity 4-?o6o, corolld tubuhsd, media constrictd, glabrd, 'i-fidd, staminibus 16—32, Jila-

mentis 8 ;
floribus femineis salitariis, staminodiis 16 geminatis vel paucioribus, ovario 8-

loculari, glabra vel appresse pubescente, calyce fructifera aiKta, tuba campanulato margine in-

tiis elevato, lobis patentibus vel rejiexis, fructibus subglobosis, glabris vel apprease pubescentibus,

seminum albumine non ruminato.

Alph. DC. Prodr. viii. p. 234.. n. 63 (1844); Ettingsh. Blatt-skel. Dikot. p. 89. t. 37. f. 13

(1861); Linn, fil, Suppl. PI. p. 440 (1781); Roxb. drawings; Beddome, Fl. Sylvat. Madr. t 65

(1870) ; Wight. Ic. t. 188. (1840).

J), glaberrima, Rottb. in Act. Hafn. 1783. vol. II. p. .540. t. 5.

i>. melanoxylon, WiUd. Hb. n. 19243; Sp. pi. iv. p. 1109. n. 8 (180-5); non Roxb,

D. reticulata, Wall. ! List, p. 1.59. n. 4120 E. (1828—32), non Willd.

D. Menaster, Spach, Hist. V^g^t. ix. p. 407 (1840), t. 135 (1846), non Retz.

Z». nigricans, Dalz. in Kew Joum. Bot. iv. p. 110 (1852); Bedd. Ic. PI. Ind. Or. (vii.)

p. 25, escl. t. 124 (1871) ; non Wall.

D. assimilis, Bedd. Report Forests of Madras for 1866—67, p. 20. t. 1 (1867).

A laro-e tree with glabrous branches. Leaves glabrous, alternate, oblong or oval,

obtusely communicate or retuse at apex, somewhat narrowed at base, thinly coriacious

2 7 in. lone by |—2| in. wide, with petioles ^—J in. long ; net-veined, of same colour on

both sides.

(J. Flowers 3—15 together, subsessile, on short pubescent cymes which about equal the

petioles about -^ in. long in bud ; Bracts small, caducous. Calyx funnel-shaped, about

iin. lonw, shortly 4-lobed, nearly or quite glabrous outside with ciliated margins, haiiy

inside- lobes rounded. Corolla tubular, constricted at middle, glabrous, 4-fid, with imbri-

cated lobes. Stamens 16, unequal, more or less in pairs, glabrous, inserted at base of

corolla, or ranging up to 32 on 8 filaments; ovary rudimentary or wanting.

5 . Flowers solitary, with 2 bracts at base, shortly stalked. Calyx much longer than

in the <J, deeply 4-fid with an elevated callous marginal ring round its mouth. Stami-

nodes 16, in pau-s. or fewer. Style 1 ; stigmas 4 ; ovary 8-celled, glabrous or appressedly

pubescent. Albumen of seeds not ruminated. Fruit depresso-globose or subglobose, Jin.

long, or globose and i—1 in. in diameter, glabrous or appressedly pubescent. Fruit-calyx

about f—1 in. across, with spreading or reflexed lobes, receiving the base of the fruit by

the cup-.sbaped tube which has an elevated circular margin felted inside.

East India, Koenig ! ; Chorla Ghaut, Dalzell (called Kurd mard in S. Canara) ; Assam,

Gn;^</i.'; Ceylon, Columbo, Ferguson/, Thwaites ! 1912, 191.3, 2437, 2439; East Bengal,

Griffith ! 3621 ;
Malacca, ariffith ! 3635 " Cayoo Arang, Ebony Wood," Maingay ! 971.

" Flowers 4—5 merous ; Satiny-black. Leaves shining above. Flower yellowish ;" Wight

1714; Wallich! List n. 4120; Sumatra and Molucca Isl. ex Miq. Fl. Ind. Bat. II. p. 1048

(1856) ; New Caledonia, Vieillard ! 898, ThiebauU ! 344.
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This valuable tree is not uncommon in the mountain forests on both sides of the

Presidency of Madras and in Ceylon
; it yields the best kind of Ebony, generally jet-

black but sometimes slightly streaked with yellow or brown ; it is very heavy, close and

even-grained, and stands a high polish ; unseasoned it weighs 90 to 100 lbs. the cubic

foot, and cSl lbs. when seasoned; it is used for inlaying and ornamental turnery and

sometimes for furniture, but there is not much demand for it in Madras. The sap-wood

is white, hard, close-grained, and strong, but not durable ; it is however used by the

natives for various purposes ; it is called Xdlluti in the Cuppapah and Kurnool hill-forests

where the tree is very common and well known. Beddome I. c.

D. j-eficwZata, Decaisne, Herb. Timor, in Nouv. Ann. Mus. in. p. 406 (1834), non Willd.

;

D. reticulata, yS. tiinoriana, Alph. DC. Prodr. Viii. p. 225. n. 11 var. (1844); D. timoriana,

Miq. Fl. Ind. Bat. ii. p. 1045 (1856), ought probably to be refened to D. Ebenuin, Koen.,

but I have not seen an authentic specimen.

D. hebecarpa, A. Cunn. ex Bentli. Fl. Austr. iv. p. 286 (1869) is probably the same

species ; the fruit is |—1 in. in diameter, covered with short hairs or glabrescent.

Australia, Queensland, Cape York, ir. Hill!; Endeavour River, A. Cunningham! ; New
Caledonia, Wagap, Vieillard / 2869.

A specimen in Hb. Mus. Paris collected by Pancher .' in New Caledonia may be the

same species (D. Ebenum, Koen.) but the leaves are more coarsely reticulated and the

fruiting peduncles are longer (| in.). Ci'r. D. samoeii&is, A. Gray.

79. DiOSPTROS PELLUCIDA, sp. nov.

D. foliis alternis, ovali-ohhngis, apice acuminatis, hasi angustatis, firmiter memhranaceis,

minute pellucido-punctatis, utrinque nitidis, glahris, hreviter pistiolatis ; florihus solitariis, axil-

laribus, subsessilibus, polygamis, tetrameris, calyce profunde lohato, lobis acuminatis, leviter

plicatis, corolke lobis profwndis acutis, staminibus in
fl.

masc. 8, uniserialibus, glabris, fruc-

tibus glohosis suhglabratis, 8-locular-ibus.

Branches spreading at about 45", terete, dark, glabrous, or minutely puberulous at

the extremities. Leaves oval-oblong, alternate, firmly membranous, glabrous, of nearly same

dark colour and shining on both sides, minutely pellucid-punctate, acuminate at apex, some-

what narrowed at base, 4|—6J in. long by 1|—2i in. wide, including petiole Jin. long;

midrib depressed and veins inconspicuously reticulated above, lateral veins anastomosing within

the margin beneath. Flowers solitarj-, axillary, very nearly sessile
; polygamous (a male

flower and a young fruit growing on the same specimen), tetramerous. Calyx -^ in. long,

spreading, puberulous, but glabrescent outside, deeply 4-lobed, lobes ^ in. long, ovate, cor-

date and dilated at base, acuminate at apex, spreading, with margins reflexed outwards,

especially near base, somewhat plicate ; tube thickened and hairy inside, cup-shaped, the

thickened portion extending upwards a short distance up the middle of the lobes.

(J. Corolla conical in bud, J in. high, glabrous above, puberulous below outside, deeply

lobed ; lobes acute. Stamens 8, equal, in one row, glabrous, ^ in. long ; anthers com-

pressed, jV in. long. Style ^\ in. long, straight, erect, slightly puberulous below the lobed

apex, receptacle (rudimentary ovary) puberulous.

9 . Young fruit i in. high by ~ in. thick, bluntly pointed at apex, pubescent

;

Vol. XII. Part I. 27
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fruit globose, subglabrate, i in. in diameter, unequally 8-celled. Fruiting calyx not

lengthened, spreading, about i in. high, supporting base of fruit ; tube with raised rim

within.

Philippine Islands, Cuming! 1496, 1506.

SO. DiosPYROS TETRANDRA, sp. nov., non Span.

D. foliis alternis, elliptico-ohlongis, acuminatis, had ungustatis, tenuiter coriaceis, glahris,

graciliter reticulatis, petiolatis ; florihus masculis S-nis, hrevissime ci/mosis, tetrameris, tuhu-

losis, extus hispidis, calyce late campanulato, i-fido, corolla hreviter ^-fidd, stammibus 4,

cequalibus, antheris hispidis, ovarii rudiniento hirsuto ; florihus femineis, 1—3-nis, suhsessilihus,

stylis 4; fructihus solitariis, suhsessilibus, glohosis, nitidis; calyce fructifero aucto, concavo-

plicato.

A tree (?), shining and quite glabrous except buds, inflorescence, &c.
;
young branches

terete, with smooth bark. Leaves alternate, elliptic-oblong, acuminate, somewhat narrowed

at base, thinly coriaceous, 4—Sin. long by 1|—Sin. wide; midrib narrow 1}' depressed

above ; lateral veins clear and slender beneath, arching and anastomosing within the

margin, inconspicuous and very delicate as well as the net-veins above
;

petioles 1—

|

in. long, with bladdery tumours on the under-side (especially on the younger ones of the

male plants) extending from the top downwards and disappearing from the older petioles.

<J. Inflorescence axillary, very short, 3-flowered, with short rufous setse; flowers sub-

sessile, y in. long, slender, with short rufous hairs. Calyx I in. long, 4-fid ; lobes acute,

somewhat spreading. Coi'oUa tubular, shortly 4-fid ; lobes spreading, rounded, ^ in. long.

Stamens 4, inserted on the receptacle or at very base of corolla, equal, distinct ; anthers

linear, with reddish short hairs, apiculate, as long as the glabrous filaments. Ovary ru-

tlimentary, rufous-hairy.

9 . Inflorescence axillary, 1—3-flowered, shortly pubescent, without the flowers about

equalling the petiole ; bracts ovate, shortly pubescent
;

pedicels ^ in. long ; flowers nearly

^ in. long, 4—5-, usually 4-, merous, with short appressed hairs. Calyx \ in. high by ^ in.

wide, rather larger in fruit, 4-lobed, lobes cordate, acuminate or emarginate, roundly plicate.

Corolla eiongate-urceolatc, with reflexed ovate lobes. Staminodes.. Ovary ... Styles 4,

hairy. Fruit solitary, globose, f in. in diameter, shining, with short inconspicuous ap-

pressed hairs, or subglabrate ; fruiting calyx |—| in. wide, ^—| in. high ; lobes forming

below dependent hollows, ascending above.

Guiana, Martin !, Budge ! A. D. 1806, Foiteau

!

Plate VI. A branch in male flower-bud, natural size. a. A piece of a male branch

witli more advanced flowers, natural size. h. A male flower on branch, magnified 3 dia-

meters, c. A male calyx, magnified G diameters, d. The andrceciuiu with rudimentary

ovary in centre, magnified 6 diameters, e. A female brancli with empty calyx, natural

size. f. A piece of a fruiting branch, tlie fruit fractured, natural size.

81. DiosPYROS Spkucki, sp. nov.

D. foliii alternis ohlongis, apice valde acuminatis, basi subrotundis, coriaceis, supra glahris

nitidis, auhtus ferrugineo-tomentosis, 7ie)'vis manifestis, 2'>etiolatis ; florihus masculis aggregatis,
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dense cymosis, femigineo-fomentosis, tetrameris, calyce campanulato, lohis deltoideis, corolla

tuhulosd, lohis rotundatis iKitentihus, staminihus IG, glabris, geminatis, iiUBqualihus, corollce

tuho Ireviorihus, ovani rudimento rufo-tomentoso.

A slender straight tree, 60 feet higli, with ferruginous-pubescent branches. Leaves ob-

long, nearly rounded at base, much acuminate and sub-caudate at apex, coriaceous, glabrous

and with depressed veins on the upper side, ferruginous-touientose with strong veins beneath,

alternate, about 1 ft. long by 3—3f in. wide, edges recurved
;

petioles |—| in. long, thick,

"recurved" (Spruce).

<J . Flowers ferruginous-tomentose outside, in many-flowered ferruginous cjTnes ; cymes

about A in. long (excluding the flowers); pedicels about ^ in. long, stout. Calyx |^in. long,

campanulate, shortly tomentose on both sides, 4-fid with deltoid lobes. Corolla about J in.

long, tubular, with 4 patent lobes, glabrous inside, tube | in. long ; lobes I in. long, rounded,

pale green. Stamens 16, nearly or quite glabrous, in 8 pairs, sub-equal in those pairs which

are opposite the corolla lobes and unequal in the alternate pairs ; the longer ones 4 in. long

with the anthers about equalling the filaments ; inserted at base of corolla ; anthers with

very few hairs on the back or glabrous; filaments glabrous. Ovary rudimentary, rufous-

tomentose.

South America, Columbia, San Carlos, frequent in the woods near river Guasie, cJ fl.

October. Spruce! 3138.

Plate VIII. A branch in male flower, natural size. a. A male flower-bud, magnified

2 diameters, b. A male flower expanded, magnified 2 diameters, c. A male coroUa laid open

shewing the stamens, magnified 31 diameters, d, e. Contiguous pairs of stamens, magnified

3J diameters.

82. DiosPTEOS MARITDIA, Blume, Bijdr. Fl. Ned. Ind. p. 669 (1825).

D. foliis alternis, ovalihus vel ohlongis, vtrinque ohtusis, coriaceis, glabris, petiolatis, flo-

rihus viasculis aggregatis, 3

—

1-nis, subsessilibus, elongato-campanulatis, pubesceniibus, calyce

cavipanulato, apice 4—5- i-arius S-dentato, corolld tuhulosd, i-fidd, staminihus 15—18, ince-

qualibiis, plerisque geminatis, anther is .glabris, filamentis basi hiisutis brevissimis ; floribus

femineis solitariis vel binis, staminodiis 4—10, glabris, ovario 8-loculari, ferrugineo-pidiescente,

fructihus subglobosis, glabrescentibus, seminum albumine nan ruminate.

Alph. DC. Prodr. Tin. p. 234. n. 62 (1844), Decaisne in Nouv. Ann. Mus. iir. p. 406 (1834).

Cargillia laxa, R Br. Prodr. p. 526. n. 1 (1810), Alph. DC. Prodr. Viii. p. 243. n. 2 (1844),

Benth. Fl. Austr. iv. p. 287 (1869).

Cargilia maritima, Hassk. Cat. PI. Hort. Bot. Bogor. II. p. 159 (1844).

Cargillia megalocarpa, F. Muell. Fragm. v. p. 163 (1866).

Maba megalocarpa, F. Muell. I.e.

Diospyros tetrandra, Spanoghe ! in Linnaea XV. p. 336 (1841), non mihi.

Biospyros megalocarpa, F. Muell. Austral. Veg. in Intercolonial Essays, 1866

—

67, p. 35

(1867).

A small tree 8—10 feet high with moderately thick trunk, dense head and drooping

branches, or a handsome tree attaining 50 feet, glabrous except the buds and inflorescence

;

27—2
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branches and shoots terete, rather slender. Leaves oblong or oval, coriaceous or thinly so,

of nearlv same colour on both sides, shining above, alternate, usually rounded or obtuse

near base, obtuse at apes, 2—10^ in. long by 1|—3iin. wide, often with 2 glands at base

near the petiole
;

petioles i—i in. long ; midrib depressed above ; lateral veins rather clear

beneath, raised and not conspicuous above. Bracts several, rather small, on very short

stalks.

J. Flowers 3—7 together, crowded, subsessile, |in. long in bud, elongate-campanulate.

Calyx campanulate, 4—5- rarely 3-toothed at the apex, silky-puberulous on both sides,

I in. long, coriaceous ; lobes J depth of calyx, depresso-deltoid. Corolla 4-fid, silliy outside,

2—4 times the length of the calyx, tubular, |in. long. Stamens 15—IS, inserted at base

of corolla, mostly in pairs, unequal ; filaments very short, hirsute at base ; anthers lanceolate-

subulate or oblong, glabrous
;
pollen white, globose. Ovary rudimentary, hairj-.

9 . Flowers 1—2 together, subsessile, about | in. long in bud. Calj'x like ^ but

thicker especially in fruit. Corolla frds 4-fid. Staminodes 4—10, glabrous. Styles 4, short.

Ovary ferruginous-pubescent, 8-ceUed ; cells 1-ovuled (4-celled, cells 2-ovuled according to

R. Brown). Fruiting calyx broadly cup-shaped or flatly appressed to base of fruit, 4—5-

1 jbed, coriaceous, about | in. across, often i in. high. Fruiting peduncle very short and

much thickened and continuous with calyx. Fruit depresso-globular, glabrescent, |—1 in.

high by f—1 in. thick, 4 (?) -celled and seeded, marked at the apex by remains of short style.

Seeds nearly lin. long, somewhat compressed, brown and shining; albumen white, not

ruminated. Radicle longer than the ovate cotyledons.

N. Australia, Gulf of Carpentaria, opposite Groote Island, B. Brown! ; Escape Cliffs,

JTuUs; Queensland, Cape York, TF. Hill! ; Timor, Zippelius, Pecai'sne .' , Gaichenol! , Spanorfhef;

S. Java, Elume ! , Zollinger! n. 1833; Java, Leschenault ! ; Straits of Sunda, Ld. Macartney!

Java, Hasskarl! ; De Vriese and Teijsmann! 1859—GO. Menado, Celebes, poisonous tree.

Teijsmann and De Vriese!.

83. DiosPYROS PHILIPPINENSIS, Alph. DC. Prodr. VIII. p. 231. n. 43 (1844).

D. foliis alternis, ovalibus, apice obtuse acuminatis, hasi angustatis, tenuiter coriaceis,

glabrescentibus, breviter petiolatis ; Jloribus femineis 1

—

S-nis, breviter cymosis, bracfeatis, tetra-

vieris, pubescentibus, calyce profunde lobato, corolla tubidosd, i-Jidd, statninudiis 6, leviter

pubescentibus, ovario ovoideo-conico, fulvo-pubescente, i-locidari, loculis l-oviUatis.

Young shoots buds inflorescence and underside midrib and margin of young loaves

covered with short tawny tomentum ; branches glabrescent. Leaves oval, rather shortly and

obtusely acuminate at apex, obtusely narrowed at base, thinly coriaceous, alternate, gla-

brescent, shining above, 2i— 5 J in. long by 1^—2iin. wide; petioles ^

—

^in. long; midrib

depressed above ; lateral veins distant, slender, inconspicuous especially above.

9 . Flowers in axilhiry 1—3-flowered bracteated cymes witli several imbricated scales

at the base, or solitary near the base of the young shoots of the year; peduncles or pe-

dicels |ij5

—

I in. long ; bracts rounded, tawny-pubescent ; scales at the base of the young

shoots several, much imbricated ; flowers | in. long, tawny-pube.scent outside, erect. Calyx

I in. long, luose, glabrous and shining inside, deeply 4-fid witli rounded or sometimes api-
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culate imbricated lobes. Corolla glabrous inside, 4-fid ; tube { in. long by | in. tbick ; lobes

oval, spreading and recurved, somewhat cordate at base, round at apex, imbricated. Sta-

minodes 6 (in one flower), equal, somewhat tawny-hairy. Style very short, cut at apex.

Ovary ovoid-conical, tawny hairy ! 4-celled
!

; cells 1-ovuled ; according to Alph. DC. I. c. the

ovary is glabrous and 6- (or 6—8-) celled.

Manila, Philippine Islands, Cuming! 1142.

84 DiosPYROS PILOSANTHERA, Blanco, Fl. Filipiu. p. 304 (1837).

D. caule arboreo, foliis alternis, lanceolatis, coriaceis, glahris, hast 2

—

3-glandidosis, bre-

vissime petiolatis ; floribiis [femineis ?] axillaribus sessilibus, Q-nis vel ultra, calyce 4

—

o-lobo,

lobis revolutis, corolla calyce longiore pilosd, o-lohci, staminihus 5—6, antheris medio pilosis

[sterilihus !), stylis 4, baccd lO-spei-md.

Alph. DC. Prodr. viii. p. 237. n. 77 (1844).

A tree with bard wood. Leaves alternate, lanceolate, glabrous, coriaceous, with 2 or

S glandular depressions at the base beneath
;

petioles very short.

9 (?) Flowers axillary, sessile, 6 or more together; calyx with 4 or 5 large teeth

recurved and bordered at maturity ; corolla longer than the calyx, covered with hair outside,

naked at tlie throat, o-lobed ; stamens 5—6 ; filaments short ; anthers with a line of hairs

along the middle; stigmas 4; fruit baccate, 10-seeded, edible; like a small guava; seeds

horny, semicircular and thin at the two sides, and convex on the exterior.

Philipijine Islands, Blanco.

85. DioSPYROS LANCE^FOLIA, Roxb. Cat. PL Fl. Ind. (1813).

D. foliis alternis, oblongis vel lanceolatis, apice acuminatis, basi angustatis, conaceis,

glahris; Jloribus masctdis fasciculatis, dense cymosis, 3

—

o-nis, pubescentibus, tetrameris, calyce

campamdato, corolla tuhulosd, staminibus 14—16, geminatis, incequalibus, subglabris ; Jloribus

femineis solitariis, subsessilibus, axillaribus, 4

—

b-ineris, staminodiis 8—10, ovario pubescente,

8-loculari, fructibus subglobosis, tomentosis, seminum albumine non ruminato.'

FL Ind., Edit. 1832, vol. il. p. 537; Eoxb. drawings no. 2508; Alph. DC. Prodr. viii. p. 232.

n. 46 (1844).

D. multiflora. Wall. List, n. 4144 (1828—1832), Alph. DC. Prodr. viii. p. 231. n. 45,

non Blanco.

(?) B. amcejia. Wall. List. n. 4139 (1828—32), Alph. DC. I.e. p. 231. n. 44 (1844),

Ettingsh. Blatt-skel. Dikot. t. 41. f. 11 (1861).

Goolal or Goohd is the vernacular name in Sillet, ex Roxb. I. c.

A pretty large tree, furnishing hard durable timber suitable for the construction of

houses
;

glabrous except the buds under side of young leaves inflorescence and fruit.

Leaves oblong oblong-lanceolate or -ovate, more or less narrowed at base, acuminate at apex,

with midrib depressed on upper side, coriaceous, alternate, rather pale on both sides, with

veins not conspicuous above, 2—3—6—9i in. long by |—|—2 in. wide, besides petioles

I— tin. long.
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J . Flowers fascicled on very short dense cymes, 3—5 together, densely ferruginous-

pubescent, I—J in. long, tetramerous. Calyx campanulate, Jg—^ in. long, hairy on both sides,

4-fid or more shortly 4-lobed, with deltoid lobes. Corolla tubular with inflated tube, glabrous

inside; lobes spreading, shorter than the tube. Stamens 1-1, IG, united in pairs by thin

filaments and inserted at base of corolla, or hypogynous ; inner ones shorter, i—| in. long,

o-labrous except base of anthers or apex of filaments; common filaments -^ in. long; con-

nective apiculate. Ovary 0; receptacle hauy.

9 . Flowers solitary, subsessile, axillary', near together, 4—5-merous, ^ in. long, densely

tawny-pubescent ; bracts short, pubescent, imbricated. Calyx i in. high, 4—o-lobed ; lobes

with sides sometimes reflexed. Corolla-lobes cordate (ex Roxb.), imbricated. Staminodes

^—10, short, inserted at base of corolla. Style very short, about 8-lobed ; ovary 8-celled,

hairy. Fruit ovoid or globose, usually pointed at the apex, tawny-tomentose or appressedly

silky, 1 in. or more long. Fruiting calj^x pubescent on both sides, 1 in. across, with crass

somewhat concave tube and 4 or 5 lobes spreading or recurved and much thinner towards

the margins. Albumen not nmiinated.

East Bengal, Grifith! 3631, 3G34; SiUet, WalUch ! 4144, 4139 (?); Khasia, Churra,

foot of hills; Drs J. D. Hooher and T. Thomson/ 20 June 1850, in young fruit. In

Khasia? or Cachar? it is called Soi-lo and is a poison for fish, Drs J. D. Hooker and

T. Tliomsonl

86. DiosPYROS Gardneri, Thw. Enum. Ceyl. PL p. 181. n. 12 (1860).

D. foliis altemts, oblongis, apice acuminatis, basi leviter angiistatis, temiiter coriaceis, gla-

bris, breviter petiolatis; Jioribus masculis 1

—

i-nis, subsessilibus, tetrameris, pubescentibus, calyce

campanulato, corolla hypocrateriformi, staminibus 16, pubescentibus; Jioribus femineis solitariis,

ovario S-loculari, fructibus depresso-glohosis, subglabratis.

Beddome, Ic. PI. Ind. Or. (Pt. VII.) p. 27. t. 132 (1871).

Fatonia Walkerii, Wight, 111. I. p. 19 (1840).

A moderate-sized tree; young shoots puberulous, quickly glabrescent. Leaves alternate,

thinly coriaceous or submembranous, glabrous, shining above with inconspicuous veins and

channelled midrib, oblong, acuminate at apex, somewhat narrowed at base, 3—7 in. long by

1—2^ in. wide; petioles ^—| in. long; lateral veins depressed on the upper surface in the

thinner-leaved specimens.

S . Flowers pubescent, 1—4 together, subsessile, on verj' short axillary pubescent cj'mes.

Bracts small. Calj-x J in., campanulate, 4-fid, covered with short hairs on both sides ; lobes

deltoid. Corolla about ^—i in. long, conical in bud, salver-shaped in full flower, covered

outside with appressed ferruginous silky shiuiug hairs, glabrous inside, tube somewhat inflated

below, with 4 spreading lobea about half the length of the tube. Stamens 16 (or about 12

according to Dr Tliwaitcs), in pairs; filaments short, pilose; anthers linear, glabrous or some-

what hairy. Ovary or represented by a bunch of hairs.
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5 .
Flowers solitary, erect, axillary, i in. long

;
peduncles J in. long. Calyx | in. long,

covered with short tawny pubescence, openly campanulate, 4-fid ; lobes with undulated and
recurved margins. Corolla-lobes lanceolate, about i the length of the tube. Ovary 8-celled.

Fruit depresso-globose, about 1 in. long (unripe), glabrate or with remains of ferruginous

pubescence. Fruiting calyx accrescent, about h in. high by 1^ in. across at top ; lobes pointed

and patent at apex; tube hemispherical. The timber of this tree is valuable for building

and for cabinet-work, JDr Thwaites loc. cit.

Ceylon, Thwaites! C. P. 1908, JIacrae ! 30, Walker/, Gardner! .532, up to 2000 ft. alt.,

called Kadoombaireya-gass.

87. DiosPTROS Heubelotii, sp. nov

D. foliis alternis, ovato-ovalihi(s, apice hreiiter acuminatis, hasi obtusis, tenuiter coriaceis,

subglabratis, breviter petiolatis ; Jloribus masculis aggrerjatis, 4

—

Q-nis, subsessilihus, pubescenti-

bits, calyce breviter 4

—

o-fdo, corolla tubulosd, lobis obtusis, staminibus 13—15, filamentis bre-

vibus hirsutis.

Bushy tree 3—4 metres high
;
young parts puberulous ; branches terete, dark, at about

35°, quickly glabrescent. Leaves ovate-oval, alternate, obtusely nan-owed at base, shortly

acuminate at apes, thinly coriaceous ; dark green, glabrous and with depressed veins above

;

jjaler with few weak scattered appressed whitish hairs and with raised veins beneath ; 2—3 in.

long by 1—1| in. wide; petioles ;|—A in. long, wrinkled, glabrous; margins of leaves just

recurved.

(J. Cymes very short, 4—6-flowered, ferruginous-hairy; bracts short, hairy. Flowers

(closed in specimen) shortly and appressedly pubescent, whitish, sweet-scented, subsessile.

Calyx -Jj in. high, campanulate, 4— 5-fid, with ovate lobes. Corolla oblong, inflated in middle,

4—5-lobed at apex, glabrous inside, ^ in. long; lobes emarginate. Stamens 15, or in a tetra-

merous flower 13, inserted at very base of corolla or on receptacle, nearly equal, 3?^ in. long;

filaments pubescent, very short, more or less connate at base ; anthers linear, narrower towards

apex, with a few hairs on back; dehiscing laterally by slits. Ovary rudimentary, hairy.

Africa, Senegambia, Heudelot ! G38, October, January.

Plate V. fig. 2. A male flowering branch, natural size. a. Male flower-bud, magnified

4 diameters, h. Half the corolla laid open, shewing some of the .stamens, magnified 4 dia-

meters, c. A pair of stamens, magnified 4 diameters.

88. DioSPTROS TJNDULATA, Wall. List, n. 4136 (1828—32).

D. foliis lanceolato-obhngis, alternis, apice acuminatis, basi angustatis vel subrotundatis,

glabris, nitidis, firmiter viembranaceis, petiolatis; floribus masculis breviter cymosis, 3

—

9-nis,

ferrugineo-jmhescentibus, tetrameris, calyce i-fido, corolla tubidosd, breviter 4-lobd, lobis obtusis,

staminibus 11—14, jmbescentibus ; fioribus feniineis 1

—

3-m('s, breviter pedunculatis vel subsessi-

lihus, fructihus subglobosis, appresse pilosis, plurilocularibus, seminibus compressis, albumine nan

ruminate, calyce fructifero aucto, crasso, fructus basim ampdectente.
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AlpL DC. Prodr. viii. p. 233. n. 5.5 (1844) ; G. Don, Gen. Syst. Gard. and Bot. iv. p. 40.

n. 38 (1837).

Far. /3(?). B. macrophylla, Wall n. 4141 (1828—32), nou Blume
; foliis fructuque majoribns.

A tree ; branches glabrous or young shoots pubenilous. Leaves oblong or lanceolate-

oblong, more or less acuminate at apex, acute or more or less rounded but not subcordate

at base, firmly membranous, glabrous, shining, alternate, 3—15 in. long by 1—5 in. wide,

besides petioles \—| in. long, thinly coriaceous ; margins reflexed ; midrib depressed above

;

lateral veins inconspicuous or depressed above. Inflorescence axillary, ferruginous-haiiy.

(J. Flowers J iin. long (in bud), conic-oblong, ferruginous- hairy, sessile on 3—9-flowered

cjTnes not exceeding them in length, except in var. fi ; bracts ovate. Calyx short, 4-fid,

with deltoid acute lobes, less hairy inside except near the margins. Corolla tubular, glabrous

inside, shortly 4-lobed, with obtuse spreading lobes. Stamens 11—14, inserted on the receptacle

or at base of corolla, some in pairs, unequal except var. ^; anthers linear, hairy, sub-

sessile, filaments short, hairy. Ovary rudimentary, hairy.

9. Flowers solitary or 3 together; peduncles or cymes short, not exceeding -gin. long.

Fruit subglobose, about 1 in. long by nearly the same width, fiat at the top and slightly

umbilicate at base of style, appressedly brown-hairy, about 6-celled and 6-seeded
;
pericarp

thick
;

pulp mucilaginous ; seeds compressed, about | in. long ; albumen not ruminated

;

embryo i in. long ; cotyledons foliaceous, lanceolate, about as long as the radicle ; fruiting

calyx erect, embracing about half the fruit, very crass, hairy inside ; 4-fid, with the sinuses

nearly filled on the inner side; lobes deltoid, occasionally spreading at the tips.

Amherst, Wallich! 4136; Moulmein, Pa?-is/t/; Malacca, Griffith/ 3G19, 3636, Maingay

!

977. Var. ^. Tavoy, Wallich! 4141; Mergui, Griffith!; Malacca, Maingay! 974.

89. DiosPYROS MULTIFLORA, Blanco, Fl. FiHpin. p. 803 (1837), non Wall.

D. foliis aUeniis, lanceolato-ohlongis, apice obtusis, basi cuneatis, coriaceis, subtus jmberiilis,

petiolutis ; Jloribus masculis 8-7iis, acjgregatis, brevis.nme ajmosis, pubescentibus, calyce 4

—

o-fido,

corolld tubulosd, apice lobatd, staminibus 15—IS, filamentis hirsutis, antheiis glabris ; fructibus

venenosis.

Diospyroa Canomoi, Alph. DC. Prodr. viii. p. 237. n. 78 (1844).

D. Lotus, Blanco, Fl. Filipin. edit. ii. p. 210 (1845), non Linn.

A tree, glabrous except the buds, inflorescence and underside of leaves ; branches terete,

dark ; leaves lanceolate-oblong, alternate, coriaceous, obtu.sely lanceolate or rounded at apex,

cuneate at base and often with 2 glands on the upper side, glabrous with depressed and

not conspicuous veins above, tomentose-puberulous, subglabresccnt beneath, 6—8 in. long by

IJ—2i in. wide; besides petioles J—i in. long; margins revoliite.

<J . Flowers ferruginoiis-pubesccnt, f in. long, axillary in clusters of about 8 each, sessile,

in very short ferruginous-pubescent cymes, tetramerous or pentamerous. Calyx -^ in. long,

4—5-tid, ferruginous-tomentose on both sides; lobes deltoid, spreading in flower. Corolla

glabrous inside, lobed at apex, rather fleshy, ^ in. long, tubular. Stamens 18 (in one case),
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15 or more, hypogynous or at base of corolla, more or less combined at base by their

hairy filaments ; anthers linear, apiculate, glabrous. Ovary 0.

?. Fruit poisonous; reported to intoxicate fish; "even the crocodile it causes to rush

from the water hurriedly." Flowers sweet-scented. By rubbiug the bark and leaves on
eruptions, it is said that the latter disappear.

Local names Canomoi, Canomai.

Philijjpine Islands, Cuming! 1829, Blanco.

90. DrosPYROS biflora, Blanco, Fl. Filipin. p. 303 (1837).

D. foliis alternis, lanceolatis, glahris, subcoriaceis, Ireviter petiolatis ; floribus masculis

axillaribus, hini^, calyce campanulato, S—i-lobo, corolla carnosd cainpanulato-ohlongd, ^-lobd,

staminihus 17—30, corollts had insertis, filamentis Irevissimis lanuginosis, ovarii rudimento

pubescente.

Alph. DC. Prodr. viii. p. 237. n. 76 (1844).

A tree of 30 feet high. Leaves alternate, lanceolate, quite glabrous, entire, subcoriaceous,

with only 2 glands at the base below; petioles very short and without glands.

3 . Flowers axillary, 2 together, with a strong smell. Calyx campanulate, 3—4-lobed.

Corolla fleshy, double the length of the calyx, inflated in the middle and naiTowed above,

forming a throat, with 4 reflexed lobes. Stamens 17—30, inserted on the corolla and not

reaching the throat ; filaments very short, woolly ; anthers very long. Ovary hairy ; style

very short ; stigma and fruit wanting.

Philippine Islands, Blanco, Tagatog name Talang ; flowers in June.

91. DiOSPTROS (?) PARVIFOLIA, sp. nov.

D. foliis alternis, obovatis, apice rotundatis, basi cuneatis, coriaceis, glabrescentibus, nitidis,

parvis, breviter petiolatis, venis inconspicuis ; floribus masculis solitariis, suhsessilibus, axilla-

ribus, pubescentibus, calyce campanulato, trilobo, corolld i-fidd, staminihus 12, glahris, corollce

basi insertis, biserialibus, antheris ajnce dehiscentibus, ovarii rudimento ferrugineo-hirsuto.

Branches cinereous, at about 30", the younger ones rufous-hispid at first, subsequently

whitish-hairy, iiltimately glabrate. Leaves alternate, obovate or obovate-oblong, rounded at

apex, cuneate at base, hairy beneath when quite young, quickly glabrescent, coriaceous,

with margins just reflexed, without conspicuous veins, shining, J—§ in. long by \—\ in.

wide, including petiole -^—12^- ^^^a-

i . Bracts rufous-hairy, ovate or lanceolate ; flowers solitary, subsessile, rufous-hairy,

axillary ; calyx J,,—1- in. long, campanulate, 3-lobed, rufous-hairy on both sides, lobes ^ depth

of calyx, rounded; corolla openly campanulate, covered with silky ferraginous hairs out-

side, glabrous within, iin. long (when straightened), 4-fid with reflexed and somewhat

emarginate lobes ; stamens 12, glabrous, inserted at or near base of tube of corolla, in

2 rows, distinct, the inner ones at a lower level, filaments -^—^ii"- l^j^g; anthers ^in.

long, dehiscing laterally by apical pores; ovary rudimentar}^, represented by a bunch of

ferruginous hairs.

Madagascar

!
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92. DiOSPTROS BUXIFOLIA.

D. foliis alternis, ovato-ellipticis, vtrinque angustatis, coriaceis, sujjra lucidis, siihtm se-

nceo-puhescentihus, suhsessilihus, confertis, nervis inconspicuis ; florihus axillanhus, suhsessilihus,

maseulis 3

—

i-nis, confertis, femineis solitariis, calyce 4:-fido, corolla i-Jidd, hreviter et late

campanulatd, intus glahrd, staminibiis 10—16, geminatis, glabi-is, in flore femineo ; antheris

apice rimosis ; ovario femineo 4:-loculari superne j)ubescente inferne glabra, loculis 1-ovidatis

;

fructibus oblongis, 1

—

1-spermis, albumine non ruininato.

Leucoxyhnn huxifolium, Bl. Bijdr. Fl. Ned. Ind. p. 1169 (1826); Clioisy, Mi^m. Temstr.

p. 43. t. 2 (1855) ; Miq. Fl. Ind. Bat. p. 1049 (1856).

Diospyros microphylla, Bedd. Ic. PI. Ind. Or. (vii) p. 27. t. 133 (1871).

A large tree with glabrescent terete branches and straight trunk. Young shoots and

inflorescence covered with pale ferruginous pubescence. Leaves distichous, close together,

easily falling (in dried state), firm, occasionally minutely peUucid-punctate, the younger ones

silky beneath, without conspicuous veins, ovate-oval, narrowed at both ends, subsessUe,

I—2 J in. long by ^—g^in- '^^'ide; midrib depressed and often puberulous above. Flowers

dioecious.

cj . Flowers 3 or 4 together, subsessUe, very short axillary cymes ; flower | in. long,

tetramerous. Calyx y^in. high, covered with short hairs, having 4 rounded imbricated

lobes :^in. deep. Corolla Tjjin. high, with 4 rounded apiculate reflexed lobes ^in. deep,

hairy along middle lines outside. Stamens 10—16 (16 ! in all the flowers examined), glabrous,

united by their filaments in pairs, the inner ones the shorter ; anthers ovate or oblong,

dehiscing at apex ; filaments slender, equalling or exceeding the anthers, inserted at base of

corolla. Ovary rudimentary, hairy.

9 . Flowers solitary, subsessile. Cal3TC 4-fid, with rounded lobes much imbricated in

bud, pubescent outside; corolla ^in. long, 4-fid, hairy outside; staminodes 0. Ovary 4-

celled, ellipsoidal and glabrous below, conical and pubescent above, cells 1-ovuled ; style

bipartite, short. Fruit cylindrical or oblong, conical at apex, dry, 1-celled, 1- rarely 2-

seeded, ^—|in. long by ^—Jin. wide, pointed, glabrous and shining or subglabrous or

fulvous pubescent at apex resting at base on small spreading pubescent or ciliate calyx

;

albumen cartilaginous not ruminated ; cotyledons about equalling the radicle.

Malacca, Maingay ! 906 "ovary rudimentary 4-lobed ;" Java, Blume ! , Zollinger! 3247,

3438; India, S. Canara, &c., Major Beddome ! ; Borneo, 0. Beccari! n. 1973.

Major Beddome I.e. states that the S. Canara plant has the habit of Leucoxylum

huxifolium, Miq., but he does not regard his plant as the same species •n'ith it. According

to Zollinger in the Obs. Bot. Nov. p. 18 (1857) the flowers in both sexes are usually

pentamerous, the stamens usually 10, free, and the ovary apparently 2-celled.

93. Diospyros Vescoi, sp. nov.

D. foliis alternis, obovatis, apice rotundatis, last angustatis, cariaceis, suhtus puberulis,

inconspiciie reticulatis, confertis, jtetiolatis, margine revolutis ; fioribus maseulis axillanbm,

hreviter cymosis, calyce laze hemisphcenco, 4:-Jido, extu^ tomentoso, corolld campanulatd utrinque
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tomenfosd, hreviter 4- rarius 3- vel o-fidd, lohis ohtusis, staminibiis 13—16, plerisque geminatis,

corollce had insertis, antheris glahris, apice rimosis, filamentis tomentosis, ovario rudimentario.

Young parts ferruginous, shortly pubescent ; branches pale, cinereous, terete. Leaves

alternate, obovate, rounded or emarginate at apex, narrowed or nearly rounded at base,

coriaceous, puberulous with curved hairs on both sides especially beneath, crowded, 1—3 in.

long by I—1| in. wide
;

petioles \
—\ in. long, puberulous, margins revolute, reticulated with

delicate inconspicuous veins in faint relief on both sides, midrib slightly depressed above.

S . Inflorescence axillary on young shoots, \—| in. long, ferruginous, pubescent with

short hairs; peduncle ^—gin. long; pedicels -^—iin. long; flowers I—Jin., openly cam-

panulate ; calyx \
—\ in. long, hemispherical, tomentose outside, 4-fid, sometimes unequally

so, lobes widely ovate-deltoid ; corolla campanulate, shortly 4-fid, occasionally 3- or 5-lobed,

tomentose on both sides, lobes ovate-oval, obtuse; stamens 13—16, all or mostly in pairs,

inserted near base of corolla, inner ones shorter, anthers glabrous, equal, lanceolate, acu-

minate, filaments tomentose ; ovary rudimentary, receptacle tomentose.

Madagascar, Port Leven, Vesco ! , St Marie, Boivin ! 2539 h.

94. DiosPYROS MoRRisiANA, Hance ex Walp. Ann. iii. p. 14 (1852).

D. foliis ovalibus, alternis, apice acuminatis, basi angustatis, tenuiter- coriaceis, glahris,

petiolafis ; florihus masculis 3-nis, hreviter cymosis, tetrameris, calyce utrinque puhescente,

4<-fdo, corolld urceolatd, hreviter 4!-lobd, lohis ohtusis, staminihus 16—25, soepius 20, p)lerisque

geminatis, corolla basi insertis, antheris linearibus, puhescentihus, ovarii rvdimento glabra;

fructihus glahris, nitidis, subglohosis, 'i-locularihus, locuUs monospermis, seminum alhumine non

ruminato, calyce fructifero patente, subglahro.

A shrub (or tree ?) quite glabrous except the buds inflorescence and extremities ; branches

dark, terete, spreading at about 30°— 35°. Leaves oval, acuminate at apex, more or less

narrowed at base, glabrous, alternate, thinly and firmly coriaceous, with recurved margins,

2—3i in. long by 1

—

\\ in. wide, besides petiole \
—h in. long ; shining above ; veins few

and slight

$ . Flowers whitish, \—J in. long, tetramerous, 3 together on short drooping ferruginous-

hairy axillary cymes
;
iieduncles and pedicels each about -jV in. long ; calyx ferruginous-hairy on

both sides, 4-fid, yj^in. long, erect-patent, with deltoid lobes; corolla about -j^jin. long, tu-

buloso-urceolate in flower, ovate-conical in bud, lobes -j^ in. long recurved, obtuse ; stamens

numerous, 16—25, usually about 20, mostly united in pairs, outer ones the longer, inserted

at base of corolla, about i in. long ; anthers linear, apiculate, hairy, dehiscing from apex

;

filaments short, glabrous; ovary rudimentary, glabrous.

9 . Flowers unknown. Fruit glabrous and shining, yellow, nearly globular, J—| in. in

diameter, 4-celled ; cells 1-seeded. Fruiting calyx nearly flat, nearly glabrate, ^in. across;

seeds ^in. long, compressed, chestnut-coloured; albumen cartilaginous, not ruminated. The

male flowers appear in May ; the fruit gathered in December is edible.

Hong Kong, Hance! no. 460, G. Wright! 313.

28—2
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95. DiosPTEOS SQUAMOSA, Boj. ex Alph. DC. Prodr. viil. p. 232. n. 49 (184-1).

D. foliis altemis, ovalihus, idrinqiie ohtusis, glabemmis, coriaceis, petiolatis ; jlorihus

masculis, 1—3- scepius 3-nis, sessilibus, bracteis amjilis ovato-rotundalis imhricatis calyce vix

brevioribus, calyce campanulato 4

—

5-Jido, corolld breviter i-fidd infundihidiformi, staminibus

22, corollcB basi insertis, filamentis pubescentibus ; fructibus cuhico-globosis glabris, apice excepto

calyce -i-jido aucto ferrugineo-sericeo occultis, stylis 4 brevibus glahris.

Branches glabrous. Leaves alternate, oval, ratber obtuse at both ends especially at

base, coriaceous, quite glabrous, flat, 3^— 5 in. loug by 1^—Ifin. wide; petioles ^in. long;

venation delicate, in rehef on upper surface.

<J . Flowers 1—3 together, sessile, rather more than i in. long, arising from points on

the branchlets rather above the (scars of the fallen) leaves ; bracts 5—6, imbricated, -J,—| in.

long, the outer ones the shorter, roundly ovate, scarcely falling short of the calyx, ferru-

ginous-tomentose at the margins. Calyx campanulate 4—o-fid or shortly lobed, ^

—

^ in.

long, ferruginous-pilose outside, lobes widely ovate, erect-patent. Corolla funnel-shaped, shortly

4—o-fid (?), subglabrous, exceeding the calyx, lobes obtuse. Stamens 22, inserted at the

base of the corolla ; filaments short, pubescent, frequently united in pairs.

9 . Fruit cubic-globose, glabrous, | in. high, concealed except at apex by accrescent

calyx; styles 4, short, glabrous. Fruiting calyx crass, ferruginous-sericeous, 4-fid, fin. across,

tube tetragonal fin. high, lobes shortly ovate spreading.

Madagascar, near Foul-pointe, Helsonherg

!

; Chapelier ! Local name, Valanguiran.

96. DiOSPYROS COMOEENSIS, .sp. nov,

B. foliis altemis, ellipticis, apice scspius acuminatis, basi angustatis, coriaceis, glabrescen-

tibus; Jloribus masculis 3—4-«i's, breviter cymosis, tetramei-is, calyce laxe cyathiformi, ^-fido,

corolla urceolatd glabrd carnosd hreviter 4i-lobd, staminibus 16 geminatis glabris corollce basi

irisertis, ovarii rudimento glabra.

Young parts pilosely pubescent ; branches brown, scarcely terete. Leaves alternate, ellip-

tical, coriaceous, narrowed at base and usually acuminate at apex, bluish brown above with

cleanly depressed midrib and inconspicuous lateral veins, brown beneath with inconspicuous

veins, nearly or quite glabrous, 2—2i in. long b}' |—14 in. wide including petiole J in., often

conduplicate in specimen.

S . Cymes axillary 3—4-flowered, about \ in. long, pilose, subfen-uginous, recurved, pedicels

))—^ in. long ; flowers ^^—| in. long, tetramerous, ovoid in buds ; calyx \
—\ in. long, pubescent

on both sides, 4-fid, lobes erect-patent, deltoid ; corolla ^5—| in. long, narrowly ovoid in bud,

glabrous, fleshy, lobes much imbricated; stamens 16, placed in pairs in two rows at base of

corolla, glabrous, ^—j'j ^°- long; anthers linear longer than the filaments, pollen somewhat

4- (?) sidedly ellipsoidal. Ovary rudimentary, glabrous. Female plant at present unknown.

Comoro Lslands, Mayotte, Boivin!

97. DiOSPYROS MONTANA, Roxb. CoFomaud. p. 37. t. 48 (1795).

D. trunco ramisque interdum spinosis, foliis altemis, ovalihus vet ovatis, apice

obtusia vel acutis, basi interdum coi'datis, tenuiter coriaceis, pulescentibus vel glabrescentibus.



Mr HIERN, on EBENACEiE. 221

deciduis, petiolatis ; florilus masculis breviter cymosis, tetrameris, glahrkisculis, calyce late

campanulato, profunde i-Jido, lohis ovatis, ciliatis, corolla urceolatd, hreviter 4:-lobd, staminibus

16, geminatis, glahris vel subglahris, corolla} basi insertis ; Jioribus femineis solitariis,

breviter pedunculatis, staminodiis 4— 12, glabris, ovario glabra globoso, 8-loculari, loculis

1-ovulatis, stylis 4, glahris, seminibus 2—8, albumine non ruminato; calyce fructifero

pauluvi aucto, plus minus reflexo.

Wall. List n. 4115, Alph. DC. Prodr. viii. p. 230. n. 34 (1844), Wight Ic. t. 1225 (1850).

D. cordifolia, Roxb. I. c. p. 38. t. 50 (1795) ; Wall. List n. 4116 ; Alph. DC. I. c. n. 36

;

Wight, lUustr. Ind. Bot. Vol. Ii. t. 148 (1850).

D. rugosula, R. Br. Prodr. p. 526 (1810).

n. hracteata, Roxb. Cat. PI. Fl. Ind. (1813); Fl. Ind. edit. 1832, Vol. ii. p. 539 ex

specimine in Hb. Mart.
!

; Alph. DC. I. c. p. 239. n. 93.

D. heterophylla. Wall. Cat. Burm. 599, List n. 4138 (1828—32), Alph. DC. I. c. p. 230. n. 39.

D. sylvatica, Wall. List n. 4117! (1828—32), /3 velutina, Alph. DC. I. c. p. 231. n. 41 var.,

non Roxb.

D. punctata, Decaisne, in K Ann. Mus. Hist. Nat. III. p. 407 (1834) ; Herb. Timor. Discr.

p. 79 (1835) ; Alph. DC. I c. p. 230. n. 37.

I), rugidosa, Alph. DC. Prodr. Viii. p. 229. n. 32 (1844).

D. Goindu, Dalz. in Kew Journ. iv. p. Ill (1852).

D. Waldemarii, Klotzsch in Waldemar Reise, p. 101. t. 55 (1862).

Yerra-gada of the Telingas (R. montana, Roxb.) ex Roxb. I. c. ; Kah-woolymera of the

Telingas (R. cordifolia, Roxb.) ex Roxb. I.e.; Vakanoi, Neilygerry Mts., base, Leschanault

!

198 (large tree), seen in Hb. Mus. Paris; Tutnala, the Sanscrit name, Bun-Gaub,

in Bengal, ex Roxb. Fl. Ind. (edit. 1832) vol. II. p. 538 ; Kala Goindu in Canara,

Kala Nuddi, teste Dr Ritchie ; Mahar Kend, Hindwi dialect of Behar, ex Hamilt. in

Tran. Linn. Soc. XV. p. 113 (1827) ; Gavindu or Goindu, ex Graham, Cat. PL Bomb,

p. 108 (1839) ; Jugalagunti (signifies scolding wife), ex Buchanan, Journey, vol. I. p. 183 (1807).

A tree often with spines scattered over the trunk and larger branches; young

branches softly pubescent, of a pale colour. Leaves oval, oblong, obovate, or ovate-oblong,

alternate, sometimes cordate at base, thinly coriaceous, of nearly the same yeUowish-green

colour (in the dry state) on both sides, softly pubescent or glabrescent beneath, softly

pubemlous or glabrous above, with depressed midrib and weak veins, deciduous, 1—4

—

5 in. long by ^—2—2V in. wide
;

petioles ^—J in. long, pubescent or glabrescent. Flowers

white, scentless.

(J . Cymes 3-flowered or panicled, J—f in. long, patent or recurved ; bracts ovate,

ciliate, tj^ in- long; at base of the pedicels; flowers I—fo i'^- l°°o- Calvx J or ^ length

of flower, deeply 4-fid, on both sides pubescent or nearly glabrous, with deltoid or

rounded ciliated lobes. Corolla urceolate, shortly 4-lobed ; lobes rounded, recun^ed
; glabrous

or nearly so. Stamens 16, united at base in 8 pairs and inserted at base of corolla,

glabrous or very nearly so, with very short hairs, appearing at mouth of open corolla.

Ovary rudimentary, glabrous except apex.

9 . Flowers solitary, |—j in. long, on recurved peduncles -j^,—J in. long, which bear

small caducous bracts. Calyx puberulous or nearly glabrous, deeply 4-fid, i—^ in. long.
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vdth imbricated often ciliated lobes. Corolla rather exceeding the calyx, glabrous, 4-fid.

Staminodes 4, 8, 12, glabrous. Ovary glabrous, globular, 8-celled, cells 1-ovuled ; styles 4,

glabrous, bifid at apex. Fruit globose, i

—

1^ in. in diameter, glabrous and shining ; fruiting

calyx more or less reflexed, somewhat accrescent; seeds 2—6—8, albumen not ruminated

(in D. rugosula, R. Br., there are two contiguous slight intrusions of the testa along

the outer side of the seed). The wood is dark-coloured or variegated, hard and durable.

Dr Dalzell states that bees are very fond of the flowers.

There are two principal forms

:

a. montana proper. D. viontana, Roxb., D. Goindu, Dalz., D. heterophylla, Wall.

Leaves oval, 3—i in. long. <5 flowers panicled, with calyx glabrous except ciliate margin.

9 flowers with 4 staminodes.

/3. cordifolia. D. cordifolia, Roxb., D. punctata, Decaisne, D. rugosula, R. Br., D.

Waldemarii, Kl. Leaves oblong, often cordate at base, 1

—

2h in. long. (J flowers 3

together with hairy calyx. 9 flowers with 8 (Z>. Waldemarii) or 12 staminodes.

India, Madras, SJiuterf; Othacalmundapum, Kew list 1724!; Patna, Dr Ritchie! 1240;

Moradabad, Dr T. Thomson! 985; Bottler! 361; Sirhind, Dr T. Thomson!; Bengal,

Edgeworth! 6006; Ambala, Edgetvorth! ; Pinjor Valley, Edgeworth!; Ceylon, Thwaites! C. P.

1909; sea coast, Tinnevelly district, Kew list 1717!; Pondich^ry, Perrottet! Sikkim, Dr
Hooker!; Courtallum, Kew list 17131, 1726!; Bombay, Dalzell/; Concan, Dr Stocks!;

Canara, Dr Ritchie! 970; Belgaum, Dr Ritchie 972; Himalaya, Hoffmeister, teste KL
I.e.; Ava, Wallich! ; India, Magadi, Hejuru, S. W. Mysore. Timor, Decaisne! N.Australia,

Victoria River, F. Mueller!, Carpentaria, R. Brown! ; Australia, Port Darwin, Schultz! n.

607, 608. The natives are prejudiced against this tree. Buch. Ham. Journey, vol. i.

p. 183, vol II. 125.

Cfr. Diospyros sp. Bedd. in Clegh. For. 259 (1861), Muchi tanki; a very hard light-

coloured wood, Godavari forests, Madras.

98. Diospyros Zollingeri, sp. nov.

D. foliis alternis, ohovato-ohlongis, apice acuminatis, hasi p)l6risqtLe rotundatis, coriaceis,

glahrescentihus, petiolatis; fiorihus masculis axillarihus cymosis tetrameris, fulvo-puhescentihiis,

calyce campanulato, lobis deltoideis, corolld hreviter A-fidd, campanulatd, staminibus 16,

geminatis, glahriusculis, ovarii rudimento glabra.

Young parts and inflorescence puberulous or pubescent. Leaves alternate, obovate-

oblong, acuminate at apex, usually rounded at base, glabrescent, 4—8 in. long, by 1—2J

in. wide; midrib and lateral veins depressed above and in clear relief beneath; petioles

about \ in. long.

<5. Inflorescence in short cymes axillary or in the axils of fallen leaves. Abortive

buds in some cases are arranged in a panicle. Flowers tetramerous, tawny-pubescent;

calyx campanulate, f^in. high by ^ in. wide, 4-fid, nearly glabrous inside, lobes deltoid;

corolla (in bud) Jin. long, ovoid, shortly 4-lobed, appressedly pubescent; stamens 16,

united in 8 pairs at the top of the filaments, nearly equal, inserted at the base of the

corolla, not quite glabrous, but with short hairs on the back of the anthers and on the
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upper part of the filaments; anthers dehiscing widely on both sides downwards from

apex, pollen subglobose, smooth; ovary rudimentary, glabrous.

Java, Zollinger! n. 26ol. A specimen from Assam, collected by Col. Jenkins, has

also abortive buds arranged in a considerable panicle; it does not however appear to belong

to this species, having a somewhat different foliage, resembling in this respect D. variegata, Kurz.

99. DiosPTKOS CILIATA, Alph. DC. Prodr. viir. p. 229. n. 31 (184.4), non Rafin.

D. foliis alternis, ovato-ellipticis, hasi obt'tsis, apice acuminatis aciitisve, ciliatis, membra-

naceis; fioribus femineis axillaribus, breviter pedicillatis, tetrameris, calyce partita, lobis ova-

tis obtusis, corolla campanulatd.

Branches glabrous. Leaves alternate, ovate-elliptical, obtuse at base, acuminate or

acute at apex, ciliate, 2

—

Sin. long (including petiole
f*^ in. long) by 1—IHn. wide,

membranous, with the nervation of the leaves as in D. virginiana except that the

margin is ciliate and the acumen is usually acute.

? . Flowers axillary, on glabrous pedicels much shorter than the petiole or flower,

tetramerous or sometimes pentamerous, ^ in. long. Calyx 4-partite, silky inside at base,

with ovate obtuse reflexed lobes; corolla glabrous, campanulate, narrower above, 4-fid, with

obtuse lobes. Styles 4, united to the middle, glabrous, longer than the calycine lobes.

Fruit edible.

S. Mexico, Favon!

100. DiosPYROS Lotus, Linn. Sp. PI. p. 1057 (1753).

D. foliis alternis, ovalibus, utrinque scepius obtusis, submembranaceis, suhtus scepe pallidiori-

bus et pubescentibus, petiolatis; fioribus masculis 2—3-7i{s brevissime cymosis, subsessilibus,

urceolatis, 4- rarissime 5-meris, axillaribus, calyce canvpanulato, lobis acutis, corolla breviter

lobatd, staminibus 16, geminatis, antheris glabriusculis, filamentis glabris; fioribus femineis

solitariis, stanvinodiis 8, ovario apice excepto glabra, 8-locularibus, fructibus subglobosis,

edulibus.

Pallas, Fl. Ross. t. 58 et t. 59 fig. inferior, torn. I. pars. ii. p. 20 (1788).

Poir. in Lam. Encycl. Meth. vol. V. p. 428 (1804), t. 858 fig. inf. (1823).

Nouveau Duhamel, vol. vi. p. 83. t. 26 (1801—19).

Turpin, Diet. Sc. Nat. Planch, vol. iii. t. 65 (1816—29).

Alph. DC. Prodr. vin. p. 228. n. 28 (1844).

Reichenb. PI. Ic. FI. Germ, et Helv. (svii) t. 1079 (1855), non Lour. Fl. Cochinch.

p. 226 (1790).

Ermellinus, Cesalp. De Plantis, lib. III. cap. XXI. p. 104 (1583).

Pseudolotus, Camer. Epit. p. 156 (1586).

Lotus africana altera, Camer. Epit. p. 157 (1586).

Lignum Vitce, Gerarde Herball, p. 1309 (1597).

Guaiacum patavinum, Gerarde Herball, p. 1310 (1597).
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D. Kali, var. /8. Thunb. Fl. Japon. p. 158 (1784), var. 7. glabra, Alph. DC. Prodr. YIII.

p. 229. n. 30 (1844) ; non Llun.

B. microcarpa, Sieb. in Ann. Soc. Hortic. Pays Bas 1844, p. 28,

D. japonica, Sieb. et Zucc. in Abh. Bayer. Acad. lY. 3. p. 136 (1846).

D. Umlovol; Griff. Itin. Not. p. 355 n. 137. (184S).

Dactylus trapezuntinus, Forskal Fl. iEgypt.—Arab. p. XXXVI. (1775).

A dicEcious moderate-sized tree or shrub, from 15 ft. high upwards; bark dark, rough,

scored, but less so than in D. virginiana, L.; young parts pubescent. Leaves alternate,

submembranous, more or less elliptical, usually paler beneath and often pubescent, 2—6 in.

long by 1

—

2.\ in. wide; petioles I—| in. long. Flowers tetramerous, or by exception

pentamerous, axillary.

£ . Flowers subsessile, 2—3 together, about | in. long, urceolate. Calyx campanulate,

about ^ in. long, shortly 4-fid; lobes ovate, acute. Corolla urceolate-oblong, nearly or quite

glabrous, ^rd way 4-lobed; lobes ciliate, obtuse, recurved. Stamens 16, combined by their

glabrous filaments in 8 pairs; two pairs opposite each corolla-lobe; each pair consists of a

shorter inner and longer outer stamen; filaments inserted at base of corolla-tube; anthers

not quite glabrous. Ovary rudimentary.

9 . Flowers solitary, subsessile, wider than in the g . Calyx ultimately spreading.

Corolla often remaining at apex of the young fruit, urceolate, yellowish white. Staminodes 8,

in one row inserted at the base of the corolla, hairy. Ovary glabrous, except at apex from

which 4 hairy lines often descend down the fruit, 8-celled, cells 1-ovuled ; styles 4, some-

what pubescent below. Fruit subsessile or apparently sessile, often with a glaucous tinge,

subglobose, I—^ in. thick ; fruiting calyx spreading, h—5 in. across, with a ring of short

dense appressed silky hairs on the inside below the fruit. Flesh of the fruit astringent.

Naturalized in the countries on the shores of the Mediterranean Sea. Russia in Asia,

Pallas, called Kurma by the Persians, Chunna or Kard-churma in Tartary, Dikoi Phenik

in Astracan; Asia Minor, Zohrab / ; Turkey in Asia, Lazistan, near Rliize, spontaneous,

Boissier! n. 1464; Caucasus; China, Hance! n. 13753, Canton; Pekin Mountains, Bunge

;

Zsing Yune Pass, along North river, about 120 miles from Canton, Hance; Affghanistan,

Griffith! n. 1289; N. W. India, common on the Huzara from 3000—6000 ft. alt., male plant

called Gwaladar, female Amlok, Dr Stewart! n. 424; Tsu-sima Island, Straits of Corea,

Wilford!; Japan, Nagasaki, Oldham! n. 529, called Sinanokaki.

101. D10.SPYEOS VIRGINIANA, Linn. Sp. PI. p. 1057 (1753).

D. foliis altei-nis, ovalibus, utrinque ohtusis, suhviemhranaceis, pubescentibus vel glabrescen-

tibus, petiolatis, jlorihus masculis 1

—

S-nis, breviter cymosis, axillaribus, 4- rarius 5-meins,

urceolatis, calgce canipanulato, lobis lanceolatis, coroUd breviter lobatd, staminihus l(i, geminatis,

paulum pubescentibus; Jloribus femineis solitariis breviter pedunculatis, stantinudiis 8, ovario

apice excepto glabra, 8-locularibtis, fructibus subglobosis, edidibus.

Gaertn. fil. Carp, (iii) p. 138. t. 207 (1805).

Michaux, Arb. Amer. Septr. 11. p. 195. t. 12 (1812).

CoUin, Forslag af nagra Nord-americas Triid, p. 23 (1823).
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Watson, Dendr. Brit. Ii. t. 146 (1825).

Rafinesque, Medic. Fl. N. Amer. i. p. 153. t. 32 (1828).

Alph. DC. Prodr. viii. p. 228. n. 2!) (1844).

Belgique Horticole, IV. p. 118. tab. (1854).

Ettingsh. Blatt-skel. Dikot. p. 89. t. 38. f. 12 (18C1).

Pishamin, Parkinson, Paradis. p. 570 (1G29), Theatr. p. 1523. f. 4 (1640).

D. concolor, Moench, Meth. p. 470 (1704).

D. ffuaiacana, Robin, Voyages, vol. III. p. 417 (1807).

D. pubescent, Pursh, Fl. N. Amer. p. 265 (1814), non Pars.

D. caroliniana, Muhlenb. ex Rafin. Florul. Ludovic. p. 139 (1817).

D. Fersimon, Wikstr. Jahr. Schwed. 1830, p. 92 (1834).

D. ciliata, Rafin. New Flora and Bot. N. Amer. part ill. p. 25 (1836), non Alpb. DC.

D. fertilis, Lodd. Cat. ex Loud. Arb. et Frut. Brit. il. 1197 (1838).

D. calycina, Audib. Cat. Hort. Tonn. $. ex Spach, Hist. Veg^t. ix. p. 405 (1840), non Wall. &c.

D. angusti/olia, Audib. ex Spacb, Hist. Veget. ix. p. 405 (1840).

I), lucida, Hort. ex Loud. Gard. Mag. 1841, p. 394, non Wall.

D. intermedia, Hort. ex Loud. Encycl. Trees and Sbrubs, p. 627 (1842).

A tree attaining in favourable places 60 feet in height and 20 in. in diameter in the

trunk, according to Michaux, from whom other details are taken. The trunk of full-grown

trees is covered with much and deeply-cracked blackish bark ; the sap-wood after drying

keeps a clear gi-eenish colour, and the heart is brown. The wood is hard, compact and

tough, and is used for several mechanical purposes. The inner bark is said to be useful

in intennittent fevers. Young parts pubescent. Branches spreading at 50"—60°. Leaves

alternate, submembranous, more or less oval, slightly narrowed, rounded or even slightly

cordate at base, usually shortly acuminate at apex, paler beneath and often pubescent

;

2—7 in. long (besides pubescent petiole ^—
-J-

in. long) by 1—3| in. wide. Flowers tetramerous

or occasionally pentamerous, greenish.

S. Flowers in short 1—3-flowered pubescent cymes which measure (excluding the

flowers) about |- in. long. Calyx small, about -j^ in. high, partite, hairy, with lanceolate

lobes. Corolla tubular-urceolate, \ in. long, or in subhermaphrodite flowers | in. long, lobes

one-third the length of the corolla. Stamens 16, in pairs, somewhat hairy. Ovary glabrous,

rudimentary.

$. Flower solitary, |- in. long and wide, on peduncles -j^ in. long; ovary glabrous, pilose

at apex, 8-celled, cells 1-ovuled ; styles 4, pilose at base. Fruit solitary, on peduncles a in.

long, subglobose, 1—IJ in. in diameter, glabrous, edible, tipped at apex with remains of style

;

skin thin, of a pale orange-colour when ripe, often marked externally with 4 depressed lines

running down from the apex, and with a slight pruinose bloom
;
pulp with a sweetish apricot-

like taste when ripe but somewhat astringent ; seeds 6—8, sometimes 3—5, about | in. long,

I in. broad and \ in. thick. Fruiting calyx spreading, 4-fid, occasionally 5-fid (in one case

small and trifid in a cultivated specimen), |— 1-^- in. across, subglabrous; lobes broadly ovate,

1—f in. broad, usually somewhat concave from below and not appressed to the fruit, with

recurved margins ; tube convex from above with a circular depression at its outer margin.

The fruit, which is locally known by the name of Fersimon, does not fully ripen north
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of New Jersey; it is Said to become better fit to eat after it has suffered frost, and tliea

it becomes very sweet but mawkish. Though eaten by the negi'oes, and often brought to

market, it is not a table-fruit. There is however a sweet variety {D. virginiana, L. van dul-

cis), which is said to yield a good table-fruit. " For an interesting account of the properties

of the tree and its fruit, see the inaugural thesis of the late Professor Woodhouse, of the

University of Pennsylvania." Darlington, Florula Cestrica, p. 47 (1826).

Two other inaugural essays have been devoted to the study of the fruit of this tree

;

one by Benj. R. Smith, printed in the American Journal of Pharmacy, October, 184(), pp. 161

—167, and the other by John E. Bryan, in the same journal, May, 1860, pp. 215—217. From

these essays the following results are taken. The fruit contains tannin, pectin (or perhaps

malic acid), sugar, lignin and colouring matter and neither vegetable albumen starch nor resin.

Of 600 grains of greeri persiraon there were found to be 119 grs. of insoluble resinous matter,

64 grs. of saccharine matter slightly acid, 22 grs. of ligneous matter, 1 of green colouring

matter, and the remaining 394 grs. were supposed to be water. It is further supposed that

in the young fruit lignin serves as a sort of frame-work and as a means of circulation for the

juices of the plant ; but as the fruit ripens the lignin is converted into sugar, 20 parts of lignin

producing 21 parts of sugar. The astringent principle is tannin analogous to that of Cinchona,

Catechu, &c., and different from that of galls and oak-bark ; and the fruit retains its astringency

when dried carefully.

An astringent and styptic. The inner bark is used in intermittent fever, in diarrhoea,

and with alum as a gargle in ulcerated sore throat. An indelible ink can also be made from

the fruit. (See Resources of the Southern Fields and Forests, by Dr Porcher, pp. 42.3—427,

Charleston, 1869.)

In the southern United States of N. America the fruit hangs during part of the winter on

the tree a long time after the fall of the leaves ; and when at length it too falls, it is eagerly eaten

by both wild and domestic animals. In Virginia, Carolina and the western States, the fruit

is gathered, kneaded with bran, made into cakes and baked. These cakes mixed with tepid

water serve to make beer with the addition of hops and yeast to cause fermentation. Spirit

is also distilled by further fermentation. Neither the beer nor the spirit is made for the

purposes of commerce.

This species with its varieties has a foliage exceedingly like D. Lotus, L. ; it differs from the

latter by the male cymes and female peduncles being rather longer and by the larger Howers

and fruit. Some specimens with regard to which the native countiy is imknown, though

clearly belonging to one of these species, are extremely difficult to assign to either one of

them with certainty.

Michaux also speaks of a variety with smaller fruit, compressed seeds, and leaves pubes-

cent underneath : this is D. pubescens, Pursh. Fl. N. Amcr. p. 265 (1814) and the var. /3. micro-

carpa, Rafin. Med. Fl. Ii. p. 153. t. 32. A variety is occa.sionally met with in Sumter district,

S. Carolina, with fruit about twice the ordinary .size (Dr Porcher). J), intermedia, Hort. is a

variety with more numerous (about 20) hairy stamens. Polygamous flowers occur in cultivated

specimens of this species.

North America, United States, St Louis, Drumniond!. Riehl! n. 178; New Orleans,

T. Drummond! n. 204 bis; "Woods and old fields, Rhode Island and New York to Illinois,
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and southward," Asa Gray; "Florida! to Mississippi and noTthv.'n.i-d," Chapman; Cumberland,

Olney!; Massowti, Bmkley .' ; Virginia, Portsmouth, RugeH, A. Gray!; Kansas, Engelmann.

It is cultivated in British Guiana, and has long been introduced into Europe.

102. DiosPYROS Kaki, Linn. fil. Suppl. p. 439 (1781).

D. foliis ahernis, ovalihus, utrinque obtusis vel angustatis, suhmembranaceis, siibtus

pubescentibus, petiolatis ; Jioribus masculis axillaribus, tennis, cymosis, tetrarneris, urceolatis,

calyce campanulato, lobis ovatis vel lanceolatis, corolld extus pubescente, staminihus sapiits 16,

geminatis, leviter pubescentibus; jioribiis femineis scepius solitariis, pedunculatis, staminodiis

scepius 8, ovario swpius 8-loculan, fructibus globosis eduUbus saipe viagnis.

Wight Ic. t. 41.5 (1840) ; Alph. DC. Prodr. viii. p. 229. n. 30 excl. var. y. glabra

(1844); Thunb. Fl. Jap. p. 1.57 excl. var. /3. (1784); non Blanco.

Fiaus horteiisis, fnwtu ossiculato eduli, folio Pyri, Ksempf. Amtenit. exotic, p. 805 (1712).

(?)Z>. lobata, Lour. Flor. Cochinch. p. 227 (1790); Alph. DC. I.e. p. 233. n. 53.

D. chinensis, Blume, Catal. Buitenz. ]:>. HO (1823); Flora, 1825, p. 254; Bijdr. Fl. Ned. Ind.

p. 670 (1825).

D. Schi-Tse, Bunge, Enum. PI. Chin. Bor. u. 237. p. 42 (1832).

Embryopteris Kaki, G. Don, Gen. Diet. Gard. and Bot, iv. p. 41 (1837).

D. costata, Cair. in Rev. Hortic. 1870, p. 134 (fig. p. 133).

Z>. Kaki var. costata, Andre in L'lUustration Hortic. vol. xviii. p. 176. t. 78 (1871).

D. Roxburghi, Carriere in Revue horticole, 1872, p. 253. fig. 28, 29.

Local names ; Ono Kaki, Kaempfer Amcenit. pp. 805, 807. fig. p. 806 (1712) ; Kakwe, Javan

name ex Bl. Bijdr. I. c. ; Khi, Rumpli. Herb. Amboin. vol. i. p. 137 (1750).

A small tree
;
young branches inflorescence and underside of leaves pubescent or sub-

tomentose. Leaves alternate, submembranous, more or less oval and acuminate at apex, paler

beneath, 2—7 in. long by 1—3^ in. wide; petioles 4—|in. long. Flowers pedunculate, dioecious

or polygamous, tetramerous.

i . Cymes axillary i—J in. long, 3-flowered
;
pedicels about Jj in. long ; flowers usually

drooping, variable in size, ^—f in. long ; calyx slightly hairy, with 4 deep ovate or lanceolate

las lobes, shorter than the corolla ; corolla hairy outside, urceolate, yeUowish-white ; stamens

16 (14—24), in pairs, more or less hairy, filaments short.

9. Flowers usually solitary, or pubescent, axillary; 2-bracteate peduncles^—| in. long,

dilated and articulated to fruit at apex ; calyx large, hairy on both sides, deeply 4-fid, about

1 in. or more wide, with widely ovate spreading lobes, cordate at the base, much accrescent in

fruit at least in most cases, with a thickened and hairy shallow tube in fruit; corolla pu-

berulous, about ^—| in. high and wide, 4-fid, with |-oval recurved lobes; staminodes 8 (or 16?);

ovary 8—10-celled, glabrous or nearly so ; style hairy, 4-fid ; fruit glabrous or nearly so, glo-

bular, sometimes as big as an orange, reddish or yellow, 8—10-celled [?in D. lobata, Lour. 1 in.

in diameter and lobed], in B. costata, Carr. 2 in. in diameter and more or less deeply ribbed

or lobed. The Chinese preserve the fruits with sugar.

This species has been for a long time under cultivation in China, Japan, &c. and presents

much variety in the size and shape of its fruit. By the kindness of M. Carriere I have been

29—2
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supplied with specimens of his D. costata, and I am also indebted to M. Decaisne for the

inspection of original drawings of other forms of this species. On the whole view of the case

I prefer to consider all as belonging to one species, which has under cultivation assumed

much perplexing variation. Some varieties are considerably more hardy than others; the

foUage also in some forms is fine and shining, in others smaller and more pubescent.

Z>. lobata, Lour, may very possibly belong to this species, but the fruit is described as

only 1 in. in diameter.

D. Kaki, L. f. is closely allied to D. Lotus, L. and D. virginiana, L., all of which

species are very variable and indeed are likely to be confused amongst each otlier ; D. virgin-

iana, L. holds a middle position in respect of the size of the fruit and the length of the

inflorescence.

Fruit [see Hasskarl in Bonplandia, vn. p. 2.5.5 (1859)] globose, with a diameter of 2 in. or

very depressedly globose, 2i in. wide and 1| in. high, glabrous and shining, scarlet ; skin thin,

membranous • flesh of an orange-scarlet colour, edible, sweet, with yellow fibres joined at the

base and then forked and longitudinally dispersed towards the surface ; fruiting calyx with a

brick-coloured tube and green reflexed lobes. Seeds laterally compressed ; in the globose

fruits 6, oblonw, one face nearly straight the other convex, blunt at the apex, acute at the

base, a little produced laterally, 1 in. long, ^ in. wide ; in the depresso-glohose fruits 8, one

face rather straio-ht the other more than semi-orbicular, widely rounded at the apex, rather

acute at the base, scarcely produced ; all dark, smooth, well wrapt in the fleshy pulp of the

mesocarp, and when carefully removed from the flesh rather shining, marked on the convex

face along its whole length -vvith an acute yellowish raphe i in. thick. Testa thin, coria-

ceous ; albumen milk-white, cartilaginous ; embryo small in proportion to the albumen,

straight; radicle terete, very slightly curved or usually straight, white, ^rn. long; cotyledons

thin, whitish, lying parallel side by side, in the globose fruits ovate acute \ in. long by

•jV in. wide, in the depresso-globose fruits subrotund, \ in. in diameter.

Japan, Nagasaki, fr. ripe in Oct., Oldham! 528, C. Wnght ! ; Tsu-sima Island, Str. of

Corea, C. Wilford ! 756, $ fl. May ; Formosa, Oldham ! n. 299 ; Khasia, Dr Hooker .',

fruit, Sept.

For a discussion of B. costata, Carr., in addition to the above reference, see a note

by M. Carriere on J). Kaki in Rev. Hortic. 1869, p. 284 ; a letter of M. Decaisne in the

Gardener's Chronicle for 1870, p. 39 ; a letter of M. Carriere in Gard. Chr. 1870, p. 312

;

and a paper with woodcuts and coloured plate by M. Carriere in Rev. Hortic. 1871, p. 410

;

also Andr^ in L'lUustr. Hortic. loc. cit. where the same coloured plate is given, and

the Gardener's Chronicle for 1872, p. 576, whence the accompanj-ing figure has been

obtained.

M. Carriere describes his D. Eoxburghi as a monoecious shrub, at times subdioecious by

abortion; the male flowers very numerous in comparison with the female and bearing 15—20

stamens ; the fruit IJ in. (2 in. in figure) in diameter, with numerous brown prominences

especially towards the apex. He thinks it identical with the D. Kaki, Roxb. from India, but

quite distinct from the D. Kaki, Thunb. from Japan ; he finds it con.sidcrably more tender and

sensitive to cold and much less productive of fruit. It must however be borne in mind that

M. Carrifere has described his species from a cultivated specimen, and also that the whole group

of Kaki has been long cultivated in Japan, China and elsewhere, and thus it may be expected
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that many differences have been acquired under cultivation extended over a wide geographical

area which, while worthy of distinct notice in a horticultural point of view, yet do not properly

amount to specific importance. The allied species D. virginiana, L. and B. Lotus, L. are in a

similar manner subject to great variation and from similar causes.

I have examined the herbaria both of Linnaeus and of Sir J. E. Smith (including that of

Linnaeus the younger) without finding an authentic specimen of B. Kaki ; but I think there is

no doubt but the D. Kaki of Thuuberg is identical with that of Linn. fil.

103. DrosPYROS chaktacea, "Wall. List n. 4135 (1828—32).

D. glabra, foliis iilteriiis, elongato-lanceolatis, apice acuminatis, basi obtusis, submemhra-

tiaceis, minute pellucido-punctatis, bj-eviter petiolatis ; florihus masculis ternis, subsensilibus,

tetrameris, cali/ce elongato-cylindrico, ^-fido, lobis ovatis, ciliatis ; corolla brevi, i-Jidd, lobis

obtusis, staminibus 16—20, geminatis, antheris pilosis, ovani rudimento glabra.

Alph. DC. Prodr. viii. p. 232. n. 51 (1844).

Glabrous or veiy nearly so. Leaves elongate-lanceolate, acuminate at apex, rounded or

somewhat narrowed at base, submembranous, minutely pellucid-punctate, alternate, 2—9i in.

long, by I—3 in. wide
;

petioles ^

—

\ in. long ; lateral veins prominent below.

(J. Flowers subsessile, subglobose (in bud), ^iv in. in diameter, ternate, crowded, in small

very short cymes; bracts 2 or 3 times shorter than the flowers, ovate, acute, subciliate.

Flowers I'm. long, quite glabrous except the margins of the ciliated calyx-lobes. Calyx

shortly cylindrical, 4-fid, with ovate rounded much imbricated lobes. Corolla (in bud) scarcely

longer than the calyx, 4-fid; lobes ovate, obtuse. Stamens 16—20, in pairs; anthers shortly

pilose, filaments short, -^^in. long (in bud). Ovary rudimentary, glabrous.

Burma, Trogla hills, Bank of Sallun, Wallich ! 4135.

104. DIOSPYROS VACCINIOIDES, Lindl. in Hook. Exot. Fl. t. 139 (1825).

D. fruticosa, foliis alternis, ovalibus, apice apiculatis swpe acutis, basi angustatis, s^ipra

glabris nitidis, coriaceis, subsessilibus ; floribus masculis 1

—

3-nis subsessilibus a.rillaribus

i-meris, bracteis ovatis ciliatis imbricatis, cali/ce -i-partito, corolla lobutd, lobis lunceolatis

acutis patentibus, staminibus 16, geminatis, glabris, corollce basi insertis ; floribus femineis

solitariis, subsessilibus, staminodiis 4—8, glabris, uniserialibus, ovario inferne glabro, S-loculari

;

fructibus globosis vel ellipsoideis, albumine non ruminato, cahjce non accrescente.

Loddiges, Cab. t. 1549 (1829) ; Wall. List n. 4130 (1828—32).

Rospidivs vaccinioides, Alph. DC. Prodr. viii. p. 220 (1844), Bentli. Fl. Hongk. p. 210

(1861), Hauce in Ann, Sc. Nat. ser. \^ vol. v. p. 227 (1866).

Non Vaccinium Sprengelii, Wall. List 6296 ! Vide Voigt, Hort. Suburb. Calcutt. p. 333

(1845).

Vaccinium fragrans. Wall, ex Voigt, I. c. p. 345.

D. vaccinifolia, Ettingsh. Beitr. Kenntniss. Foss. Fl. v. Sotzka in Untersteiermark, in

Sitzungsberichtc der Math.-naturw. CI. Kais. Akad. Wisscnsch. xxviii. p. 494. t. V. fig. 5—

G

(1858).
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A small, erect, twiggy, leafy and evergreen shrub, resembling Bvxus sempervirens.

Branches covered mth shaggy rufous silky hairs when young, then puberulous and finally

glabrate, spreading at about 30°. Leaves oval, apiculate and often acute at apex, more

or less narrowed at base, alternate, subsessile, coriaceous, appressedly pubescent beneath

when young, shining and glabrous above; |—liin. long by J—§ in. wide; midrib depressed

above ; without conspicuous veins.

S. Flowers :^in. long, tetramerous, drooping, subsessile, in very short 1—3-flowered

axillary rufous-hairy cymes ; bracts ovate, ciliated, imbricated, caducous. Calyx 4-partite, with

4 lanceolate-subulate erect-patent lobes i in. deep pubescent on both sides. Corolla scarcely

longer than the calyx, 4-fid, with lanceolate spreading lobes, with 4 hairy lines outside.

Stamens 16 (12 ex Alph. DC), glabrous, in pairs, the inner ones shorter, inserted at the

base of the corolla-tube ; anthers ratlier shorter than the filaments, dehiscing laterally from

apex. Ovary rudimentary, hairj'.

? . Flowers solitary, subsessile. Bracts caducous. Calyx ^—| in. long, hairy, 4-partite,

with linear-lanceolate lobes. Corolla shorter than the calyx, 4-fid, with 4 haiiy lines outside

and lanceolate acute recurved lobes. Staminodes 4—8, glabrous, in one row, inserted at the base

of the corolla-tube. Ovary ovoid, prolonged at apex into a pubescent 4-lobed style, glabrous

below; (3-celled according to Lindley) 8-celled; cells 1-ovuled. Fruit globose or ellipsoidal,

shining, usually glabrous except at apex, " 3-celled," about | in. high ; cells 1-seeded ; albumen

not ruminated, cartilaginous ; embryo axile, straight, cotyledons large foliaceous. Fruitino^

calyx not accrescent.

China; Hong Kong, Major Champion/; C. Wilford!; Millett!; Haiicel 604; C. Wright!

312; S. China, Seemann ! 245^; Malacca, Griffith! 3643; Singapore, Penang, &c. Walker!,

Wallich

!

Var. pelliicido-punctata. Leaves pellucid-punctate, thinly coriaceous. Fmit with scat-

tered hairs. South Andaman, S. Kurz!

105. DioSPTROS CAYENNENSis, Alph. DC. Prodr. viii. p. 224. n. 8 (1844).

B. foliis alternis, oUongis, obtusis, bad angustatis, supra nitidis glaherrimis, suhtus

glahrescentibus, coriaceis, petiolatis ; florihns 1—3-?iis brevissime cymosis subsessilibus fei-ru-

gimo'velutinis, calyce turbinato profunde 4:-lobo, corolla calyce sublongiore, staminibus 10—12,

glabris, ovano in flore femineo ovoideo glabra S-loculari.

Danzleria axillaris, Bert, ex Alph. DC. /. c.

Youno- shoots and flowers ferruginous-velutinous. Leaves alternate, oblong, obtuse or

obtusely acuminate, abruptly narrowed at base, coriaceous, shining and quite glabrous above,

glabrescent beneath, green on both sides in the dry state, 3—5 in. long by 1—If in. wide,

reticulated; more or less revolute at the margiu, petioles ^in. long or shorter. Flowers

drooping, puberulous, tetramerous ;
peduncles much shorter than the calirx.

i . Flowers solitary or 3 together. Calyx J in. long ; lobes sub-erect, widely ovate,

undulated, silky on both sides, thickened within over a triangular space at base. CoroUa

ovoid, sub-tetragonal, contorted in bud, fleshy, somewhat hairy outside. Stamens 10—12,

glabrous, distinct or in pairs ; anthers subulate.
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9. Flowers axillarj-, 1—3 together, |in. long; pedicels equalling the petioles. Calyx

turbinate at base, deeply 4-fid; lobes wide, cordate. CoroUa silky outside, rather longer

than the calyx. Ovary ovoid, glabrous, 8-celled, fruiting calyx nearly ^ia. high by more

than i in. -wide, 4-fid, with reflexed undulated lobes and shallowly cup-shaped crass tube

having internal elevated rim, appressedly and shortly hairy inside.

Cayenne, French Guiana
!

; cultivated in Jamaica, Bei-ter ! , but not mentioned in Grise-

bach's Flora of the British West Indies.

106. DiosPYROS L^vis, Boj. ex Alph. DC. Prodr. viii. p. 232. n. .30 (1844).

D. glabra, foliis alternis, elliptids, utnnque angustatis, coriaceis, hveviter petiolatis

;

florihus masculis, 1—3-?u's, subsessilihus, tetramens, calyce campanulato, corolhe lohis obtiisis,

staminibus 16, geminatis, glabris.

Glabrous. Branches slender, black in dried state. Leaves alternate, elliptical, attenuate

at both ends, rather obtuse at very apex, coriaceous, revolute at the margins. Sin. long

by 1^—1J in. wide ; lateral veins scarcely conspicuous ; midrib depressed above
;
petioles ^ in.

long.

<J . Flowers solitary or 3 together, subsessile, ^ in. long, glabrous ; cal3'x campanulate,

shortly 4-fid, with acute ciliated deltoid lobes; corolla shortly 4-fid, double the length of

the calyx or less, lobes widely ovate, obtuse; stamens 16, in pairs, unequal, apiculate,

glabrous.

Madagascar, East coast, Bcjer ! , Helsonberg

!

•

107. DlOSPYROS THOUARSn, sp. nov.

D. glabra, foliis altemis, ellipticis, utrinqiie paulum angustatis, conaceis, subsessilihus

,

florihus viasculis, aggregatis, hrevissinie cymosis, tetrameris, urceolatis, calyce parvo, i-lubo,

staminibus 12, glabris, in flore femineo paucis, ovario ovoideo, 8-loculan.

Dark, glabrous except the bracts. Leaves alternate, elliptical, subsessile, coriaceous,

somewhat narrowed at both ends, obtuse ; veins reticulata!, inconspicuous ; midrib somewhat

depressed above; 1|—3 in. long by i—l^in. wide, rich dark brown beneath; margins just

thickened beneath. Cymes axillaiy, many-flowered, short; bracts small, cihated.

6 .
Flowers ^ in. long by ^V in- wide, urceolate. Calyx ^ in. long by -jL in. wide, shortly

4-fid, lobes depresso-deltoid, apiculate; corolla |in. long, -f^jiu. wide, b:UTeI-shapod, J way
4-lobed; lobes imbricated sinistrorsely, depresso-ovate ; stamens 12, mostly or all inserted

at base of corolla (some in pairs?), glabrous; anthers much exceeding the filaments, de-

hiscing laterally from apex; pollen ellipsoidal, smooth. Ovary 0.

5. Calyx ^iu. long by ^5—|in. wide, deeply 4-fid; lobes widely ovate, sub-cordate

at base, apiculate at apex, subcrect, accrescent. Corolla equalling the calyx, deeply 4-fid,

not spreading. Staminodes 2 or more, 4 (?), small, inserted at base of corolla. Ovary
ovoid, terminated by short 4-lobed style, 8-celled, cells 1-ovuled.

Madagascar, lib. Petit- TJiouars/ iu Mus. Paris.
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108. DioSPYROS CHLOROXYLON, Eoxb. Coromand. i. p. 88. t. 49 (1795).

D. foliis alternis, ovalibus, basi scepius rotundatis ajnce niucronatis, tenuiter coriaceis,

subtus tomentosis, breviter petiolatis ; floribus masculis aggregatis, subsessilibus, 4

—

10-nis, te-

trameris, cahjce campanulato, dense pubescente, profunde i-Jido, corolid ^-fidd, staminibm 16,

biserialibus, glabris ; floribus femineis solitariis, sessiiibus, staminodiis circiter 8, glabns, ovario

glabra, 8-locidari ; fructibus globosis, glabris, edulibus, seminum albumine non ruminato.

Wall. List n. 4118 (1828—32), Alph. DC. Prodr. vill. p. 230. n. 40 (1844).

I) tomentosa, Poir. Eucycl. V. p. 436. n. 22 (1804), non Roxb.

D. capitulata, R. Wight Ic. tt. 1224, 1588 bis (1850).

Cfr. D. glauca, Rottler in Gesellschaft Naturforschender freunde zu Berlin, Neue Schrift.

IV. p. 221 (1803); Alph. DC. Prodr. viii. p. 238. n. 84 (1844).

Xella-wooli/niera of the Telinga.s, Roxb. Corom. I. c. ; Neenye or Ninei in Surat, Dr Gibson.

A tree of middle size with irregular trunk, or in low lauds only a large bush ; bark

scabrous, dark rust-coloured ; branches spreading, sometimes spinous
;
young shoots pubes-

cent-tomentose, subfulvous. Leaves oval or oval-oblong, usually rounded at base and mucronate

at apex, thinly coriaceous
;

pubescent or subglabrescent and dark green on ujiper side >

more or less tomentose and sub-tawny beneath, alternate, f—3 in. long by 3—1^3- in. -wide

;

petioles ^j—j in. long; midrib depressed above; lateral veins not conspicuous. Inflorescence

tawny densely pubescent; flowers white.

6 . Flowers clustered sessile or subsessile, 4—10 together, about \ in. long, tetramerous

;

on jDeduncles J^ in. long, with very short pedicels ; bracts oval, small, glabrous inside.

Calyx about ^^in. high, campanulate, densely tawny-pubescent, deeply 4-fid, with apiculate

lobes, glabrous inside. Corolla 4-fid, glabrous except 4 lines of hairs outside. Stamens 16,

in 2 ]-ows, inserted more or less in pairs, receptacle or at base of corolla, glabrous, the

inner ones shorter ; longer filaments as long as anthers ; anthers dehiscing laterally from

apex ; connective apiculate or prolonged. Receptacle glabrous ; ovary rudimentary glabrous.

9 . Flowers solitary, sessile (or subsessile in Wight Ic. t. 1588 bis), about \ in. long,

tetramerous ; bracts longer than in <J , shorter than the calyx. Calyx \ in. long, campan-

ulate, pale tawny, densely pubescent ; lobes § rds depth of calyx, apiculate. Corolla erect,

glabrous, except 4 hairy lines down middle of lobes ; lobes \—| rds depth of corolla, ovate-

lanceolate. Staminodes 7—9, glabrous, in one row, hypogynous or inserted at base of corolla^

Ovary glabrous, surmounted by 4 erect glabrous styles, 8-celled; cells 1-ovuled, often

approximated in pairs. Fruit globose, glabrous, ^in. or rather more in diameter, on nearly

flat calyx Jin. in diameter. When ripe it is eaten raw among the Orixa mountains and is

very palatable. Seeds 2—3 ; albumen not ruminated, testa thick slightly irregular inside.

The wood of the larger trees is yellowish, very hard and durable, and is used by the

natives for various economical purposes.

Tranquebar, Vahl ; Madras ' ; Bombay ; Surat and Nassick, Br Gibson ! ; Canara and

Mysore, Mr Law/; Kew List, n. 1712, 1719, 3617; Wallich! ; East Bengal!
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109. DlOSPTROS(?) PERGAMENA, sp. nov.

D. glabra, foliis obovato-oblongis, altemis, had leviter angustatis, apice anguste et abrupte

acuminatis, firmiter j)ergamenis, petiolaiis, floribus masculis in ramis vetustis dense aggregatis

sessilibus et breve-cymosis, pentameris pubescentibiis parvis, staminibus 20 binis, ovarii rudi-

mento hirsuto ; fructibus peduncidatis globosis uncialibus glabratis 2-locularibus 3-spermis

;

albumine radiatim striato.

Glabrous, young shoots terete ; leaves alternate, obovate-oblong, narrowly and suddenly

acuminate at apex, slightly narrowed at base, of the texture of firm parchment, dark brown

above with depressed veins, paler with raised veins loosely reticulated beneath, 8—9 in.

long by 2^^—3 in. wide
;

petioles i in. long.

(J. Flowers densely clustered on the older branches, sessile and in short cymes, penta-

merous, hirsute, subglobose (?), -^ in. in diameter (immature) ; calyx .5-fid, glabrous inside,

lobes ovate ; corolla 5-fid, lobes obtuse ; stamens 20 in 10 pairs hispid, ovary rudimentary

hairy.

V . Fruit solitary (?), glabrate, subglobose, about 1 in. in diameter, S-celled, 3-seeded

(in one case)
;
peduncle nearly I in. long ; calyx 5-partite, h in. in diameter, closely hairy

on both sides, reflexed ; lobes involute ; seeds | in. long by | in. thick ; albumen radiately

striate, not ruminated,

Borneo, Beccari! n. 1787.

110. DiosPYKOS CAULIFLOEA, Blume, Bijdr. Fl. Ned. Ind. p. 668 (1825).

D. foliis altemis, malibus, utrinque attenuatis, nitidis, glabns, breviter petiolatis ; fioribus

masculis axillanbus tetrameris, staminibus 16, geminatis, incequalibus ; floribus femineis late-

ralibus secus ramos vetustiores jJanicnlatis, calyce profunde i-')-lobo, lobis basi margine sinuato

reflexis nigrescentibus, corolld urceolatd, ^-fidd, fauce constrictd, fructibus globosis, glabris,

edulibus, 4

—

b-locularibus, albumine radiatim striato.

Alph. DC. Prodr. viii. p. 238. n. 81 (1844) ; Hasselt in Ilasskarl PI. Javan. p. 7G7. u. 351

(1848) ; non Mart.

A lofty dioecious tree. Leaves alternate, elliptical oi- oblong, attenuate at both end.s,

4—9 ill. long by 1—3/^ in. wide, shining, glabrous ; midrib and lateral veins depressed

above ; petioles J

—

I in. long.

(J. Flowers axillary; calyx 4-fid; corolla 4-fid ; stamens 16, in pair.s, unequal in the pairs.

9 . Flowers crowded in dense lateral panicles on the older wood, racemose ; racemes

3— .5 flowered, with bracteoles at the ramifications
;
peduncles nearly 1 in. long, thickened

at the apex, turning black. Calyx deeply 4—5-lobed ; lobes turning black, narrow, reflexed,

at the base with wavy margin. Corolla urceolate, 4-fid, much constricted at the top of the

tube ; tube tetragonal, covered with black hairs especially at the angles ; lobes pale yellow,

horizontal.

Fruit fleshy, globose, glabrous, edible, 1 in. in diameter, 4—8-celled, green ; seeds soli-

tary in the cells, some imperfect; allmmca radiately striate; embryo turning yellow.

Java, Bautam, 500 ft. alt. llusselt, lieinwardt !, Blume!
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111. DiosPTROS EAMIFLORA, Roxb. Hort. Beng. p. 40 (1814).

D. foliis altemis, ovalihus vel ohlongis, apice acuminatis, basi angustatis, coriaceis, glabris

;

paribus femineis dense fasciculatis secus ramos vetustiores, 4

—

Q-meris, tomentosis, calyce cam-

panulato irreguJariter lobato accrescente, corolla, urceolato-oblongd obtuse lobatd, staviinodiis

10—12, glabris, ovario ovoideo-conico , fidvo-tomentoso, 10- vel 12-loculari, fructibus globosls,

magnis, subscabris, edidibus, 10

—

12-spermis.

Eoxb. FL Ind., edit. 1832, Vol. ii. p. 535. n. 7 ; Drawings in Herb. Kew ; Wall. List

n. 4119 (1828—32); Wight Ic. t. 189 (1840); Alph. DC. Prodr. viii. p. 233. n. 57 (1844).

A large dioecious tree with glabrous leaves and branches and straight trunk. Leaves oval

or oblong, acuminate at apex, somewhat narrowed at base, coriaceous, alternate, shining

and of same colour on both sides, margins slightly undulated and recurved, 4—10 in. long

by 1—3 in. wide, veins not conspicuous above, petioles ^—| in. long ; midrib wide and

channelled above.

9 . Flowers urceolate-oblong, collected in small short fascicles on the thick woody branches,

tetramerous pentamerous or hexamerous ; the inflorescence is however sometimes on young

shoots or in racemes or panicles. Pedicels and calyces clothed with olive-coloured down;

calyx * in. long, urceolate, with inflated tube and deltoid lobes -^—i in. deep ; corolla 3—| in.

long, white, covered with short felt outside, glabrous inside except on the obtuse imbri-

cated lobes which are about | the depth of the corolla, at first sjJreading and then revolute •

tube somewhat inflated. Staminodes 10 or 12, double the number of the parts of the

flower, glabrous, in one row, shorter than the corolla-tube. Ovary about the length of the

calyx, ferruginous-hairy, ovoid-conical, 10 or 12-celled; cells 1-ovuled; style short; stigmas

5 or 6. Fruit globular, 2J-—3 in. in diameter, slightly scabrous, resting on the very thick

enlarged calyx which is about IJ in. in diameter, 10—12-celled; cells 1-seeded ; seeds

transversely lined outside; albumen somewhat ruminated (?)

Native name Oori-gaub or Goolul on eastern frontier of Bengal, where, according to Dr
Roxburgh, the tree grows wild to a great size, and supplies the natives with very strong

hard wood. Silhet, Wallich! 4119; Tipperah, Roxburgh.

The position of this species in the genus is uncertain in consequence of the want of

knowledge of the male plant and of the nature of the albumen in the seed; thus when
more intimately known, the species may require to be removed to Sect. I. Melonia or

elsewhere.

112. DiosPTROS DiEPENHOESTii, Mlq. Fl. Ind. Bat. Suppl. i. pp. 250, 583 (1860).

D. foliis oblongis, apice breviter acuminatis, basi obtusis, firmiter coriaceis, glabris,

hremter petiolatis ; jioribus femineis secus ramos vetustiores aggregatis, ovario ovoideo, hepta-

gono, glabro, \^-loculari, basi abrupte stipitato-constricto, calyce coriaceo cupulato grossificante,

extus parce appresso-pubescente.

Buds somewhat hirsute ; branchlets glabrous. Leaves oblong or obovate-oblong, the

upper ones sublanceolate, rounded or obtuse at the base, shortly acuminate, glabrous, of

firm parchment-like texture, smooth above with the lateral veins usually depressed, pale

30—2
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beneath with the lateral veins prominent mostly patent united within the margin and

loosely reticulated, 9—10 in. long.

9 . Flowers densely crowded on the old branches, with short pedicels and hirtellons

bracts ; ovarj' rather thickened, resting on a coriaceous cup-shaped patent obtusely 5-lobed

calyx sparsely covered outside with appressed puberulence, abruptly stipitate-constricted at

the base, ovoid-heptagonal, glabrous, marked at the apex with 7 pits and teeth, 14— (? 16)-

celled.

According to Miquel it is clearly related to D. ramiflora, Roxb., but quite a distinct

species. Malay name Djantoe-dipo. I have not seen a specimen.

West Sumatra in Province Priaman, Diepenliorst.

113. DiosPTROS SUMATRANA, Miq. PlantsB Junghuhnianse, p. 203 (1851— 5.5).

D. foliis distichis, oblongis, apice anguste acuminatis, basi cuneatis, suhmembranaceis,

hreviter petiolatis ; florihus femineis Icuciuscule cymosis, fructibus iinmatuHs ovoideo-ohlongis,

subglabris, 'i-locularibus, loculis monospermis, albumine non runiinato, cahjce fructifero pro-

funde 4:-lobo appresse pubescente, aucto, foliaceo, lobis suberectis, ovatis, acuininatis, basi car-

datis.

Young parts inflorescence petioles and midrib of leaves beneath covered with short

stiff puberulence. Leaves firmly submembranous, oblong, alternate, with a long narrow

acumen at apex, cuneate at base, distichous, 2J—5 in. long by §—2 in. wide
;

petioles

\—I in. long ; veins slightly depressed above, in relief beneath ; lateral veins 5—6 ; very

minutely and vaguely pellucid-punctate.

9 . Cymes rather lax, about \ in. long or shorter (excluding the flowers)
;
peduncles \ in.

long, about 3-flowered
;

pedicels with yellowish hairs, thickened upwards ; bracts foliaceous,

caducous. Fruit (unripe ?) oblong, |—^ in. long, glabrous ; style, erect, glabrous (broken), dis-

tinct. Fruiting calyx deeply -i-lobed, appressedly pubescent, erect or sub-erect, nearly as long

as the young fruit ; lobes ovate, acutely acuminate, wide and cordate at base, foliaceous, wavy

;

seed i in. long; albumen not ruminated; young fruit glabrous, 4-celled ; cells 1-seeded.

Sumatra, Korthals ! , distr. Angkola, Junghuhn!; Borneo, KoHhals!

114. DiosPTROS PEXDULA, Hasselt ex Hasskarl PI. Javan. p. 4G8. n. 352 (1848).

D. foliis oblongo-lanceolatis, utrinque acuminatis, gla'ris, breviter petiolatis, Jlonhus

masculis solitarii.<i, femineis 1

—

2-nis vet breve-racemosis, cali/ce 4i-fido, nigro-piloso, coi'Qllce

lobis revoliitis, flamentis 8, villosis, antheras 2—3 gerentibus, ovario ovoideo, 4

—

S-loculari.

fructibus carnosis.

A lofty dioecious tree. Leaves oblong-lanceolate, acuminate at both ends, 2i—3i in.

long by 1—2.^ wide, shortly petiolate, glabrous.

g. Flowers solitary. 9. Flowers solitary 2 together or collected in small racemes,

pendulous. Calyx 4-fid, bright green, nigro-pilose. Corolla pale yellnw, with rofle.xed lobes.

Filaments 8, short, hairy, bearing 2—3 anthers. Ovarj' ovoid, 4—8-celled ; style thick,

attenuate at the apex (or 2—4 connate styles) ; stigmas 4, cmargiiiate. Fruit fleslij-, jiilose

when young, 4—8-cellcd ; cells 1-seeded.

Java, Bantam Province, Mt. Pulassarie, flowers iu June, between 4000 ft. alt. and the

crater, Hasselt
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115. DioSPYROS MACROPHYLLA, Blume Bijdr. Fl. Ned. InJ. p. G70 (1825).

D. foliis alternis, ovalihus vel ovali-ohlongis, apice acuminatis, basi rotundatis vel interdum
suhcordatis, tenuiter coriaceis, supra glahris, subtiis glabnusculis, nervis gracilibus, hreviter

petiolatis ; flonhus mascidis panicidatis, pedicellis brevibits, ccdyce breviter 3 5-fido, urceolato

corolla breviter 5-lobd, crasso-ligned, staminibus 12, geminatis, glabris, cymis femineis pauci-

Jloris brevibus, fructibus tomentosis suhglobosis, calyce fructifero aucto.

Alph. DC. Prodr. Viii. p. 228. n. 27 (1844), nou Wall.

D. pKyllomegas, Steud. Nomencl. Bot. edit. ii. vol. i. p. 514 (1840).

A tree 60 feet high, with dark terete branches. Leaves alternate, oval or oval-oblon<T

acuminate at apex, rounded or sub-cordate at base, thinly coriaceous, nearly o-labrescent

above with clear slender arching lateral veins, glabrous above, 3—10 in. long by li 4| in.

wide
;
petioles \

—\ in. long.

^. Flowers axillary, paniculate, J in. long, pubescent
;
panicles many-flowered; 1 li in.

long, ultimate pedicels mostly short. Calyx shortly 3—5-fid, globose-urceolate, f^ in. long,

lobes deltoid ; corolla silky outside, ovoid in bud, shortly 5-lobed, tube very crass and hard •

stamens 12, unequal, in pairs, glabrous.

9 . Cymes few-flowered, short, calyx 4—5-fid, hairy on both sides, accrescent in fruit

;

fruit tomentose, sub-globose, 1 in. or more in diameter.

Java, in mountainous places, Blume ! Local name Kitjalliing.

116. DiOSPYROS OVALIFOLIA, R. Wight, Ic. t. 1227 (1850).

D. foliis alternis, ovalibus, apice obtusis, basi angustatis, tenuiter coriaceis, glabris,

petiolatis, florihus aggregatis, 3

—

G-nis, brevissime cymosis, 4

—

o-meris, urceolatis, calyce brevi,

pubescente, corolla subglabrd, lobis obtusis, stanmiibus 13—20, glabris, subcequalibus, jjlerisque

geminatis; in Jiore femineo staminodiis —7, ovario hirsuto i- vel G-loculaH, loculis \-ovulatis

;

fructibus solitariis, globosis, glabratis, seminvm albumine non ruminato.

Thw. Enum. CeyL PI. p. 181. n. 13 (1864).

A moderate-sized tree, glabrous except the inflorescence. Leaves oval- or obovate-oblonc,

rounded or obtusely pointed at apex, more or less narrowed at base, thinly coriaceous,

alternate, midrib depressed above, 1^—Gin. long by J—2i in. wide, with petiole \ Jin.

long, turning j'ellowish when dry, paler beneath with reddish midrib.

$ . Flowers clustered, 3—6 together, on very short hairy cymes, in the axils of fallen

or present leaves, 4—5-merons, i

—

\ in. long. Calyx -^\ in. long, tawny-hairy on both sides,

openly campanulate, with rounded or somewhat deltoid lobes about half the length of the

calyx. Corolla twice the length of the calyx or more, urceolate, glabrous or nearly so,

4—5-fid or less deeply lobed, with obtuse spreading or recurved lobes. Stamens 13—15—20,

glabrous, mostly inserted on the receptacle and in pairs, nearly equal, \ in. long, filaments

^ in. long. Ovary rudimentary, hairy.

9 . Flowers clustered, 8—6 together, on very short cymes, 4—5-merous, thicker than

in i. Staminodes —7, glabrous, hypogynous or at base of corolla. Ovary conical, tawny
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hairy, 4- or 6-celled (2-celled ex Wight I. c.) : cells l-ovuled ; stigma 2—3-lobed. Fruit

solitary, subsessile, glabrate, globose, fin. in diameter, usually 1-seeded. Fruiting calyx

reflexed, tomentose, thickened but not dilated or but slightly so. Seeds with albumen not

rumiuated.

Ceylon, 2000—4000 ft. alt., Thiuaites! 1815, 1816, 2533, Trincomalee, Moon!; Madras,

Coimbatore, Wight! n. 1720; Anamalay hills, Beddome!

117. DiosPYROS TEXA>'A, Scheele in Linnsea xxii. p. 145 (1849).

D. foliis alternis, obovatis, apice rotundis, hasi cuneatis, submembranaceis, suhtus pube-

scentibus, subsessilibiis ; jioribus masculis 1—3-nzs, breviter pedunculatis, puhescentibiis, calyce

5

—

H-partito, corolld urceolatd, 5

—

6-Jidd, lobis obovatis, staminibus 16— 20, bisei-ialibus,

glabris; Jioribus femineis solitariis, staminodiis 0, ovario sub-S-locidari, ovoideo, dense sericeo,

fructibus globosis.

A tall much-branched shrub, 12—15 feet high, with fastigiate branches spreading at

60°—70°, cinereous, venucose, leafy, softly pubescent and pale at the apex ; warts subrotund,

of dark reddish colour. Leaves alternate, oblong-obovate, wedge-shaped at base, rounded or

emarginate at apex, submembranous, softly pubescent, pale, glabrescent on upper side ; veins

inconspicuous above ; nearly flat or with revolute margins, \—2 in. long by \—1 in. wide

;

petioles yfj—j^ ™- l°°o' bairy. Flowers with scent of vanilla.

S. Flowers 1—3 together, in axils of present or fallen leaves, drooping, \—Jin. long,

softly pubescent, pale, crowded on young shoots; peduncles \—i-f in. long, pubescent;

bracts caducous. Calyx with 5 or rarely 6 deep ovate or lanceolate lobes, shorter than the

tube of the corolla, ^in. long, pubescent on both sides. Corolla urceolate, with 5 or per-

haps rarely 6 recurved lobes about half the length of the corolla-tube, glabrous inside.

Stamens 16— 20, distinct, in 2 rows, glabrous; anthers longer than the filaments, dehiscing

from the apex. (In one case a stamen is abnormal, an anther having two filaments.) Ovary

rudimentary, with grey hairs.

5 . Flowers solitary, pentaraerous, \ in. high by i in. wide. Calyx large but not accre-

scent
;
peduncles \

—\ in, long, recurved, bearing caducous small bracts. CoroUa with spread-

ing lobes. Staminodes 0. Style 4-fid ; stigmas dilated. Ovary 8 (?)-celled, densely pilose.

Fruit globose, ^in. in diameter, dark, covered with scattered hairs, fleshy, sweet-tasted,

ultimately shining. Albumen not ruminated. Fruiting calyx spreading or reflexed, o-partite
;

lobes I in. long, oblong, pubescent on both sides.

North America, Texas, Galveston Bay, Drummond !, Fasc. iil. n. 329. {3 fl.) ; Drummond !,

Fasc. II. n. 201. (Fr.); Lindheimer !, Flora Texana exsiccata, Fasc. ill. n. 451 (cJ), 452 (?fl.),

453 (Fruit); Mexico, between Laredo and Bejem, Feb. 1828, Berlandier ! (cJfl.); collected

in expedition from Western Texas to El Paso, New Mexico, May—Oct. 1849, by Charles

'Wright! n. 423; Texas, Tr^cul, Oct. 1849, n. 1249, in woods by the sides of streams; Herb.

Berlandierianum Texano-Mexicanum, n. 3030! {D. mexicana, Scheele MSS.), Ann. 1828; "Hill

sides. Fort luge to Escondido Creek, and near Eagle Pass, Western Texas, flowers in March,

fruit ripe in August about 1 in. in diameter," Torrey.
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118. DrosPYROS MABACEA, F. Muell. Austral. Veg. in Intercolonial Exhibition Essays,

1866—67, p. 35 (1867).

D. foliis alternis, ovalibus, apice breuiter acuminatis, hasi ciineatis, chartaceis, costis

exceptis suhglahris, hreviter ]}etiolatis ; floribus masculis 5—7-JiVs, dense cymosis, tetrameris,

calyce campanulato, 'i-Jido, lohis deltoideis acutis, corolld extas sericed, campanulatd, profunde

lobatd, lohis ovalibus, staminibus 1-5—16, (jlabris.

Cargillia mabacea, F. Muell. Fragm. Phytogr. Austr. v. p. 162 (1866), Benth. Fl. Austral.

rv. p. 287. n. 2 (186.0).

Maba quadndentata, F. Muell. Fragm. I.e.

A tree, 20 feet high
;
young branches strigose-pubescent. Leaves oval or oblong, char-

taceous, alternate, cuneate at base, narrowed or shortly and obtusely acuminate at apex,

pubescent on midrib and principal veins beneath and on the depression of the midrib

above, nearly glabrous on the rest of the leaf, somewhat shining beneath, of same dark

green colour on both sides, 3—4 in. long by li—If in. wide; petioles^—Jin. long, hispid-

pubescent; lateral veins slightly depressed on upper surface of leaves.

c5 . Flowers 5—7 together, in short axdlary hairy cymes
;
peduncles very short

;
pedicels

^j5—^ in. long ; bracts ovate ; flowers tetramerous. Calyx campanulate, dark green, puberu-

lous outside, glabrous inside, 4-fid ; lobes deltoid acute. Corolla pale silky outside, about

twice the length of the calyx, deeply 4-lobed ; lobes oval, emarginate, imbricated sinis-

trorsely in bud. Stamens 15!, 16, many in pairs and inserted at base of corolla, a few

hypogynous, all glabrous, ^ in. long ; anthers narrowly lanceolate ; filaments short. Ovary

rudimentary, represented by a bunch of haii-s.

<x .
" Fruit a scarlet berry."

Australia, Tweed River, C. Moore/

119. DiosPTROS PEXTAMERA, Woolls and F. Muell. ex F. Muell. Austral. Veg. in Inter-

colonial Exhibition Essays, 1866—67, p. 35 (1867).

D. Jbliis alternis, ovali-lanceolatis, apice obtuse acuminatis, basi attenuates, coriaceis, gla-

hris, breviter petiolatis ; forilus masculis S—5-nis, puiescentibus, brevissime cymosis, sa:pius

pentameris, calyce hennsphwrico, lobis deltoideis, corolld brevi, profunde 5-lobd, staminibus 15

—

20, filamentis brevissinns glabris, antheris villosis, ovarii rudimento pubescente/ floribus fe-

mineis 1—3-«/s, frucfibus solitariis, subsessilibus, globosis, apice excepto glabratis, 1—i-locu-

laribus, seminum albumine non ruminato.

Cargillia pentamera, Woolls et F. Muell. in F. MuelL Fragm. Phj-togr. Austr. iv. p.

82 (1864), Benth. Fl. Austr. iv. p. 288. n. 4 (1869).

Maba pentamera, F. Muell. I. c. v. 163 (1866).

C. arborea, A. Cunn. MSS.

A large tree attaining 80—100 feet in height and 2—3 feet in diameter, glabrous

except the young shoots and inflorescence, somewhat rigid in habit. Leaves alternate, lan-

ceolate or oval, cuneate or attenuate at base and usually as much so at the apex, coria-
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ceous, shining above, pale and yellowish at least beneath, Ih—Sin. long by J—1 in. wide,

petioles -J,—Jin. long; midrib slightly either raised or depressed above; net-veins nume-

rous rather prominent above, rather inconspicuous beneath. Leaves usually marked beneath

by some small dark glands arranged along 2 straight lines equally distant from the midrib.

^. Flowers 3—5 together, |in. long, on short silky drooping cymes which measure

without the flowers about •^—iin. long; pedicels veiy short. Calyx hemispherical, pubes-

cent outside, glabrous or shining inside, half the length of the flower, o-fid, with deltoid

lobes; rarely 4—6-fid. Corolla sub-globose, open at the mouth, pale and shortly pubes-

cent outside, glabrous inside, deeply 5-lobed, imbricated sinistrorsely in bud ; lobes oval.

Stamens 15—20 ex Bentham I. c, usually 20 in pairs or in groups ; anthers " tetragono-

linear, rostellate, dehiscing laterally from apex downwards," silky; filaments very short,

glabrous. Ovary rudimentary, hairy.

5. Flowers subsessile, 1—3 together, usually solitary (?). Fruit solitary, subsessile, globose

or spheroidal, about J in. long, glabrate except the apex, tipped by the remains of the

hairy style, 2—4-usually 4- or rarely 1-celled ; cells 1-seeded ; pericarp thin, crustaceous

;

dissepiments membranous ; seeds ^ in. long or rather more ; albumen white, cartilaginous

;

embryo J in. long ; radicle clavate-cyUndrical, slender, equalling the flat narrowly or linear-

lanceolate cotyledons.

Fruiting calyx lin. long, receiving the base of the fruit, puberulous or pubescent on

both sides, 5- rarely 4-fid ; lobes often somewhat spreading.

Australia, Moreton Bay, Leichhardt; Brisbane river, A. Cunningham! ; New South

Wales, C. Jfoore ! , Paris Exhibition, Sydney woods 30, TT". Macarthur ! 49. Plentiful on

the mountain brushes of the Hastings River, C. Moore; Clarence River, C. Moore!, Beckler,

J. ]Vilcox; Queensland, Hill ! ; Ash Island, Hunter's River, Mrs Forde and Miss Scott ex

W. WooUs, Contr. Fl. Austr. p. 192 (1867). Fruit eaten by the Carpophaga magnifica, Selby.

Called Black Myrtle by the colonists. Timber soft when fresh, but exceedingly tough.

120. DiosPYROS Paraxea, Steud. Nomencl. Bot. edit. ii. vol. I. p. 514 (1840).

D. fuliis ovalibus, alternis, apice acuminatis, basi obtusis supra nitidis glabrescentibus,

subtus costd margineque tomentosis vel subglahrescentibus, coriaceis, breviter petiolatis ; jloribus

masculis aggregatis, subsessilibus, ferrugineo-tomentosis, tetrameris, calyce '^-jido, corulld cam-

panulatd, 4e-fidd, staminibus circiter 16, antheris lineari-lanceolatis, hirsutis, filamentis brevil/ua

glahris ; Jloribus femineis subsolitariis vel aggregatis, subsessilibus, staminodiis 8, ovario

tomentoso, S-loculari; fructibus globosis, subglabratis, seminum alhumine non ruminato.

Alph. DC. Prodr. viii, p. 224. d. 10 (1844), Miq. in Mart. Fl. Bras. vil. p. 6. t. 3 (1856).

Paralea guianensis, Aubl. PI. Guyan. i. p. 576 (1775). P. gugannensis, Aubl. /. c. t. 231

(stam. char, et fig. excl.) ; Paralia guianensis, Desv. ex Hamilt. Prodr. PI. Ind. Occ. p. 45.

n. 89 (182.3).

D. ferruginea, Spltgbr. in Vriese Ned. Kruidk. Arth. p. 327 (1848).

D. longifolia, Spruce in Journ. Proceed. Linn. Soc. Lend. v. p. 7 (ISGI), PI. Bras, exsicc.

n. 151G (18.)1).

A small moderate-sized or lofty tree of hard white wood
;

young shoots buds and

inflorescence ferruginous-tomentose. Leaves oval-oblong or ovate-oblong, alternate, more or

less rounded occasionally somewhat narrowed at base, acuminate at apex, coriaceous,



Mr HIERN, on EBENACE^; 241

shining and glabrous or nearly so with depressed midrib above, pubescent puberulous or

nearly glabresceut beneath especially on the marked midrib and recurved margins (hairs

rufous in dried state ; leaves bordered when young with white hairs which fall off,

according to Aublet) ; lateral veins several, slender ; leaves 3—8 in. long by 1—2J in.

wide
;

petioles |—| in. long, glabrescent. Bracts rufous-hairy.

g . Flowers in axillary subsessile clusters, j\ in. long, rufous-hairy. Calyx -^ in. long,

acutely 4-fid ; lobes deltoid. Corolla fleshy, campanulate or campanulate-oblong, sweet-

scented, quadrangular, with a short inflated tube and 4 short lobes, glabrous inside

(ferruginous on both sides ex Vriese), 4-fid. Stamens 16 !, united by their filaments in

8 pairs (18 ex Aublet, about 13 ex Alph. DC, 8 ex Vriese), the inner ones the

shorter; anthers linear-lanceolate, hairy at the back of the outer ones and at the front

t)f the inner ones; filaments short, glabrous. Ovary rudimentary, ferruginous-hairy.

9 . Flowers (subsolitary ex DC.) few together in axillary subsessile clusters. Staminodes

8. Ovary 8-celled ; cells 1-ovuled. Fruit solitary or 2 together, subsessile, shining and

glabrate or with some persistent ferruginous hairs, globose, about 1 in. in diameter,

pericarp at length splitting from apex, 3—4-seeded. Fruiting calyx with 4 lobes cordate

at base, rufous-hairy especially on the undulating margins, on the centre of the back and

inside, suberect or spreading, f—1 in. across. Seeds oblong, | in. long ; albumen not ruminated.

A decoction of the bark is said to be useful in case of fever in Guiana, where the

plant is known by the name of Parala.

French Guiana, Cayenne, Sagot ! n. 1253, MaHinl; Guiana, Mrs Parker!; British

Guiana, Schomhurgkf 1492'; Surinam, Hostmann! 547, Splitgerber," oil ; S. Venezuela,

near the rivers Casiquiari, Vasiva and Pacimoni, Spruce! 3159 <? flower (arbor gracilis

18-pedalis, ramulis longis pendulis. Flores flavo-virides. In ripis inundatis per totum Casi-

quiarem, necnon in Orinoco superiore, Nov. 1853) ; Brazil, by the south bank of the

Kio Negro close to its junction with the Solimoes, Spruce! 1516, in fruit (small tree

with subverticillate subsimple branches, fruit green, seeds immersed in flesh, D. longifolia.

Spruce).

According to Mr Spruce, his D. longifolia has the branches arranged in whorls of five

(very rarely three or four), while in D. Paralea the branches are alternate. The branches

however in D. Paralea are sometimes verticillate.

121. DiosPTROS EHODOCALYX, Kurz in Journ. Asiat. Bengal, Vol. XL. Part li. p. 71. n. 91 (1871).

D. foliis oblongis vel ovali-oblongis, apice obtusis, basi angustatis, chartaceis, supra glabris,

luddis, siibtHs secus costam pubescentibus, breviter petiolatis; floribus masculis tetrameris,

brevissime cymosis, calyce dense fulvo-pubescente, lobis oblongo-lanceolatis obtusiicsculis, corolld

glabra, urceolatd, staminibus circiter 16 corolhe basi insertis ; floribus femineis solitariis, sta-

minodiis 8—-10, ovario dense fulvo-tomentoso, 4:-loculari (?).

Flora, 1871, p. 332.

A small tree with young parts appressedly pubescent. Leaves oblong or oval-oblong,

rarely obovate-oblong, refuse or rarely (on the same stock) obtusely apiculate, on slender and

short petioles, acute or obtuse at base, chartaceous, of variable size 1—2 or 3—4 in. long.

Vol. XII. Part I. 31
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glabrous and shining above, for the most part slightly pubescent beneath on the midrib

;

veins conspicuous, net-veins lax. Flowers tetramerous, small, sessile or subsessile, axillary;

bracts linear, densely fulvo-tomentose, short.

$. Cymes very short, tomentose, calyx densely tawny-pubescent; lobes oblong, lanceo-

late, rather obtuse, corolla glabrous, scai'cely i in. long ; tube inflated ; lobes short, oblong.

Stamens about 16, inserted at the base of the corolla; filaments short, bearded; anthers

linear, acuminate. Ovary mdimentary.

5 . Flowers solitary, sessile or subsessile. Calyx larger than in the £ \ lobes widely

oblong, obtuse, at the base with margin plicate-dilatated and tinged with red. Corolla | in.

long. Staminodes 8—10. Ovary oblong densely fulvo-tomentose, 4-celled (?).

Siam, R^ldburi and Kauburi, Teijsmann 6000, 6007 in Herb. Bogor.

According to Kurz, somewhat resembling in general habit " D. heterophylla, Wall., and best

placed near D. tonientosa," Poir. I have not seen a specimen.

122. DiOSPYROS MACEOCARPA, sp. nov.

D. foliis alternis, oblongis, apice acutis vel suhacuminatis, hasi cuneatis, coriaceis,

subtiis puhescentlbus, subglabrescentibus, breviter petiolatis ; floribus masculis axillaribus,

hreviter cymosis, subsessilibus, pubescentibus, tetrameris, calyce campanulato, i-fido, corolld

^-fidd campanulatd, staminibus 16, geminatis, filanientis dense pilosis; fructibus solitariis,

subsessilibiis, ovoideis, glabratis, seminuvi albumine non ruminato.

Cargillia macrocarpa, Vieill. Hb.

Young parts shortly densely and softly pubescent. Branches dark, glabrescent. Leaves

oblong, acute or slightly acuminate at apex, somewhat narrowed at base into petiole,

alternate, coriaceous, dark-cinereous glabrous and shining above with slightly depressed

midrib, paler appressedly pubescent and sub-glabrescent beneath with duller veins ; margins

more or less undulated ; 2—5 in. long (besides petiole -^—\ in. long) by |—If in. wide.

<J. Cymes axillary, short, bearing about 3—5 subsessile flowers, about equalling the

petiole, softly pubescent, subferruginous ; common peduncle in bud about -^ in. long. Bracts

minute. Flower-bud ovoid, about i in. long, scarcely exceeding the calyx. Calyx cam-

panulate, erect, 4-fid, with deltoid acute lobes
;
glabrous except near margin and shining

inside. Corolla 4-fid, with rounded or mucronate sinistrorsely imbricated lobes; hairy

outside, glabrous inside. Stamens 16 in 8 pairs, the pairs an-anged in one row ; filaments

short, dilated and united in pairs at the base and (in young state) almost forming a short

tube at base of corolla, densely setose-pilose especially the outer ones; anthers lanceolate-

linear apiculate comparatively glabrous, but the outer ones surrounded by the dense long

hairs of the filaments. Ovary rudimentary, small, pubescent, surmounted by 2 styles.

2 . Fruit solitary, subsessile, ovoid, glabrate, about 1^ in. high by 1 in. thick or more,

apparently 4-celled, fleshy, with rather thin pericarp. Bracts caducous. Fruiting calyx flat,

4-fid, I

—

I in. across, shortly sub-pubescent outside, pubescent inside ; lobes widely ovate,

obtuse or mucronate. Seed rather more than 1 in. long, oblong, albumen not ruminated.

New Caledonia, Balade, Wagap, Vieillard! n. 890; Panchcr ! u. 251. i
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123. DiOSPYEOS PERFORATA, sp. nov.

D. glabra, foliis ovali-oblongi's, alternis, apice acuviinatis, bad angustatis, firmiter mem-
hranaceis, perforato-punctaiis, breviter petiolatis, nervis patentibus ; floribus inasculis aggregatis,

subses^ilibus, pithescentibus, campaniilatis, calyceprofunde 'i-fido, coroUd urceolatd (?), i-Jidd, Ivbis

latis, staminibus 16, geminatis, receptactdo insertis, interioribus brevioribus, antheris kispidis,

filamentis superne hispidis inferne glabris, ovario 0, receptaculo leviter hispido.

Glabrous except the inflorescence and buds; branches cinereous, longitudinally wrinkled.

Leaves alternate, oval-oblong, acuminate, narrowed at base, firmly membranous, scattered with

small dark glands especially alongside the midrib beneath, in places perforated, 6

—

1\ in. long

by 1|—2| in. wide, dark and shining above with depressed patent lateral veins, pale brown

beneath with rather distinctly mai-ked lateral veins
;
petioles channelled above, \ in. long.

<5. Flowers clustered, subsessile, few or several together on axillary or lateral nodules,

tawnj'-pubcscent, in bud about iin. long; bracts small, imbricated, on very short pedicels,

dark-cinereous; calyx deeply 4-fid, lobes deltoid, glabrous inside; corolla urceolate (?), 4-fid,

glabrous inside, appressedly silky outside, contorted sinistrorsely in aestivation, 4-fid, slightly

exceeding the calyx, lobes rounded ; stamens 16, united by their filaments in 8 pairs, inner

ones rather shorter, anthers longer than the filaments, with hairs on the back and front

especially on the back of the outer ones and on the front of the inner ones, connective

apiculate, filaments with spreading hairs above, glabrous beneath ; ovary or minute, repre-

sented by a few short hairs on the receptacle,

Ceram Island, Moluccas, De Vnesef 1857—61.

124. DiosPTEOS OBLOXGA, Wall. List n. 4124 (1828—32).

D. foliis oblongis, alternis, apice breviter acuminatis, basi obtusis, subcoriaceis, glabris,

petiolatis; Jioribws femineis 1

—

^-nis, brevissime cymosis, confertis, pentameris, calyce profiinde

lobato, hispidis, lobis undidatis basi auriculatis, corolld calycem cequante, camosd, ovario

ferrugineo-pubescente, 10-loculari; fructibus subglobosis, sitbglabratis, seminum albumine non

ruminato.

Alph. DC. Prodr. viiL p. 228. n. 26 (1844) ; G. Don, Gen. Syst. Gard. and Bot. iv. p. 40

(1837) excL synon.

A tree or shrub; branches terete or warty, glabrous, puberulous at the extremities,

dark. Leaves oblong, subcoriaceous, alternate, rounded near base, glabrous, shortly acu-

minate at apex, 5—9i in. long by 2—i in. wide, with petioles |

—

I in. long ; midrib strontr

and lateral veins numerous clear parallel and spreading, both depressed on upper surface.

9 . Flowers crowded, subsessile or in very short 1—3-flowered cymes, on short young

shoots or axillary, pentamerous. Calyx covered on both sides with a mixture of black and

ferruginous short hairs, ^in. long, deeply o-lobed, rather crass; lobes erect-patent with

wavy margins auricled at base. CoroUa 5-lobed, ferruginous-hairy outside, glabrous inside,

fleshy, not exceeding the calyx (in bud). Staminodes 5, glabrous. Ovary lO-ceUed, ferruginous-

hairy; cells 1-ovuled. Fruit subglobose, nearly glabrate, fin. long; surrounded at base by
blackish hispid calyx fin. across with appressed or somewhat spreading lobes having wavy
margins and auricled pouting bases; albumen homy, not niminated.

Penang, Wallich/ n. 4124; Singapore, Maingay! n. 967.

31—2
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125. DiosPYEOS Ebenaster, Retz. Obs. Bot., fasc. v., p. 31 (1789).

D. glabra, foliis alternis, ellipticis vel ohlongis, apice plerisque obtusis, basi angusfatis^

frmiter membranaceis, nitidis, petiolatis ; floribus i—G-meris, j^ubescentibus, axillaribtis'

polygamis, pedunculis brevibus unifloris vel mascvlis plurifloris, calyce 4

—

Q-Jido, lobis ovatis

margine revolutis, corolla urceolatd, apice lobatd, staminibus 8—20, leviter pubescentibus,

ovario pubescente, 4

—

lO-loculari; fructibus magnis edulibus, 4

—

IQ-spermis, albumine nan

ruminato.

Alph. DC. Prodr. viii. p. 235. n. 64 (1844) ; uon Spach ; nee D. Hebenaster, Gaertn.

Fruct. et Sem. PI. ii. p. 478. t. 179. f. 9 (1791).

Z>. digyna, Jacq. Hort. Schoenbr. vol. III. p. 35. t. 313 (1798); Alph. DC. I.e. p. 238. n.

80; non Hort.

D. revoluta, Poir. in Eucycl. Meth. v. p. 435. n. 18 (1804); Alph. DC. I.e. p. 234. n. 60.

D. obtusifolia, Hurab. et Bonpl. ex Willd. Sp. PI. iv. p. 1112 (1805) ; Humb. Bonpl. et

Kunth, Nov. Gen. et Sp. PI. in. p. 253. t. 247 (1818); Alph. DC. I.e. p. 227. n. 24; non Bert.

D. Sapota. Roxb. Hort. Beng. p. 40 (1814), Fl. Ind. edit. 1832, vol. ii. p. 535; Bot. Mag.

LXIX. t. 3988 (1843); Alph. DC. I.e. p. 228. n. 25.

n. sapotanigra, DO. Ess. Prop. lied. PI. p. 200 (1816).

B. edalis, Lodd. ex Sweet, Hort. Brit. p. 270 (1827) ; Alph. DC. I. c. p. 239. n. 90.

D. deeandra, Boj. Hort. Maurit. p. 200 (1837), non Lour,

Sapota nigra, Blanco, Fl. Filip. p. 409 (1837).

D. membranacea, Alph. DC. ! I. e. p. 227. n. 20 (1844).

D. nigra, Blanco, Fl. Filip. edit. ii. p. 211 (1845).

D. laurifolia, A. Rich. Fl. Cub. in Ramon de la Sagra, Hist, de Cuba, vol. xi. p. 86. t. 55

(1845—55), ex Walp. Ann. Bot. V. p. 480 (1858).

D. brasiliensis, Mart. Fl. Bras. Yil. p. 5. t. 2. f. 2 (1856).

Hebenaster, Rumph. Amb. ill. lib. iv. p. 13. t. 6 (1750).

Sapotte Negro, Sonnerat, Voy. 5, la Nouv. Guiu. p. 45. tt. 14—16 (1776).

A tall shrub or even lofty tree, quite glabrous except the inflorescence ; branches dark.

Leaves alternate, elliptical or oblong, usually obtuse at apex, somewhat narrowed at base, firmly

membranou.s, shining, evergreen, 3—12 in. long by Ii—3iin. wide; midrib depressed above;

net-veins not conspicuous; petioles ranging up to fin. long. Flowers polygamous, 4—6-

merous, |—1 in. long, pubescent; peduncles axillary, pubescent, .solitary, those producing

male flowers with several flowers, those with hermaphrodite or female flowers 1-flowcred,

^ J in. long, bracteate. Calyx ample, \~\ in. long, somewhat hairy on both sides, 4—6-fid,

lobes ovate, with revolute margins and sinuses. Corolla urceolate, twice the length of the

calyx, yellowish white or greenish, thick and fleshy, 4—6-lobed at apex, silky or nearly

glabrcsccnt. Stamens 8—20, slightly hairy, often some or all in pairs; filaments some-

what pilose. Styles 2—5; ovary pubescent, 4—10-cellcd. Fruit globose, 1|—4 in. in dia^

meter, glabrous, shining, of olive yellowish-green colour when ripe, filled with a dark soft

and paste-like pulp, edible; towards the centre of the pulp are 4—10 cell-s each con-

taining a largo oval compressed seed; albumen cartilaginous, not ruminated. Fruiting

calyx spreading, much thickened in middle, 5—6-fid, 1— l:i in. in diameter or less, puberulous

on both sides, lobes undulated. Fruiting peduncles about Jin. long.
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Local names, Faux Magostan in Mauritius, Lolin in Amboina, Sapotte negro, &c.

Philippine Islands, Sannerat, Blanco, flowers in Jul}-; Celebes, Jacquin; Amboina, Rumf.

Cultivated in Mauritius, at Calcutta, and Malacca, Maingay! 975 ; introduced into England

and France &c., where it requires a hot-house for protection. Occurs also in cultivated

places in tropical America, perhaps introduced; Mexico, Orizaba, Botteri! 909; Vera Cruz,

Galeotti! 4609 (2000 ft. alt.); Cuemavaca, Humboldt and Bonpland! 3984. (5000 ft. alt.);

Lizardo, Wawra/ 249; Miradon, Waivra! 1029; Brazil, Rio Janeiro, Schott and Puhl/

45()S; Cuba, Ricliard; Montserrat, Ryan I ex Hb. Vahl.

Blanco he. cit. states that the tree in the Philippine Islands grows to a height of

24—30 feet and is carefully cultivated as well as indigenous. He says that the flesh of

the fruit is blackish, and although it is eaten the taste is not well flavoured, that the

leaves have caustic properties, and that the unripe fi-uit is reported to poison fish. An
evergreen tree 30—50 ft. , high with light even-grained wood grown at Cordova, Mexico,

and called Zaj)otillo, probably belongs to this species; a specimen exists in the Kew Museum.

The tj'pe of this species cannot be found in Retz' herbarium at Lund in Sweden.

126. DiosPYEOS SAMOEXSis, A. Gray in Amer. Acad. v. p. 326 (1862).

D. foliis alternis, ovali- vel ovato-ohlongis, apice obtuse angustatis, basi angmtatis, coriaceis,

glabris, petiolatis ; jioribus masculis 3

—

^-nis, tetrameris, pubescentibus, calyce campanulato,

i-Jido, lobis obtusis, corolla campanulato, brevi, i-fidd, lohis obtusis ; staminibus 8

—

10, glabris;

floribus femineis solitariis, petiolatis, ovario hirsuto, S-loculai-i ; fructibus globosis glabris,

calycis fructi/en aucti tubo concavo depresso-cupuliformi, iJitus margine elevato ; seminum albu-

mine non ruminato.

Branches glabrous or young ones scarcely puberulous. Leaves alternate, glabrous, oval

or ovate-oblong, coriaceous, obtusely narrowed at apex, somewhat narrowed at base, 3—6 in. long

by li—3 in. wide; midrib depressed above; lateral and net-veins raised, slender; petioles

i—fin- long.

6 . Peduncles 3—9-flowered ; flowers tetramerous, I—| in. long, ovoid in bud. Calyx cam-

pauulate, liu. long, shortly puberulous, 4-fid ; corolla silky outside, 4-fid ; stamens 8—10,

glabrous, unequal, some in pairs.

? . Calyx-lobes rounded ; calyx about equalling the corolla
;
peduncles solitary, \

—h in. long,

puberulous, 1-flowered, equalling the flower; ovary hairy, 8-celled ;
fruit globose, |—liin. ill

diameter, glabrous ; fruiting calyx-tube flat or cupuliform with a raised border receiving the

base of the fruit, and with 4 obtuse spreading or recurved lobes, glabrous, about | in. wide
;
seeds

I—I in. long, closely packed together ; albumen not ruminated, white.

Navigators' Islands, South Pacific Exploring Expedition ! ; Friendly Islands, W. H. Earvey !,

(caustic berry for burning ringworms, &c.) " Tutuna." The foliage and fruiting calyx resemble

D. Ebenum, Koenig, but the plant is of a paler green colour and the flowers shorter.

According to the Rev. Thomas Powell in Seemann's Journal of Botany, vol. vi. p. 281 (1868),

tlie wood of this large tree is hard and used for axe-handles and spear-points ; the fruit is used

for poisoning fish ; and the secretion of the fruit is a vesicatory and turns the human skin black.

Also the Samoan children are said to insert the midrib of the cocoa-nut leaflet into the fruit and

kpply the liquid thus obtained to their arms to produce blisters and eventually permanent pro-

minences which they consider an ornament. Mr Powell describes the flowers as hermaphrodite.
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127. DIOSPYKOS Olen, sp. nov.

D. glahra,folm alternis, ovalibus, apice hreviter obtuseque acuminatis, basi cuneatis, coriaceis,

nitidis, idrinque delicate reticidatis, breviter petiolatis ; florihus femineis solitariia, hreviter pedzm-

culatis, axillarihus, bracteatia, 4- ranus 3-meris, calyce subglahro profunde lobato, lobis late ovatis

acuminatis basi cordatis, tuho intus margine elevato, corolld 4

—

S-fidd, lobis acutis, staminodiis

— 6, glabris, ovarto superne pubescente, in/erne glabra, 8-loculari.

Dark-cinereous, and except the inflorescence glabrous. Leaves oval, alternate, coriaceous,

narrowed at base and usually with a short obtuse acumen at apex, of the same cinereous colour

on both sides, somewhat shining on upper surface, with midrib depressed on upper side and net-

veins delicately raised on both sides, 2i—4 in. long by 1—Ig^in. wide
;
petioles ^,5—lin. long.

9 . Peduncles solitary, 1-flowered, axillary, ^

—

\ in. long, patent, pubescent, bearing caducous

patent lanceolate alternate bracts. Flowers usually tetramerous, rarely trimerous. Calyx

about 1 in. across when spreading, deeply lobed, very nearly glabrous ; lobes widely ovate

acuminate, widened and cordate at base, \—i in. long, spreading or reflexed, with numerous

j)arallel slight longitudinal veins; tube with raised internal hairy border at top. Corolla about

A in. high, glabrous in upper part, puberulous at least in places beneath, 3—4-fid, conical above

in bud ; lobes acute arching in flower outwards ; tube urceolate in flower. Staminodes inserted

on corolla, glabrous, about 6 (in a trimerous flower) or wanting (in a tetramerous one). Ovary

glabrous beneath, pubescent and suddenly narrowed towards apex ; terminating iu a short 4-fid

style glabrous at apex ; ovary 8-celled ; cells 1-ovuled,

Indigenous name Olen. I. Lifu, Deplanche ! No. 31.

128. DIOSPYROS Cakgillia, F. Muell. Austral. Veg. in Intercolonial Kxhibition Essays,

1866—67, p. 33 (1867).

B. foliis alternis, ovalihis vel oblongis, apice obtusis, basi cuneatis, coriaceis, glabris,

pallidis, breviter petiolatis, nervis subfus inconspicuis ; fiorihus masadis breviter cgjiwsis, pubes-

centibus, tetrameris, axillaribus, campaindatis ; calyce ^-fido, lobis deltoideis, corollcB lobis obtusis,

staminibus scepius 16, glabris, geminatis, corolla; basi insertis; fiorihus femineis 1—3-nis, h'e-

vissime cymosis, axillaribus tetrameris; staminodiis 8, imi-serialibus, glabris, corollce basi

insertis; ovario ovoideo, jmbescente, 'i-loculari, loculis hi-ovulatis; fnictibus glabratis, ovoideis

vel globosis, l-spei'viis, albumine non ruminato.

Annona microcarpa, Jacq. Fragm. Bot. p. 40. t. 44. f. 7 (1800—1809).

Monodora microcarpa, Dunal, Monogr. Anon. p. 80 (1817). Cfr. Brown iu Tuckey,

Congo, p. 475 (1818).

Cargillia australis, R. Br. Prodr. Fl. Nov. Holl. et Ins. Van-Diem. p. 527. n. 2 (1810)

;

Alph. DC. Prodr. viii. p. 243. n. 1 (1844); Bot. Mag. t. 3274 (1833); Ettingsh. Blatt-skel.

Dikot. p. 90. t. 35. f. 6 (1861) ; Bcnth. Fl. Austral. IV. p. 288. n. 3 (1869); F. Muell. Fragm. IV.

p. 82 (1864).

Maba Cargillia, F. Muell. Fragm. v. p. 162 (1866).

This species is cited on pages 30, 31, 36, 46, 54 by the name of Diospyros

australis.
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A large shrub or tree 20—40 or even 100 feet high, glabrous, or the young parts

and inflorescence with short hairs; trunk sometimes 2 feet in diameter. Leaves oblong or

oval, alternate, coriaceous, obtuse at apex, more or less narrowed at base, palish green

especially beneath, IJ—4^ in. long by |—liin. wide including petiole I—Jin. long; mid-

rib flattish depressed above ; lateral and net-veins in relief and not conspicuous ; frequently

with small black spots arranged in a row on each side of midrib beneath. Flowers dice-

cious, tetramerous (or rarely trimerous ?).

J. Flowers several together arranged on short axillary pubescent drooping cyme«

which without the flowers measure ^—^in. long; calyx -^ in. high, covered with pale ap-

pressed short hispid hairs, shortly lobed, campanulate, with deltoid lobes ; corolla I in. long,

deeply lobed, covered outside with pale short hairs, glabrous inside, ovoid in bud, campa-

nulate in open flower; lobes erect or recurved at apex, obtuse; stamens 12—16, usually

16, in pairs, glabrous, inserted at base of corolla; anthers longer than the filaments, lan-

ceolate linear, dehiscing by lateral slits near apex ; ovary rudimentary, hairy.

9 . Flowers 1—3 together, J in. long, on very short cymes, campanulate, pubescent

;

calyx xT^^' ^^S'^ ^J i^*^- thick, 4-fid; corolla deeply 4 -lobed, lobes obtuse; staminodes 8, in

one row, inserted at base of corolla, glabrous, with lateral slits ; ovary ovoid, hairy, 4-celled

;

cells often with 2 ovules, without any trace of a dissepiment between them, alternate with

the calycine lobes ; style hairy, 2-lobed at apex ; stigma 2-lobed and glabrous. Fruit glo-

bular or ovoid, i—§ in. thick, fuscous and glabrescent when ripe, edible, ultimately 1-celled

and 1-seeded ; albumen of seed not ruminated ; fruiting calyx about J in. high, cup-shaped,

shortly puberulous or nearly glabrous. Fruit called Grey plums. Slender-growing tree, with

elongated trunk and elegant rigid foliage. Wood close, vei-y tough and firm.

In the forest regions towai-ds the coast through New South Wales and Queensland.

Australia, HiigeH; Queensland, Brisbane River, Moreton Bay, F. Mueller; Eockhampton,

Dallachy ! ; Crocodile Creek, Bowman; New South Wales, Port Jackson to the Blue Mountains,

R. Brown!, F. Mueller! ; Berrima and Richmond River, C. Moore; Hastings and Mackay

Rivers, 5eci-fer.'/ l\\A\i&rr&, A. Cunninghain! ; Sydney, Bi/noe ! ; Sydney woods, Paris Exhibition

"No. 20, M.3facarthur!; New South Wales, Kiama, W.H.Harvey!; Cabramatta River, W. Woolls.

129. DiosPTROS Malacapai, Alph. DC. Prodr. viil. p. 237. n. 75 (1844).

D. foliis alternis, ovalibus, glanduUs sparsis ; floribus axillaribus, 1^'3-nis, calyce i-lobo,

baccd globosd, i-loculari, loculis 2-spermis.

A small tree having yellow wood, with some black spots ; said to keep off bugs when fresh.

Leaves alternate, oval, with some scattered glands especially at the end. Flowers axillary, 1—

3

together ; calyx 4-lobed ; fruit baccate, globose, 4-celled ; cells 2-ovuled.

Local name Malacapai (Blanco, Fl. Filipin. p. 302, 1837) ; Tagatog, Philippine Islands,

Blanco.

130. DiOSPTROS SPINOSA, sp. nov.

D. spinosa, foliis alternis, ovalibus, apice acuminatis vel obtusiusculis, basi rotundatis vel

subcordatis, junioribus subtus pubescentibus ; margine revolutis, breviter petiolatis ; floribus
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mascuUs br'evissime cymosis, parvis, tetrameris, calyce hemisphwrico, corolld prqfunde 4:-lobd,

staminibus 16, glabris, ovarii rudimento glabra.

Dull, spinous
;
young parts and inflorescence ferruginously tomentose-pubescent ; branches

terete. Leaves alternate, coriaceous, oval, acuminate or pointed at apex, rounded or sub-

cordate at base, with whitish loose hairs beneath when young, subglabrescent, dark green above,

browner beneath, 1|—3 in. long by |—IJ in. wide; margins recurved; petioles ^ in. long,

pubescent, terete.

tJ . Inflorescence arranged in very short axillary cymes on the young branches ; flowers

^ in. long (in bud), subglobose, tetramerous. Calyx about half the length of the flower, hemi-

spherical, appressedly hairy outside, glabrous inside, deeply 4-fid ; lobes rounded, sinistrorsely

contorted in bud. Corolla subglobose, glabrous except 4 hairy lines outside along middle of

lobes, deeply 4-lobed ; lobes rounded, sinistrorsely contorted in estivation. Stamens 16, glabrous,

subequal (1), in two rows (?), distinct, inserted at or near base of corolla ; anthers lanceolate,

acute, longer than the filaments, dehiscing laterally from the apex ; ovary rudimentary,

glabrous.

Brazil, Martius ! Herb. Keg. Monac, Ebenacese n. 144.

131. DiOSPTEOS OVALIS, sp. nOV.

D. fruticosa, foliis alternis, ovalibm, utrinque rotundatis, apice mucronatis, basi subcorda-

tis, supra glabris nitidis, subtus villosis, subcoriaceis, breviter petiolatis ; florihus masculis

hreviter cymosis, tetrameris, profunde lobatis, corollw lobis obovatis patentibns, staminibiis circi-

ter 20, glabris.

A shrub, 2—3 feet high. Young parts underside of leaves and inflorescence and especially

the buds subferruginous-pubescent. Branches terete, glabrescent and nitescent, numerous.

Leaves (of the shoots of the current season) oval, alternate, subcoriaceous, mucronate at apex,

subcordate at base, dark shining and glabrous above except depression of midrib, without

conspicuous veins, shaggy underneath with ciUated margins, about 1 in. long by J—| in. wide

;

petioles about ^'^ in. long, pubescent.

i. Inflorescence at the base of the shoots of the current season, cymose, with few or

several flowers rather loosely arranged; cymes (excluding the flowers) ^—j in. long; pedicels

about \ in. long ; bracts oval, densely pubescent. Flowers ^ in. long, tetramerous, green.

Calyx ^ in. long, partite with lanceolate erect-patent lobes, pubescent on both sides. Corolla

I in. high (^ in. long when straightened), glabrous except 4 lines of hairs outside; lobes'^ in.

deep, obovate, erect-patent and recurved at apex. Stamens 20 (18—20 ex Bcnth. MS. in Hb.

Cantab.), equal, glabrous; anthers linear; filaments short, united almost in a short tube.

Ovary rudimentary, glabrous f^),
minute.

Brazil, Pemambuco, sandy open places, Rio Preto, September. Gardner I 2813.
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132. DioSPYROS HISPIDA, Alph. DC. Piodr. VIII. p. 236. n. 68 (1844).

D. follis altemis, ovalihus vel ovali-ohlongis, apice cuspidatis vel acuminatis, basi scephis

obtusis, suhco7'iaceis, subtus ferrugineo-hispidis, brevitsr petiolatis ; jloribas mascidis 2

—

4--nis,

breviter cymosis, 4-meris, calyce hispido, -i-partito, lobis lanceolatis, corolUi pii'ofunde lobatd,

lobis oblongis, staminibus 18—2-i, szibcequalibus, glabris, ovarii rudimento pubescente ; floribus

femineis 4

—

5-mens ; fructihits sulitciJ-iis, ghbosis, dense ferrugineo-Jdspidis, cai'nosis, 8-locuIa-

ribus ; calyce fructifero 4

—

o-partito, patente, lobis lanceolatis.

Miq. in Mart. Fl. Bras. vil. (Eben.) p. 4. n. 2 (ISoG).

An arborescent shrub or tree, 10—30 feet high, with shoots underside of leaves and

inflorescence ferruginous-hispid; branches spreading. Leaves oval or oval-oblong, cuspidate

or acuminate, usually obtuse at base sometimes narrowed or in S subcordate, subcoriaceous,

alternate, 2—5 in. long by 1—2^ in. wide, darker and pubescent-velutinous above; petioles

I—I in. long, hairy.

(J . Flowers f in. long, in 2—4-flowered distant or usually contiguous cymes (^—| in.

long) ;
pedicels -^—I in. long. Calyx |—i in. long, ferruginous-hispid on both sides, 4-partite,

with lanceolate lobes. Corolla green, deeply 4-lobed, pubescent along longitudinal stripes ; lobes

oblong, somewhat narrowed at apex. Stamens IS—24, subequal, some or all in pairs, glabrous;

anthers linear; filaments short. Ovary rudimentary, globose, hairy.

9 . Flowers few together, in short cymes, tetramerous or pentamerous. Fruit solitarj',

on pedicels y'^j

—

I in. long, densely ferruginous-hispid, globose, pointed at apex, about 1 in.

in diameter, fleshy, 8-celled, 8-seeded. Fniiting calyx 4—o-partite, spreading, IJ in. across;

lobes lanceolate. Seeds 8, oblong, compressed, j in. long.

Brazil, between Goiaveira and Corrego de Jeragua, Burchell ! 7437, <J fl. Aug., tree

20—30 ft. high, corolla green ; between Corrego-fiindo and Porto-Real, Burchell ! 8396, in

young fruit, November, tree 20 ft. high; Gozaz, 10 ft. high, Burchell! C994 ; Minas Geraes,

Claussen! 478.

133. DiosPTROS GoUDOTii, sp. nov.

D. foliis altemis, ovato-oblongis, apice acuminatis, hasi subcordatis, subsessilibus, sub-

membranaceis, siiprci glabrescentibus, sitbtus puberidis ; fructibiis globosis, solitariis, axillaribus,

psdunculatis, papilloso-'cerrucosis, pilis aspersis, calyce patente, 5-lobo, non aucto.

Young parts tawny- or ferruginous-pubescent ; shoots terete, puberulous, glabrescent.

Leaves alternate, ovate-oblong, mdest near the middle, submembranous, acuminate at apex,

subcordate at base, subsessile, glabrescent and dark gTeen above with conspicuously de-

pressed veins, puberulous and reddish browTi below at least on vems, 6—10 in. long by

2 4 in. wide ;
petioles ^

—

I in. long, ferruginous-pubescent. Fruit globose about 1 in. in

diameter, scattered with pilose hairs, ferruginous-pilose at apex where is base of broken

style
;

papillose-verrucose. Fruiting calyx not accrescent, hairy on both sides, spreading,

f in. across, with 5 ovate or lanceolate lobes i—J in. long. Fruiting peduncle f—i in. long,

ferruginous hispid-pubescent, thick, erect-patent, axillary, solitary, 1-fruited ; bracts at base

of peduncle, ovate, imbricated, caducous, ranging up to | in. long.

New Granada, Muzo, Goudot ! No, 3.

Vol. XII. Part L 32
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13i. DiosPYROS GAULTHERLEFOLIA, Mart. Fl. Bras. VII. (Eben.) p. 5. n. 5. t. 2. f. 1 (1856).

D. foliis distichis, oblongis, apice obtusis, basi subcordatis, tenuiter coi-iacew, subtus

prasertim sectts nervos ferrngineo-hispidis, breviter petiolatis, marginihus in sicco late reflexis

;

floribus mascidis aggregatis, brevissime cymosis, 5-meris, cali/ce campanulato, 5-Jido, corolla

profundi hbatd, staminibus oo so jnlosis, floribua femineis subsessilibus aggregatis ; fructibus

solitariis vel binis, globosis, apice abriipte conicis, setosis, papilloso-verrucosis, albutnine non

ruminato.

A shrub or small tree 12—14 feet high ; with rufous-hairy terete branches, spreading

at 60°, glabrescent. Leaves oblong, distichous, obtusely lanceolate at apex, subcordate at

base, thinly coriaceous, margins widely reflexed in the dry state; dark shining and glabrous

except the midrib, with depressed veins above ; ferruginous-hispid especially on the veins

beneath ; 2—5^ in. long by 1—2 in. wide
;
petioles ^l in. long.

«J. Flowers clustered in axils of leaves; cymes short, with oblong bracts glabrous inside,

-3- in. long, pentamerous; calyx campanulate, ferruginous-hairy on both sides, 4% in. long,

lobes ovate-oblong, A in. long ; corolla glabrous outside except a few pilose hairs along 5

lono-itudinal lines outside, 5-sided in bud, deeply 5-lobed ; stamens 4-5—75, anthers linear,

slender, ^vith long scattered ferruginous hairs, filaments short, combined at base and inserted

at base of corolla or on the receptacle, nearly glabrous ; ovaiy or minute.

9 . Flowers in subsessile clusters. Fruit solitary or 2 together, globose but abruptly

pointed at apex, with long ferruginous stiff haii's that easily rub off, papillose-verrucose,

scarcely 1 in. long, pulpy. Fruiting peduncle hairy, ^ in. long; testa thick; albumen not

ruminated ; fruiting calyx with (4 or) 5 deep lanceolate lobes hairy inside, spreading, nearly

1 in. across.

Brazil, Bahia, Blanchet 1886 ; common in sandy shrubby places near Maqeio, Alagoas,

February, 1838, Gardner! 1412, in ? fl. and fr. The anthers in the figure quoted above

are incorrectly drawn as glabrous except the apex.

135. DiOSPYROS SUBROTATA, Sp. nOV.

D. foliis distichis, ovalibus, apice scepe acuminatis, basi subcordatis, tenuiter coriaceis,

breviter petiolatis, casta exceptd glabrescentibus ; Jiorihus masculis axillaribus, cymosis, 5—6-

meris, calyce aperte campanulato, corolld partita, svhrotatd, lobis obtusis patentibiis, stamini-

bus circiter 20, antheris pilosis, linearibus ; fioribus femineis sub-6-nis, fructibus piibescentihis.

A shrub of 8 feet high, or a small tree of 18—30 feet
;
young parts with pale appressed

pubescence, glabrescent except the midrib of loaves and inflorescence. Leaves oval- or ovate-

oblong, subcordate at base, more or less acuminate at apex, thinly coriaceous, with midrib

depressed on upper .side, distichous, with margins slightly reflexed, 8—7 in. lung by H

—

3 in. wide ;
petioles ^^j—| in. long.

<J . Inflorescence axillary, cymose, with several or numerous flowers and spreading pedicels,

pubescent with short appressed hairs; cymes ^—| in. long; pedicels 5^5—^in. long; flowers

pentamerous or liexamerous ; calyx openly campanulate, with short deltoid lobes, with short,

appressed inconspicuous pubescence, ^'5—^ in. long ; corolla subrotate, nearly h in. in diameter.
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with deep oval spreading convex lobes, | in. long, with longitudinal stripes of appressed hair

outside, glabrous inside, rather thick ; stamens about 20 ; anthers pilose, linear ; filaments

consolidated, short, pistil 0.

9 . Flowers about 6 together in axillary cymes. Fruiting pedicels i—^ in. long or verj-

short (sessile ex Burchell MSS.) ; fruit depresso-subrotund, 4-5-sided, yellow, shining, with

scattered appressed short hairs, and nearly smooth skin, probably about 1 in. in diameter;

fruiting calyx | in. across with acute deltoid spreading lobes and short appressed hairs inside.

Brazil, at Para, Burchell! 9923, 9952, j fl. December; at Baiao, Burchell! 9275.

Fruit in June.

136. DioSPYROS POLYANDRA, Spruce iu Journ, Proc. Linn. Soc. Lond. V. p. 7 (18G1).

D. foliis distichis, ovato-ohlongis, apice acuminatis, basi subcordatis, tenuiter coriaceis,

subtus pubescentibus, breviter petiolatis; jloribus masculis axillaribus, cymosis, 4

—

7-sapius

6-meris, calyce hemisphcerico extus fulvo-pubescente, lobis acutis, coroll<B lobis profundis,

patentibus, staminibus 40—50; antheris linearibus, pilosis, filamentis brevissiviis, basi

connatis.

A tree 18—30 ft. high, with a trunk 9 in. in diameter, and branches arranged in sub-

terminal whorls, long, subsimple, leafy throughout, tawny-hairy at the extremities. Leaves

ovate-oblong, acuminate at apex, subcordate at base, 3J—6 in. long by 1^—3 in. wide, with

petioles -^-^—;^in. long, distichous, thinly coriaceous, with recurved edges, with scattered

appressed pubescence, glabrescent above ; veins depressed on upper surface of leaf.

<J . Liflorescence in axillary not very crowded cymes which without the flowers measure

about h in. long, densely hispid-pubescent, tawny
;

pedicels -^-^
—^ in. long ; bracteoles de-

ciduous ; flowers 4—7- usually 6-merous, white, sweet-scented, about ^ in. long and cylin-

dric-conical in bud ; calyx hemispherical, about j in. long, with short acute lobes, glabrous

inside, tawny-hairy outside ; corolla with oval-oblong deep lobes spreading in flower, glabrous

inside, with longitudinal stripes of hair outside; stamens 40—50; anthers Hnear, pilose;

filaments very short, connate at base
;

pistil 0.

Brazil, south bank of Rio Negro at confluence with river Solimoes, Spruce/ 1528; fre-

quent on the banks of the Casiquiare, Spruce ! 3166. <J flowers in May and sparingly in

November. According to Mr Spruce, the branches are arranged in whorls of five (very rarely

three or four).

137. DioSPTROS C0CC0L0B>EF0LiA, Mart. Fl. Bras. vil. (Eben.) p. 6. n. 7. tab. 1. fig 1 (1856).

B. foliis alternis, ovalibus, utrinque obtusis, discoloribus, tenuiter coriaceis, subglabris, petio-

latis; jloribus masculis breviter cymosis, axillaribus, calyce scepius 4t-partito, lobis ovatis vel

lanceolatis, patentibus, ciliatis, corollu 4

—

6-partitd, lobis oblongis patentibus, staminibus 18—24,

plerisque geminatis, hirsutis ; Jloribus femineis 1

—

i-nis, 4/-meris, staminodiis 4, ovario ovoideo-

conico, piloso, i-loculari, loculis 1-ovulatis.

A small or moderate-sized dioecious tree, glabrescent in most parts. Shoots and lower surface

of leaves pubescent especially on veins and margins, sometimes glabrous. Leaves oval, thinly

32—2
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coriaceous, or thictlj' membranous, somewhat or scarcelj' contracted and sometimes oblique at

base, rounded obtuse or emarginate at apex, with about 8 lateral veins on each side at about

50"—60° with midrib, alternate, 2—4J in. long by 1—3| in. wide ; angular divergence f ; net-veins

pellucid in Gardner's specimen, not so in Martin's nor in Pohl's ; bluish green above, browner

beneath ; hairs ferruginous
;

petioles i—^ in. long, somewhat decurrent, lea^-ing large scars

on the branch ; bracts transversely oblong, glabrous inside.

(J . Inflorescence in axillary, tawny-pubescent, usually 3-flowered drooping cymes -j^,—J in.

lono-. Flowers i in. long, green. Calyx I—| in. high with (3 or) 4 lobes, ta%vny-hairy outside ;
lobes

ovate or lanceolate, ciliated, almost as deep as the calj-x, erect-patent. Corolla glabrous, or with

hairy lines on back, with 4—6 very deep oblong lobes much imbricated in the bud, erect-patent.

Stamens IS—24, many or all united by their filaments in pairs, i

—

I in. long, nearly equal,

inserted at verj' base of corolla (hairy either on the anthers or filaments), contiguous ;
filaments

short and with spreading hairs (not so in Gardner's specimen), anthers linear-oblong, glabrous

(pilose at base in Gardner's specimen), A in. long; pollen widely ellipsoidal. Ovary rudimentary,

fulvo-sericeous, hemispherical, small ; style 0.

9 . Inflorescence and outside of calyx fulvo-sericeous. Flowers axillary, solitary or 2—

4

too-ether
;
peduncles |—^ in. long, thick, solitaiy or 2 together, articulated to the branches.

Calyx ^ in. high, with 4 ovate-acute lobes. Corolla tubular, 4-fid, twice the height of the calyx,

white, glabrous. Staminodes 4, inserted at the base of the corolla and alternate with its lobes,

'

filiform, included, with rigid hairs at base, glabrous above. Ovary ovoid-conical, covered with

shinino- erect hairs, continuous with 4 linear oblong truncate-obtuse stigmas, "apparently 4-

celled" with 1 ovule in each cell

A fruit, collected by Gardner from Brazil, where it is called Marmaleiro, and is said to be

good to eat, probably belongs to this species ; it is subglobose, rugose in the dry state, and nearly

glabrous, but pointed and tawny-pubescent at apex, f in. thick ; the calyx is spreading, slightly

pubescent, with 4 deep ovate-oblong lobes, about ^ in. across.

Brazil, Serra de Aivaripe, Gardner/ 1511 {£ fl. October) ; in hot dry places near the river

S. Francis in prov. Minas, e.g. near Salgado and in the desert towards Yao do Pai-auan, $ flowers

in August and September, Martins ! ; near Oliveira, Pohl! 455.

138. DiosPYROS Pearcei, sp. nov.

D. foliis alternis, ovato-oblovgis, apice acuminatis, basi ohtusis vel rotundatis, tenuiter coriaceis,

suhtus appresse puhescentihus, petiolatis ; foribm masculis aggregatis, subsessilibtis, scnpiiis penta-

meris, cabjce campamdato, extus piibescente, !>-fido, lobis deltmdeo-acutis, corolla subrotatd, lobis

patentibus, staminihus circiter 30, receptaculo insertis, antheris linearibus, pilosis, filamentis

brevibus basi connatis.

Young parts densely tawny-pubescent; an evergreen (?) tree, 15ft. high. Leaves ovate-

oblong, rounded or slightly naiTowcd at base, alternate, acuminate at apex, thinly coriaceous,

dark green and glabrous above except the depressed midrib and veins, with scattered appresscd

pubescence beneath, C—7i in. long by If—24 in. wide: petiole ^—\m. long, pubescent.

$ . Flowers very numerous and crowded, subsessile,
-J—J in. long, conical in bud, white,

pentamerous or occasionally hexamerous. Calyx campanulatc, | in. long, pubescent, 5-fid
;
lobes
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deltoid-acute, glabrous iuside. Corolla with hairy lines outside, twnce the length of the calyx,

deeply 5-lobed, subrotate, lobes spreading. Stamens about 30; anthers linear, pilose, with
long terminal apiculus ; filaments short, combined at base, inserted on receptacle ; ovary 0.

5. America, Peru (?), Monterico, 3000—4000 ft. alt., rare, Pearce

!

139. DiOSPYROS PERUVIANA, sp. nov.

D. foliis alternis, ohlo7)gis, apice acuminatis, hasi mbrotundis vel angustatis, coriaceis, sitbtus

puhescentibus, petiolatis ; floribiis masculis aggregatis, cymosis, b—6-meris, calyce campanitlato,

extus pubescente, 5

—

Q-fido, lobis lanceolatis vel ovatis, corolla pro/unde lobatd, lobis rotundatis

patentibus, staminibus 36—45, pilosis; floribus femineis aggregatis, subsessilibus, fructibns siib-

globosis, papilloso^nigosis, setosis, calyce fructifero patente, non aucto.

Young parts underside of leaves and inflorescence ferruginous-pubescent. Leaves alternate,

more or less oblong, acuminate at apes, coriaceous, deep green, shining and glabrescent except

the depressed veins above, pubescent beneath especially on the veins and recurved maroins,

3—6 in. long by 14—2 in. wide
;
petioles -1—^ in. long.

6 . Flowers cymose, several together, ^~f in. long, crowded ; cymes (excluding the flowers)

i—I in- long
;
pedicels ^—i in. long

;
calyx campanulate I—i in. long, densely pubescent outside

slightly so inside, 5— 6-fid, lobes ovate or lanceolate, acute; corolla deeply 5—6-lobed, 4 ^'m.

long, lobes rounded, spreading widely in full flower, much imbricated sinistrorsely in bud, each

with a longitudinal stripe of dense ferruginous silky haii-s outside ; stamens 36—45, appearino- at

the mouth of the open corolla, anthers linear, pilose, filaments glabrous or nearly so, combined at

the base ; ovary wanting.

Var. a. Sprucei. "A small tree, 15 feet high, not rarely pendulous at apex, with lono'

subpinnate branches, 5 or occasionally 3 or 4 together." Leaves ovate-oblong, nearly rounded

at base. S flowers white, scentless, about | in. long. Stamens about 45. J flowers in sub-

sessile clusters. Fruit sub-spheroidal, | in. thick, f in. long, papillose-rugose, covered with

fen-uginous setse, with remains of 4 styles at apex, yellow, rather fleshy, fruiting calyx not

accrescent, 7-fid, spreading, about ^ in. across, bearing remains of calyx at base of fruit.

Tarapoto, E. Peru, in young woods, 3' fl. in January, 1856, fruit in October, 1855, Spruce!

n. 4411.

Var. /3. ocanensis. Leaves oblong-lanceolate, narrowed at base. <? flowers greenish,

dashed with rose-colour, about ^in. long. Stamens 36. New Granada, Ocaua, 3500 ft. alt,

flowers in June, Schlim ! n. 698. Perhaps a distinct species.

140. DiOSPYROS Weddelii, sp. nov.

D. foliis alternis, oblongis, apice obtus^ acuminatis, basi cuneatis, coriaceis, glahns, breviter

petiolatis, nervis inconspicuis ; cymis femineis puberulis, paucifloris ; fructibus globosis, verru-

cosis, breviter pubescentibus ; seminum albumine non ruminato ; calyce fructifero parvo,

patente, 5-fido, utrinque pmherulo, lobis ovato-deltoideis.

Branches terete, young shoots puberulous, quickly glabrescent ; bark of older branches

pale. Leaves alternate, oblong, obtusely acuminate at apex, alternate at base, coriaceous.
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glabrous, undulated in the dry state, 1^—5 in. long by |—li in. wide
;
petioles |—J in. long,

veins inconspicuous.

5. Cymes axillary, puberulous, few-flowered, I in. long. Fruit globular, verrucose,

shortly pubescent between the rough points, IJ in. in diameter, tipped with remains of

ferruginous-silky style. Albumen of seeds not ruminated. Fruiting calyx small, flat, 5-fid,

puberulous on both sides, ^ in. in diameter, lobes ovate-deltoid.

Brazil, near Rio de Janeiro, Weddell ! 577.

141. DioSPTROS GLOMERATA, Spruce in Joum. Proc. Linn. Soc. Lond. V. p. 7 (18G1).

D. foliis altemis, ovato-ohhngis, apice acutis acuminatis, bast rotundatis vel subcordatis,

firmiter memhranaceis, subtus imllidis appresse pubescentibua, breviter petiolatis ; Jloribus mas-

cuUs aggregatis, axillaribus, sessilihus, sericeis, 5—6-meris, calyce campanulato, corolla profunde

lobatd, lobis patentibus, staminibus 26—33, senceis ; fructibus immatiiris subglobosis, aub-10-

locidaribus.

A slender tree 20—30 feet high ; branches 5 together arranged in 3 subterminal whorls,

veiy long (12 feet), simple or rarely forked, leafy and flowering to the ba.se ; terminal buds

narrowly conical, covered with dense short yellowish hair
;
young shoots puberulous with short

brown curly-patent hairs, terete, glabrescent, dark, smooth. Leaves alternate, ovate-oblong,

firmly membranous, usually rounded or subcordate at base, acuminate and acute at apex,

6—12 in. long by 2—4| in. wide ; dark green with few scattered weak pale hairs, glabrescent,

and with depressed midrib above
;
pale and covered with appressed hairs and with raised and

darker veins beneath
;
petioles \

—\ in. long, patent, slightly bent upwards at point of attach-

ment of leaf Flowers sub-polygamous, pentamerous or hexamerous.

(5. Flowers numerous in crowded axillary sessile clusters, pale, silky, "white," scentless,

about \ in. long, pentamerous or occasionally hexamerous ; bracts rounded, imbricated, hairy.

Calyx campanulate, 5—6-fid, with acute deltoid or ovate lobes, glabrous or nearly so inside.

Corolla deeply 5—6-lobed ; lobes oblong-obovate, glabrous inside, incurved near apex, erect-

patent, distant upwards when in full flower, imbricated sinistrorsely in bud; stamens nearly

equal, 26—33, clustered and more or less united at base, inserted at base of corolla or on

receptacle ; anthers linear, with long straight silky hairs on back and front ; filaments short,

glabrous. Ovary or in subliermaphrodite flowers ovoid pubescent 10(?)-ceUed terminated at

apex by 5-lobcd style. Young fruit subglobose, about 10-celled.

N. W. Brazil, near Panurfe by shady banks of Rio Uaupes, Spruce! 2701, November;

Martiua!/ French Guiana, Martin!

142. DiosPYROS CAPRE.EFOLIA, Mart. MSS. in Herb.

D. foliis altemis, ovnli- vel ovato-oblongis, apice acuminatis, basi angustatia, tenuiter cori-

aceis, subtus pallidis, subglabris, breviter petiolatis; Jloribus mascidis subseasilibus, 4

—

o-ineris,

adyce campanulato, 4

—

o-Jido, corolld subrotatd, staminibus circiter 45, pilosis, corolla basi

insertis; Jloribus femineis solitariis, aessilibus, b-meris, ovano dense hirsuto, stylis 4(?)

A tree 40 feet high ; terminal buds small, rufous-hairy, lateral, often hard
;
young shoots
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with scattered rufous hairs,, glabrescent ; branches spreading at 40°—70", terete, with a rather

pale cuticle. Leaves oval or ovate-oblong, somewhat narrowed at base, acuminate at apex, thinly

coriaceous, dark green shining and glabrous except depressed midrib and -ndth depressed veins

above, pale, subglabrous except the veins beneath, alternate, 2—3 iu. long by ^—l^^ij
in. wide

;

petioles ^—J in. long.

<J. Flowers few togethei-, in subsessile clusters, tetramerous or pentamerous; calyx

4 in. long, with scattered appressed hau-s, campanulate, felted within, 4—.5-fid, lobes deltoid

acute Jjj in. long ; corolla ^ in. long, glabrous except longitudinal stripes of brown hairs outside,

subrotate, lobes oval, spreading, i in. long ; stamens 45 (in one pentamerous flower), inserted at

base of corolla, anthers linear, with a few pilose erect hairs ; filaments glabrous, combined at

base ; ovary rudimentary.

? . Flowers solitary, sessile, pentamerous, bracteate at base. CaljTc 5-fid, with deltoid

lobes, hairy on both sides; corolla spreading, Ij in. across or more, glabrous outside; ovary

densely hairy, subrufous. St3des 4 (?), glabrous, erect, exceeding the ovary.

Brazil, Cape Frio, Rio de Janeiro, Sella 1011.'; Maranhao, Don!; Guinea, Surinam,

MaHius ! 1G78.

143. DiosPYROS Mannii, sp. nov.

D. foliis alternis, ovali-oblongis, apice acuviinatis, basi angustatis, firmiter menihranaceis,

subtus pallidis, subglabris nervis exceptis, breviter petiolatis ; floribus masculis dense cymosis,

axillaribus et secus ramos vetustos lateralibus, 5—6-»iens, calt/ce profunde lobato, corolla sub-

rotatd, staminibus 15—17, subcequahbiis, hispido-pilosis.

A tree, with young shoots rufous-hispid or afterwards fuscous-hispid ; older branches dark,

glabrate, spreading at about 50°. Leaves oval-oblong, narrowed at base, acuminate at apex,

alternate, firmly membranous, glabrous and with depressed veins above, glabrous (except a few

isolated erect hairs) and paler on the lamina and with rufous hispid hairs on the raised midrib

and lateral veins beneath, flat, 5—7^ in. long by li—2^ in. wide; petioles fuscous, hispid,

|—^in. long.

<J . Inflorescence often on older branches, in several- or many-flowered dense short rufous-

hispid cymes in the axils of present or fallen leaves
; pedicels short ; flowers | in. long, pen-

tamerous or hexamerous. Calyx ferruginous-hairy on both sides, ^5—| in. long, deeply 5-—6-fid,

with lanceolate somewhat spreading lobes. Corolla subrotate in full flower, ovoid-conical iu

bud, \ in. high, 5—6-partite, glabrous except patches of short pale hairs along exterior of

lanceolate-oblong spreading lobes. Stamens 15—17, nearly equal, about i in. long, appearing

at open mouth of corolla, hispid-pilose, -with pale ferruginous hairs, on short filaments, not in

pairs. Ovary wanting, represented by a few hispid hairs.

West Equinoctial Africa, Gaboon River, $ fl. July, Mann ! 924.

144. DioSPYROS ARTANTH.EFOLIA, ilart. Fl. Bras. VII. (Eben.) p. 7 (1856).

D. foliis alternis, ohlongis, apice cuspidato-acuminatis, hasi rotundatis vel angustatis,

crassiuscide memhranaceis, subtus fusco-hirtis, pallcntibus, petiolatis; fioribus femineis axilla-

ribus, solitariis vel bints, calyce b-partito, hirtulo, baccis depresso-glolosis, 8-locularihis, dense

rufo-setosis ; calycis fructiferi lohis obtusis deltoideis.
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Sinuous branches petioles and underside of leaves especially on the midrib and rather

prominent veins villous %vith brown hairs. Leaves rather thickly membranous, oblong or ovate-

oblong, 4—7 in. long by 2—4 in. wide, cuspidate-acuminate, rounded or contracted at the base,

dark green, rather paler beneath, with 8—13 lateral veins on each side, alternate; petioles

J in. long; veins depressed above.

9 . Flowers axillary, solitary or 2 together, subsessile in fruit ; calyx 5-partite, somewhat

hairy ; fruiting calyx divided beyond the middle ; lobes triangular, rather obtuse, tawny-

setulose especially in middle. Berry densely rufous-setose, 8-celled, depresso-globose, setae

shining.

S. America, N. Peru, Maynas, in woods, Poppig ! 2266.

145. DIOSPTROS PcEPPiGiANA, Alph. DC. Prodr. vill. p. 224. n. 9 (1844).

D. foliis alternis, ovali-lanceolatis, apice obtuse acuminatis, basi cuneatis, tenuiter cori-

iweis, subtus appresse-puhescentibus, breviter petiolatis ; floribus vuisculis breviter cymosis, fulvo-

pubescentibus, cahjce apeiie campanulato, breviter 4

—

o-fido, corolla tubulosd, apice obtuse lobatd,

utaminibus 12—20, subcequalibus, filamentis brevibus glabris, antheris hispidis ; fructibus glo-

bosis, appresse papilloso-pubescentibus, calyce fnictifero non aucto patente.

Miq. in Mart. Fl. Bras. vii. (Eben.) p. 4. n. 4 (18.5G).

A small bushy tree, rarely erect, 15—25 feet high ; alternate branches and iinderside of

leaves with scattered appressed hairs. Leaves oval- or oblong-lanceolate, obtusely acuminate or

narrowed at apex, cuneate or abruptly narrowed at base, alternate, thiuly coriaceous with

very slightly reflexed margins, glabrescent above except the depression of midrib, 2—4 in. long

by I—1| in. wide; petioles j—|^ in. long; lateral veins inconspicuous.

S . Inflorescence tawny-pubescent, cymose, bearing few or several flowers, in short cymes

which measure about ^ in. long exclusive of the flowers; pedicels short, reflexed; flowers | in.

lone, tetramerous or pentamerous ; bracts ovate, acute, caducous ; calyx j'^ in. high, openly and

shortly carapanulate, shortly 4—5-fid with acute lobes, dark, with pale pubescence outside,

glabrous inside ; corolla -^^^ in. long, tubular, bright tawny-hairy outside, glabrous inside,

shortly 4—5-lobed at apex, lobes obtuse; stamens 12— 15 or 18—20, nearly equal; anthers

hispid, linear, hypogynous ; filaments short, glabrous, combined at base more or less in pairs

;

ovary small, rudimentary, with short inconspicuous hairs. Fruit globular, nearly 1 in. in

diameter, shining but with scattered appressed short brown hairs especially at apex arising

from papillose bases, 6—8-celled. Fruiting calyx ^ in. in diameter, spreading but appressed to

base of fruit, 4— 5-lobed, not accrescent.

Brazil, Amazon, Poppig! 2639; Povoa9a6 dos Juris, Martins! n. 3053; Rio Negro, fre-

quent on margin of Gap6 from Barcellos upwards, Nov., Spruce! 1938; St Hilaire!; Rio

Uaup&, Gap6, October, Spruce! 2635.

146. DiOSPYROS EMARGINATA, sp. nov. Plate IX.

D. foliis alternis, obovatis, apice retusis vel emarginatis, basi cuneatis, conaceis, costd

ewceptd glabresceniibus, inconspicue reticidatis, breviter petiolatis; fioribus mascxdis axillarihus,
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conferto-cyniosis, fulvo-hirsutis, calyce 4

—

h-fido, corolld tuhulosd, apice 4—o-lohd, stamini-

bus 25—32, subcequalibus, Jilamentis hrevibus, antheris hispidis ; fructibus glohosis, subglabris,

calyce fructifero vix aucto.

A tall straight tree, 90 feet high, with a trunk 2 feet thick ; shoots with a few inconspi-

cuous appressed hairs. Leaves obovate, alternate, retuse or emarginate at apex, cuneate at

base, coriaceous, quite glabrescent except the midrib beneath and its depression above, with

highly reticulated but inconspicuous veins; IJ—3 in. long by j%—li in. wide; petioles about

^ in. long.

J. Inflorescence axillary, tawny-hairy; cymes ^—^ in. long, bearing several flowers on

short pedicels; flowers fin. long, tetramerous or pentamerous, drooping, tawny; calyx -Jjj in.

high, shortly and openly campanulate, 4—5-fid with sub-acute lobes, dark, with short scattered

appressed hairs outside, glabrous inside; corolla tubular, with tawny-silky hairs outside,

glabrous inside, 4—5-lobed at apex; stamens 25—32, nearly equal; anthers hispid, linear,

filaments glabrous towards base, more or less combined at base in pairs or otherwise; ovaiy

rudimentary, hairy.

9 . Fruit globular, about 1 in. in diameter, subglabrous but with a few scattered appressed

short haii-s. Fruiting calyx about i in. in diameter, flat and appressed to base of fruit.

Brazil, Rio Negro, Gapo below Barcellos, November. Always within (and not on) the skirts

of inundated forests, nearly related to I). Foppigiana, Alph. DC. but less common. Spruce! 1913.

Plate IX. A branch in male flower, natural size. a. a piece of a branch with male

flower abnormally thickened by an insect, not magnified, b. interior of male flower cut open,

magnified 3 diameters, c. a stamen, magnified 10 diameters, d. a fruit, natural size.

147. DiosPTBOS RiGiDA, sp. nov.

D. foliis alternis, oblongis, basi rotundis, rigide coriaceis, supra glabris, s^ibtus pallide

sribvehitinis, costd robustd, nervis inconspicuis, petiolatis ; fructibus cymosis, depresso-globosis

glanduloso-pulverulentis, ceterum glabris; calyce fructifero cyatkiformi, fructum cequante, coriaceo,

pnbei'ulo, profunde i-lobo, lobis late ovatis erectis.

Shoots shortly fuscous-hispid, terete ; leaves alternate, oblong or oval-oblong, rounded at

base, rigidly coriaceousj glabrous above, pale beneath and covered with thin velutinous tomen-

tum, 5—14 in. long by 1|—3f wide, midrib stout, shghtly depressed on the upper side, net-veins

not conspicuous
;
petioles stout, wrinkled, puberulous, J—| in. long.

9 . Fruit about 3 together on the J'oung branches, depresso-globose, 1 in. long, covered with

reddish glandular pulverulence (as in D. Embryopteris) , otherwise glabrous; peduncles |—IJ in.

long, nigro-hispidulous, rigid ; fruiting calyx cup-shaped, as high as the fruit, 1^ in. in diameter,

coriaceous, puberulous, deeply 4-lobed; lobes wdely ovate, erect.

Borneo, 0. Beccari! n. 2285.

148. DioSPYROS Ejiertopteris, Pers. Sjmops. il. p. 624. n. 6 (1807).

D. foliis alternis, oblongis vel anguste ovalibus, apice scepius acuminatis, basi obtttsis,

coriaceis vel submembranaceis, glabris, petiolatis, reticulatis ; fioribus masculis axillaribus,

racemose cymosis, 3

—

7-nis, 4- rarius h-meris, pvhescentibus, flavescentibus, calyce patente, 4

—

5-fido,

corolld campanulatd, lobis obtusis, staminibus 24— x, pubescentibus, antheris linearibus, fila-

VoL. XII. Part I. 33
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mentis brevissimis ; florihus femineis 1

—

b-nis, suhsessilibus vel cymosis, i-meris, staminodiis

1—12, puhescentibus, ovano farinaceo-glanduloso, soepius S-loculari, stylis 4; fructibus globosis

vel eUipsoideis.

ExcL syiL Lam., Bot. Reg. t. 499 (1820), Alph. DC. Prodr. viii. p. 235. n. 65 (1844),

Griff. Notulse iv. p. 289 (1854), Thw. En. Ceyl. PL p. 178. n. 1 (1860), Bedd. Fl. Sjlv. Madras

t. 69 (1870), non Boj.

Embryopteris peregrina, Gaertn. Fruct. i. p. 145. t. 29. f. 2 (1788).

Garcinia malaharica, Desrouss. in Encycl. Meth. III. p. 701 (1789).

Embryopteris glutinifera, Roxb. Coromand. I. p. 49. t. 70 (1795) ; E. ghbularia, ex Miq.

Fl. Ind. Bat. n. p. 1048. n. 16 (1856).

Diospyros glutinosa, Roxb. Hort. Bengal, p. 40 (1814) ; Konig ex Roxb. Fl. Ind., edit.

1832, II. p. 533.

Diospyros glutinifera, Wall. List n. 4123 B (1828—32).

Diospyros vialaharica, Kosteletsky, Med. Pharmac. Flora (iii.) p. 1099 (1834).

Embryopteris gelatinifera, G. Don, Gen. Syst. Gard. and Bot. rv'. p. 41 (1837).

Diospyros citrifoh'a, "Wall. ex. Alph. DC. I. c.

Embryopteris glutenifera, ^"ight, Ic. PL Ind. Ot.VoL III. pt. 2, p. 4, tt. 843, 844 (1843—47).

Diospyros mdanoxylon, Hassk. Cat. PL Hort, Bot. Bogor. ii. p. 159 (1844), Ettingsh. Blatt-

Skel. Dikot. t. 41. f. 9 (1861), non Roxb.

A middle-sized or large evergreen tree, glabrous and shining except the buds inflorescence

and fruit ; there is however occasionally a slight puberulence upon the petioles, &c. Branches

straight, spreading. Bark scaly. Leaves oblong or narrowly oval, alternate, usually rounded

at base, sometimes subcordate or sUghtly narrowed, acute lanceolate acuminate or obtuse

at apex, highly reticulated with veins in reUef on both sides with the exception of the midrib

which is depressed on the upper side, coriaceous, of a pale green colour, persistent, 3—12 in.

long by \
—3| in. wide

;
petioles \—i in. long, usually channelled above. Flowers yellowish-

white, dioecious or polygamous.

i. Cymes about 3—7-flowered, tawny- or fuliginous-pubescent or puberulous, i— | in. long

(excluding the flowers) ; flowers ovoid, i in. long in bud, | in. long when open, tetramerous or

occasionally pentamerous ; calyx \ in. long by | in. wide, 4-fid, pubescent, lobes pubescent

inside ; corolla ^ in. long, with pubescent patches of hair outside, glabrous inside, shortly

cylindrical, lobes about -JL, in. long, spreading, imbricated sinistrorsely in bud ; stamens

indefinite, 24—64 or more, nearly equal, inserted on the receptacle or at base of corolla,

anthers linear, more or less hairy on back and front, filaments very short, hairy ; ovary or

rudimentary; receptacle hairy.

? . Flowers 1—5 together, subsessile or cymose, tetramerous, larger than in the male plant,

cymes ranging up to § in. long, glabrescent or pubescent; bracts caducous; calyx deeply lobed,

pubescent or glabrescent, lobes dilatate-subcordate at base, erect-patent, ovate, j—| in. long

;

corolla about
.J

in. long, with short nearly erect lobes; staminodes 1—12, hairy (sometimes per-

haps perfect stamens), inserted at base of corolla or partly hj-pogynous; ovary glabrous (normally),

reddish-glandular, or with a basal ring of hairs (rarely hairy ?), 8 (—10) -celled ; styles 4, hairy

at base, dilated and lobed at apex, spreading ; fruit usually solitary-, subsessile or pedunculate,

globular or ovoid, often large (IJ—2 in. long), glandular or glabrate, 6—8—10-celled and
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-seeded, of a yellowish rusty colour, covered with a rubiginous mealiness ; fruiting calyx deeply

4-lobed, puberulous or glabrate, as wide as or wider than the fruit, spreading more or less or

erect, with lobes dilatate-subcordate at base, imbricated sinistrorsely.

An officinal preparation (Extractum Diospyri of the Pharmacopcsia of India) is a valuable

astringent obtained from the fruit of this species, and is useful in diarrhoea chronic dysentery

and leucorrhcea and as a local application to bruises and sprains.

Of this variable species the following varieties may be noticed :

—

yS. atrata, Thw. I. c. Leaves thinly coriaceous ; buds, peduncles and calyx fuliginous-

pilose.

7. nervosa, Thw. I. c. Veins on both sides of the coriaceous leaves very prominent ; leaves

rounded at the base. Buds, peduncles and calyx nigro-pilose. Fruiting calyx-lobes erect.

Local names. Fanitsjika-maram, Reede, Hort. Malabar, pt. III. p. 45. t. 41 (1782).

Malabarensibus ; Temhiri, Brachmanis ; Fruita da Grude, Lusitanis ; Lym-appel, Belgis. Tumika

of the Telingas, ex Roxb. Carom. I. c. Mangostan-utan of the Malays. Tindooka, the Sanscrit

name, ex Roxb. Fl. Ind. Qaid) in Bengal. Kibaragma or Kledong in Java. Timberee-gass

in Ceylon. Kvsi in Banda, India. Gusvakendhu in Goomsur forests, Madras.

The fruit when unripe contains a large quantity of tannin, and when ripe is eaten but

is not very palatable. The astringent viscid mucus of the fruit is used in Bengal for paying the

bottom of boats, and an infusion is employed to steep fishing-nets in to make them more

durable. It is also used for book-binding since it preserves the books from insects. Masts and

yards of country vessels are made from this tree in Ceylon.

India, Silhet, Wallich! 4123; Quilon, Hurdwar, Amherst, Tavoy, Wallich; N. W. India,

Hb. Boyle, M. P. Edgeworth !; Bengal, Behar, Hooker fit. and T. Thomson! (Cult.?); Assam

plains!; Upper Assam, Jenkins/ 277; Ceylon, Thwaites ! C.P. 1915, Walker/, Hb. Wight/

1711 bis, Gardner! 531 (/3 or 7) ; Canara, Mangalor, Hohenacker ! 869; Siam, Sir M. Schom-

hurgk! 115; Java, Dr Horsfield/ Eben. 2, 7, 8'; Zollinger! 3565; E. Doon, Dr Brandis/

Var. /3. Ceylon, Thwaites/ C.P. 2731; Mergui, Griffith/ 3626, 3627; Tenasserim,

Packmann

!

Var. 7. Ceylon, Thwaites! C. P. 1910.

149. DiosPYROS COEIACEA, sp. nov.

D. tota coriacea, glabrata; foliis alternis, oblongo-lanceolatis vel ovalibus, apice acumi-

natis, basi fere rotundatis vel breviter angustatis, petiolatis ; floribus femineis solitariis vel

raro hinis breviter pedunculatis axillaribus, calyce lato, plicato, 4

—

3-fido, lobis obtusis, corolla

breviter semi-ellipsoided 4

—

S-fidd, lobis rotundatis valde contortis, staminodiis 5 glabris, ovario

minute granidoso-glanduloso, subgloboso, 8-locidari, stylo apice lobato, fructibus subglobosis

loBvibtts, calyce fructifero ampliato longitudine fructus.

Shoots dark-cinereous, glabrate, terete ; leaves alternate, oblong-lanceolate or oval, acumi-

nate at apex, nearly rounded or somewhat narrowed at base, coriaceous, glabrate, moderately

reticulated, 2—4 in. long by I—IJin. wide; petioles i—^in long.

5 . Flowers solitary or rarely 2 together, in upper axils, glabrous, coriaceous
;
peduncles

I
—

I in. long ; calyx wide, plicate, h in. wide, J in. high, 4—3-fid, lobes obtuse ; corolla

shortly ovoid, as high as the calyx, 1 in. wide, 4—3-fid, lobes rounded, much contorted

;

33—2
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staminodes 5 (in one case), glabrous ; ovary subglobose, glabrous, covered -with minute gland-

ular pulverulence, 8-celled, ceUs 1-ovuled ; stj'le lobed at apex, glabrous; fruit subglobose,

fin. high, glabrous, smooth; fruiting calyx | in. in diameter, widely plicate, about as high

as the fruit.

Borneo, 0. Beccari! n. 1-122, 34.55.

150. DiOSPYEOS CEASSIFLORA, sp. nov.

L. foliis altemis, obhngis, apice anguste acuminatis, hasi angustatis, glahris, unicolonbus,

tenuiter coriaceis, patentibus, petiolatis, nervis inconspicuis ; floribus 7nasculis crassis, 1

—

2-nis,

brevissime cymosis, axiUarihus, cabjce depresso-hemisphairico, 4

—

o-fido, idrinque pubendo, lobis

rotundatis, corolld elUpsoidea, carnosd, apice 4

—

Q-lobd, staminibus go oo , subcequalibus, pluri-

serialibus, dorso pubescentibus, hypogynis, ovario minuto, hirsuto.

A tall tree, nearly glabrous except the inflorescence; branches dark, terete. Leaves

alternate, spreading, oblong, narrowly acuminate at apex, nan-owed more or less at base,

of same green colour on both sides, very thinly coriaceous, shining above with depressed

midrib and inconspicuous veins, with clear lateral and delicate tertiary veins beneath,

7—8 in. long by 2—2§ in. wide
;
petioles J

—

h in. long.

(J . Flowers J—| in. long, 1—3 together, on very short, shortly pubescent axillary

peduncles or cymes. Calyx depresso-hemispherical, toughly coriaceous, A- in. in diameter,

shortly puberulous on both sides, 4—5-fid ; lobes rounded. Corolla " fleshy, of a light pink

colour and of the size and form of a pigeon's egg," shortly tomentose outside, nearly

glabrous inside, 4—6-toothed at apex; teeth contorted sinistrorsely as regarded from within,

J,—4 in. deep, obtuse. Stamens very numerous, about fin. long, inserted on the receptacle,

subequal, in several rows ; anthers linear, acute, 2-celled, somewhat hairy on the back

;

filaments very short. Ovary minute, hairy.

Female flower and fruit unknown.

West Tropical Africa, Old Calabar, Bev. W. C. Thomson!, 12 March, 1863.

151. DiOSPYROS DISCOLOR, Willd. Sp. PL IV. p. 1108 (1805).

B. foliis alternis, oblongis, apice acuminatis, basi rotundatis, coriaceis, supra nitidis glabris,

subtus pallidis ap>presse pilosis vel glabrescentibus, j)etiolatis, nervis inconspicuis ; florihus

mascidis in cymis brevibus trijloris secus ramidos juniores terminaliter confertis, scBpiua

tetrameris, sericeis, calycis lobis ovalibus, rotundatis, corolld infundibuliformi profunde 4f-fidd,

sta.minibtts 24—28, subcequalibus, glabris, gemiiiatis ; floribus femineis solitariis, axillaribus,

sessilibus, staminodiis 4, 5, 10, glabris, corollcB basi insertis, ovario dense jyiloso, 8-loculari;

fructibus subghbosis, camosis, pilosis, 4

—

6-spermis, albumine non ruminato, calyce fruoti/ero

fructus basi appresso.

Alph. DC. Trodr. viii. p. 235. n. G6 (1844).

Cavanillea philippensis, Desrouss. in Lam. Encycl. III. p. 668 (1789).

C. Mabolo, Lam. P^ncycl. tab. 454 (1823).

D. Mabola, Roxb. Hort. Beng. p. 40 (1814), Liudl. Bot. Reg. t. 1139 (1828).
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D. Emhryopteris, Boj. Hort. Maurit. p. 200 (1837), non Pers.

Emhryopteris discolor, G. Don. Gen. Syst. Gard. and Bot. iv. p. 41 (1837).

Diospyros Kaki, Blanco, Fl. Filip. edit. i. p. 302 (1837), uon Linn. f.

Z>. Blancoi, Alph. DC. Prodr. viil. p. 237. n. 74 (1844).

D. emhriopteris, Blanco, Fl. Filip. edit. ii. p. 209 (184.5).

D. melanida, Sieber !, Fl. Maurit. Suppl. n. 29 ; non Poir.

A tree of moderate size, 40 feet or more high ; the trunk furnishes a hard compact

ebony of an exceedingly deep black colour. Young shoots and inflorescence fulvo-sericeous.

Leaves oblong, alternate, coriaceous, rounded at base, acuminate at apes, brown glabrous

and shining above, pale and appressedly pilose beneath, with shining silvery hairs that

penetrate the skin and cause it to itch, ultimately glabrescent, 5—8—12 in. long (including

petiole \—f in. long) by 2—3—4 in. wide, rigid ; lateral veins delicate, inconspicuous

;

midrib depressed above, stout beneath, wrinkled when dry as well as the petioles and young

shoots. Sometimes small glands are found on the under side of the leaves.

<5 . Flowers about J, in. long, subsessile on short contiguous 3-flowered cymes, which

are arranged in terminal or axillary racemes, sweet-scented, tetramerous or occasionally

pentamerous. Bracteoles shortly deltoid, acute. Calyx turbinate-campauulate, coriaceous,

wider than the corolla-tube, | long, deeply lobed, lobes oval, rounded or mucronate ; silky out-

side, glabrous inside. Corolla silky outside, glabrous inside, coriaceous, funnel-shaped ; lobes

rather longer than the tube, spreading, oval. Stamens glabrous, 24—28, in pairs, nearly

equal, hj'pogynous or inserted at the base of the corolla-tube, erect, more or less united

at their base; filaments shorter than the linear laterally dehiscing anthers; ovary hairy,

rudimentary.

<i . Flowers solitary, axillary, bracteate at base, about f in. long, subterminal-spicate,

tetramerous or pentamerous, sessile. Calyx open, about | in. high ; lobes nearly I in. long

and wide, |-oval, coriaceous, cordate at base, appressedly silky outside, glabrous and

shining inside, imbricated in various ways. Corolla fin. long, shortly tubular, contracted

about middle, silky outside except near base, glabrous inside ; tube f in. long, trancate-

ovate, lobes about as long as the tube, spreading, i-oval, obtuse, margins incurved, im-

bricated sinistrorsely. Staminodes usually 4, occasionally o or even 10, much shorter than

the corolla ; filaments about as long as the barren (?) anthers ; all glabrous, alternate with

corolla-lobes ; ovary very densely pilose, large, 8- or more-celled, fleshy, 8 !-celled in specimen

of Dr Mainga)-, depresso-conical, cells 1-ovuled; styles 4, distinct, hairy outside or glabrous,

arched, converging at apex. Fruit thick, fleshy, globose or subglobose, densely hairy, reddish,

like a quince, 4—6-seeded, with flesh rose-coloured, 3—4 in. in diameter, pulp white; hairs

ferruginous; albumen cartilaginous, not ruminated; fruiting calyx flatfish, appressed, rather

more than 1 in. in diameter.

The wood is very hard, of a dark flesh colour, which in time becomes black like ebony.

The fi-uit has an agreeable smell like a quince (but sometimes not so), and is edible after

removing the hairs and skin. Local names Maholo in Tagalog, Amaga in Bisaya, Talang

in Pampango, according to Blanco, I. c.

Philippine Islands, Manila, Gaudichaud ! ; Blanco. Cultivated in Mauritius (Hb. Kunth!)

and in the Calcutta and Paris Gardens; also introduced at Mah^ I. Seychelles, Home! 345;
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Guadalope, Ferottet! cultivated (?) ; Malaya, Pulo Ticus, "Stem thin," Dr Maingmj'. 970/2;

Borneo, 0. Beccari! n. 1892, Wallich! 4131.

A form with leaves pale and ha^^ng numerous inconspicuous veins on hoth sides, pro-

bably introduced, is found at Rio de Janeiro, Brazil, Glaziou ! 1560, loGl.

152. DiosPTROS AEGENTEA {D. argenfeus), Griff. Not. iv. p. 288 (1854).

D. foliis altemis, oblongis, apice acuminatis, hasi rotundatis vel cordatis, coriaceis, supra

glabris, suhtus dense argenteo-pilosis, hreviter petiolatis ; fiorihus mascidis breviter cymosis,

scepius tetrameris, sericeis ; calyce 4-fido, cainpamdato-cylindrico, lohis ovalibus ; corolla bre-

viter tubulosd, lobis ovalibus; staminibus 22—24, subcequalibiis, hirsutis, geminatis, ovarii

riidimento jyubescente ; fionbus femineis solitariis, breviter pedunmdatis, staminodiis 4—5, ovario

dense hirsute ^-loculari, locidis imperfecte divisis ; fructibus ellipsoideis, strigoso-pilosis,

8-locularibus, seminibiis 6—8, albiimine non ruminato ; calyce fructifero i-partito, aiicto

;

lobis oblongis.

Buds lanceolate-acuminate, with silvery silky hairs ; branchlets somewhat compressed,

covered as well as inflorescence and petioles with very brilliant silvery and silky hairs which

at length become ferruginous-silvery. Leaves alternate, oblong, coriaceous, cordate or rounded

at base, sharply acuminate at apex, glabrous above, densely velutinous-pilose beneath with

silky shining silvery hairs, which afterwards become ferruginous-silvery and at length mostly

fall off, leaving an appressed pubescence and the under surface of the leaf pale, 7—11 in.

long by 2—3:^ in. wide
;

petioles ^—J in, long ; margins reflexed ; midrib stout, depressed

above ; lateral veins inconspicuous.

^ . Cymes axillary, spreading, near ends of branchlets, §—| in. long (exclusive of the

flowers), bearing 3

—

go flowers ; common peduncle \—| in. long ; ultimate pedicels short

;

bracts ovate, glabrous inside. Flowers (closed) nearly | in. long, silky outside, usually tetra-

merous. Calyx ^in, long, campanulate-cylindrical, silky on both sides, 4- (in one case 3-)

fid, lobes oval. Corolla | in. long, shortly tubular, 4-lobed, silky on both sides especially

outside, lobes i in. deep, oval. Stamens 22—24, in pairs, nearly equal, very hairy, filaments

much shorter than the anthers ; ovary rudimentary, hairy.

9. Flowers solitary, in a.xils of upper leaves; peduncles ^—^in. long. Calyx about

i in. long, 4-fid, densely furred on both sides, campanulate; calyx-lobes ovate, apiculato.

Corolla
-j'u

in. long, 4-fid, tomentose; lobes oval, apiculato, imbricated, hairy inside. Stami-

nodes 4— -5, alternate with corolla-lobes, hairy above; ovary globose, densely hairy, 4-celled;

cells imperfectly divided
; ovules 8; styles 4, hairy, erect, I—^in. Fniit with 1 oval bract at the

base J in. long, t^ in. wide, glabrous inside, egg-shaped, 2\—3 in. long by li—2 in. thick,

very strigosely pilose, greenish-white or yellowish, shortly cuspidate at the apex, 8-celled.

Fruiting calyx 4-partite, sometimes 3 in. wide ; lobes very large, oblong, concave, obtuse,

with metallic lustre, very silvery-silky outside, veined inside, 1|—2 in. long by | in. Avide

;

seeds G—8, subcylindrical, slightly attenuated at both ends; ranging up to 2 in. long by

I in. wide, imbedded in pulp ; albumen cai-tilaginous or homy, white ; embryo -j^—| in. long

;

radicle thick, clavate, about equalling or shorter than the cotyledons.

Malacca, Griffith! 3G25; Muingay ! n. 9G8.
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153. DioSPYROS ToposiA, Hamilt. in Trans. Linn. Soc. Vol. xv. p. ii5 (1827).

D. fuliis aUernis, dblongis ovatis vel lanceolatis, apice dcmninatis, hasi ohtitsis, coriaceis,

glaherrimis, crebi-e reticulatis, petiolatis ; fiorihiis mdsculis axillaribus, cymosis, calyce initio clatiso

lobis connatis demum irregidariter ajnce rupto, corolld urceolatd, apice 4

—

5-lobd, staniinibus oo

,

glabi-is
; floribus femineis solitariis, staminodiis 12—16, ovdrio 4- {rarius 6-) loculari, friictibus

subglobosis vel ellipsoideis, glanduloso-pubescentibus vel glabrescentibus, seminibxis 1—4 ; calyce

fructifero 3

—

i-lobo, jmbescente.

Ettingsh. Blat.-Skel. Dikot. t. 42. f. 7 (18G1); Bedd. Ic. PI. Ind. Or. (Part. Vli.) p. 25^

t. 122 (1871) ; Alph. DC. Prodr. viii. p. 237. n. 73 (1844).

R racemosa, Roxb. Hort. Beng. p. 40 (1814) ; Fl. Ind., edit. 1832, vol. II. p. .536

;

Wight, Ic. t. 416.

R lanceolata, Wall. List n. 4122 (1828—32), non Poir.

R. incisa, Hamilt. ex. Wall. I. c.

Embryopteris racemosa, G. Don, Gen. Syst. Gard. and Bot. IV. p; 41 (183'7).

Called Toposi in Bengal, where it is cultivated on account of the fragranCy of the

flowers ; Kahakaala-gass in Ceylon, see Thw. 'Enum. Ceyl. PI. p. 179. n. 4 (1860) ; Goolul

in Silhet and Tipperah, see Roxb. Hort. Beng. p. 40 (1814).

A large or middle-sized tree with glabrous terete branches. Leaves altematej oblong ovate

or oval, acuminate at apex, obtusely narrowed or rounded at base, coriaceous, closely and

clearly net-veined, with midrib depressed on upper surface, shining above, quite glabrous,

3—8 in. long by 1—3f in. wide
;
petioles \—J in; long. Foliage like R. paniculata, Dalz.

^ . Cymes axillary \—1 in. long, slightly hairy or glabrescent, usually 3-flowered, ill

cultivated specimens 3—12-flowered; flowers Jin. long, yellow, pedicels shorter than the

calyx ; bracts caducous, at the top of peduncle : calyx at first closed in bud with con-

nate lobes, afterwards irregularly broken from apex in unequal acute lobes, scattered with

inconspicuous short setas, about ^ in. high. Corolla urceolate, 4-lobed at apex, glabrous except

a few shoil hairs outside along the middle lines of the lobes ; Dr Hamilton states that

the corolla is .5-lobed. Stamens numerous, indefinite, in one case 33, glabrous, mostly

hypogynous ; filaments very short ; ovary rudimentary.

2 . Flowers solitary ; fruiting peduncle J—J in. long, sometimes at base shortly adnate

to the branch so as to become supra-axillary ; bracts at top of peduncle, caducous. Calyx

as in <J. Corolla tubular-urceolate, 4-lobed at apex. Staminodes 12—16. Ovary 4- rarely 6-

celled. Style 0, stigma 4-lobed. Fruit oblong or subglobose, |—1 in. long; glandular and

covered with short weak close tawny hairs or glabrescent. Fruiting calyx hairy, with

3—4 oblong or rounded lobes, J—| in. across, spreading; seeds 1—4, albumen cartilaginous,

not ruminated but with very faint radiating striae near the circumference.

Ea-st Bengal, Griffith! 3622; Ceylon, not uncommon in damp forests up to an elevation

of 4000 feet, Thivaites ! C. P. 1911, 2514, Gardner/ 533; Silhet, Roxburgh, Wallich!

4122; ? Khasia, Dr Hooker! (part).

A specimen from Borneo, collected by 0. Beccari ! n. 3052, with leaves 5—11 in. lohg

by 1|—4 in. wide, and subglobose 4-celled 4-seeded fruit with deeply trifid Calyx nearly

1 in. in diameter, probably belongs to this species.
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The following species of diospyros aee too diperfectlt known to be placed

in their positions in the sections.

154. DIOSPTROS GRATA, WaUich, List n. 4142 (1828—32).

D. foliis alternis, oblongis, utnnque angustatis, obtusis, glnhris, florihus femineis solitariis,

suhsessilihus, ovar-io fulvo-hispido ; fructibus globosis, suhglahratis, calyce fructifero 5-fido, pen-

tagono, utrinque puhescente.

Alph. DC. Prodr. viii. p. 232. n. 48 (1844).

Brandies nearly glabrous, pubescent at the extremities. Leaves alternate, glabrous,

oblong, narrowed at both ends, obtusely acuminate at apex, 3—6 in. long by 1—2 in. wide
;

midrib depressed above ; veins slender, crowded, not conspicuous
;

petioles i—^ in. long,

glabrous.

9 . Fruit sohtary, subsessile, globose, about 1 in. in diameter, glabrate or with remains

of ferruginous hairs ; fruiting calyx stellate, 5-fid and 5-cornered, hairy on both sides, tawny,

fin. across; peduncles very short, hairy,

Nepal, Wallich ! Cfr. I), lancecefolia, Koxb.

155. DioSPl'ROS ORlXENSis, Wight Hb. !, non Klein.

D. foliis alternis, ellipticis, apice obtuse angustatis vel breviter acuminatis, basi obtusis,

glabrescentibits, tenuiter coriaceis, breviter petiolatis ; fnictibus solitariis axillaribv3 subglo-

bosis, breviter pechmculatis ; calyce fructifero profunde ^-fido, appresso vel leviter patente, extus

piloso, lobis obtusis.

Young shoots petioles and peduncles hirsute, afterward puberulous, ultimately glabrous,

terete; leaves alternate, thinly coriaceous, elliptical, obtuse at base, obtusely narrowed or

shortly acuminate at apex, glabrescent, brown on both sides, midrib slightly depressed above

and veins inconspicuously raised above, more manifest beneath, subnitescent, li—3J in. long by

§—1^ in. wide
;
petioles ^ in. long, strong.

? . Fruit solitary, axillary, dark, subglobose, about | in. in diameter, on peduncle about

equalHng the petiole ; bracts caducous ; fniiting calyx deeply 4-fid, appressed to base of

fruit or somewhat spreading, i in. across, subpilose outside ; lobes obtuse ; seeds 2—3, oblong,

{in. long.

Courtallum, Hb. Wight/

15G. Diospyros dodecandra, Lourciro Fl. Cochinch. p. 228. n. 5 (1790).

D. foliis alternis, late-lanceolatis ; floribus axillaribus ; corolla: tubo subgloboso, lobis 4,

hrevibus; staminibus 18, corollce basi insertis; baccis compressis, lentiformibus, S-spermis.

Alph. DC. Prodr. vill. p. 238. n. 86 (1844).

Embryopteris Luureiriana, G. Don, Gen. Syst. Card, and Bot. IV. p. 41 (1837).
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A large tree -with sub-patent branches. Leaves widely lanceolate, quite entire, alter-

nate. Flowers hermaphrodite according to Loureiro, axillary, white ; corolla 4-lobed, tube

subglobose, large, lobes short; stamens 18, inserted at the base of the corolla. Fruit pallid,

compressed, lentiform, 1-celled [?], 8-seeded, pulpy; pulp moderate, somewhat sweet, astrin-

gent, edible, not good-tasted ; seeds compresso-ovate, bony, large.

Spontaneous and cultivated in Cochinchina, Loureiro. Local name, Cay Tlii tram.

Wood like that of D. decandra, Lour., but without the very black veins in the heart;

white and smooth and with dense fibres. Used in gardens to support black pepper plants.

157. DiosPYROS (?) PILOSA, Alph. DC. Prodr. viii. p. 219 (1844).

D. caule arhoreo, foliis alternis, ovato-lanceolatis, suhtus tomentosis, hreviter petiolatis

;

fiorihus masculis racemosis, rubro-fuscis, calyce 5-lobo, lobis ovatis, corolla 5-lobd, tubo brevi,

laciniis ovato-oUongis, crassis, patentibus, calyce sublongioribus, jilamentis 15 brevibits, antheris

oblongis.

Euclea pilosa, Loureiro, Fl. Cochinch. p. 629 (1790).

A large tree with ascending branches; dioecious. Wood fit for house-building. Leaves

alternate, ovate-lanceolate, quite entire, tomentose beneath; petioles short. Flowers reddish-

brown, " in terminal racemes."

,J . Calyx 5-lobed, lobes ovate, pilose on both sides ; corolla 5-lobed, tube short, lobes

ovate-oblong, crass, pilose, patent, rather longer than the calyx ; filaments 15, short, anthers

oblong, erect.

Cochinchina, Loureiro. Vernacular name Cay Nhaoc.

158. DiosPTROS Hasseltii, Zoll. Obs. Bot. Nov. p. 15. n. 3 in Natuurk. Tydschr. Neerl.

Ind. Vol. XIV. (1857).

D. foliis ovalibus, utrinque attenuatis, nitidis, glabris ; fioribus axillaribus, racemosis,

raceviis saberectis, calycis marginibus in axillis lohorum deflexis, laciniis acutis, pedicellis

subclavatis pilosis, corollce {fern. ?) tubo 4<-gono, pilis nigris prcesertim ad angulos tecto, staminibus

8 [12], iisdem qiice lohis corollce alternant simplicibus longioribus, aliis brevioribus bicruris,

stylis 4, bifidis ; baccd glabrd, S-loculari.

Java. Described by Zollinger from a drawing of Kuhl and van Hasselt No. 2 b in the

Buitenzorg botanical garden.

159. DiosPYROS KuHLli, Zoll. Obs. Bot. Nov. p. 15. n. 1 in Natuurk. Tydschr. Neerl. Ind.

Vol. XIV. (1857).

D. foliis oblongis, idrinque acuminatis, intcgris ; fioribus lateralibus axillaribus, pedicellis

calycem cequantibus, staminibics 8 [12] alternatim bicruris [antheris interioribus brevioribus)

aliis simplicibus, stylis 2 bifidis, baccd pilosd.

Java. Described by Zollinger from a drawing of Kuhl and van Hasselt No. 3 in the

Buitenzorg botanical garden.

Vol. XII. Part I. 34
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IGO. DIOSPYKOS PENDULIFLOEA, Zoll. Obs. Bot. Nov. p. 15. n. 2 in Natuurk. Tydschr. Neerl.

Ind. Vol. XIV. (1857).

D. foliis ohlongis, utrinque acutis, acuminatis; Jioribiis masculis lateralibus pendulis, pe-

duncido hifido, pedicellis flores cequantibus, calyce nigro-piloso 4i-loho, corolla apertd, stammilnis

8 [circiter 20 r],filamentis brevibus pilosis, alternatim 2- vel S-cruris; floribus femineis solitariis

pendulis, corollce lobis erectis, staminibus 12 sterilibus, baccd pilosd 5—8-loculari.

Java. Described by Zollinger from a drawing of Kulil and van Hasselt No. 2 a in the

Buitenzorg botanical garden.

161. DiOSPYROS (?) CYSTOPUS, Miq. Fl. Ind. Bat. Suppl. I. pp. 250, 584 (1860).

D. ramulis teretibus prcesertim superne cum petiolis foliisque subtiis maxime secus nerves

rufo-pubescentibus, glahrescentibus, foliis alternis, oblongis, apice caudato-acuminatis, basi ro-

tundatis, tenuiter subcoi-iaceis, supra glabris, subtus costulis patentibus utrinque IS—12 te-

nuibus venulosis pertensis, in sicca glauco-fuscescentibus.

Younf parts rufous-hispid ; branches terete. Leaves alternate, oblong, caudate-acuminate

at apex, rounded at base, thinly sub-coriaceous, glabrous above, rufous-hispidulous beneath

especially on the raised midiib and lateral veins ; about 9 in. long by 2i—3 in. wide
;
petioles

I in. long, channelled ; lateral veins about 15 on each side, inconspicuous above, slender

and more conspicuous beneath ; midrib much raised beneath, tapering towards the apex.

Flowers and frait unknowm, and therefore the plant is of uncertain position.

Sumatra ; Lampong, near Kebang, Teijsmann ! Local name Darihan-darelmn.

162. DiOSPYROS PYRRHOCARPA, Miq. Fl. Ind. Bat. Suppl. 1. pp. 250, 583 (18G0).

B. ramulis novellis cum jietiolis costdque subtus -pubescentibus glabrcscentibus
; foliis e

basi rotiindatd usque acutiusculd elliptico-oblongis j^lerisque breviter obtuso-acuminatis, coriaceis,

glabris, supra secus costam canaliculatis, subtus pallidis costulis 9—7 tenuibus arcuato-patulis

a inargine leviter incurvo distanter unitis, dense tenereque reticidatis; floribus secus ramulos

inferne lateralibus solitariis brevi-pedunculatis, cum calyce 4

—

5-partito {lobis acuminatis coHacds)

utrinque rufu-tomentosis ; baccis cerasi majoris mole depresso-globosis, adtjce adaucto rejlexo

[lobis antice convexis) suffultis rufo-ochrascenti-tomentosis.

West Sumatra, in province Priaman, Diepenhorst ; Malay name Hampadoe-Kajoe.

163. DiOSPYROS PLATYPHYLLA, Welw. MSS.

D. arborea, laxe rainosa, apice foliosa, foliis alternis, ellipticis rotundis vel obovatis, apice

obtusis, basi rotundatis saipe incequalibus, valde coriaceis, supra glabrescentibus nitidis, subtus

tomentosis reticulatis, breviter petiolatis; fructibus eduKbus.
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A moderate-sized tree, with lax tortuous dark-cinereous branches leafy and angular at the

apex. Leaves alternate, elliptical rotund or obovate, rounded or obtuse at apex, rounded

and often unequal at base, very coriaceous, glabrescent and shining above, more or less

tomentose beneath, reticulated but inconspicuously so above, 3— in. long by 1^—3^ in. wide
;

petioles \—J in. long. Flowers monstrous in the specimen, the inflorescence consisting entirely

of densely imbricated ferruginous-tomentose foliaceous scales.

W. Tropical Africa, Angola, Pungo Andongo, in sandy woods from Calunda to Condo, fruit

said to be edible, J)r Welwitsch ! no. 2531 ; native name Musolueira, the same as that of

Diospyros mespiliformis, Hochst, of which it may very possibly prove to be an aberrant form.

164. DiOSPTROS PLATYCALYX, Sp. nOV.

D. foliis alternis, ohovato-oblongis, apice rotundatis, hasi cuncatis, coriaceis, ^drinquc pu-

herulis vel glahrescentibus, petiolatis ; fructibus solitariis, suhglobosis, glaberrimis, apice mnhili-

catis, nitidis, 10 {Vj-locularibus, breviter pedwnculatis ; calyce fructifero profunde 5

—

G-lobo, plicato,

aucto, lobis late ovatis, cordatis, auriculatis ; seminibus compressis, albumine non ruminato.

Tree of 20 feet
;
young shoots with short patent whitish tomentum ; branches glabrescent,

terete, palish. Leaves obovate-oblong, alternate, coriaceous, undulated, rounded at apex, cuneate

at base, brown, shining, with slight veins, puberulous or glabrescent on both sides, of nearly

the same colour on both sides, 2—3 in. long by f—1 in. wide
;

jDetioles puberulous, \—J in.

long ; midrib slightly depressed on upper surface. Fruit solitary, in axils of fallen leaves, on

shoots of previous season, -j^ in. long (besides the calyx) by § in. thick, subglobose, quite glabrous,

umbilicate at apex, 10 (?)-celled, with cells 1-seeded, shining, paler than leaves and calyx.

Fruiting peduncle stout, with wide convex articulation, J^—f in. long, glabrate. Fruiting calyx

§ in. deep by 1^ in. wide, concealing half the fruit, nearly glabrous, deeply 5—6-lobed ; lobes

widely ovate, acute, cordate, much auricled at base, firmly membranous, with sides of lobes

reflexed, folding with contiguous lobes and forming 5 dependent spurs the points of which

are \ in. below the level of the articulation of the fruit ; seeds compressed, i in. long or

more, albumen not ruminated.

Seychelles Islands, PervilU! 640.

165. DiosPTEOs LEUcocALYS, sp. nov.

D. fruticosa, glabra, foliis alternis, oblongis, apice obtuse acuminatis, basi rotundatis vel

subcordatis, casta et nervis lateralibus subtus validis, petiolis validis tumido-crassis ; calyce

fructifero 4i-partito, intus albido-pndnoso, lato, lobis late cordatis, acuminatis, foliaceis.

A small shrub, glabrous, dark green but shining. Leaves alternate, subcoriaceous, oblong,

obtusely acuminate at apex, rounded or subcordate at base, 1 foot long by 5 inches wide
;

midrib and lateral veins strong beneath
;

petioles more than ^ in. long, strong, dark, tumid-

crass. Fruiting calyx 4-partite, white-pruinose within, 2 in. high by 3 in. or more wide,

erect-patent ; lobes widely cordate, ovate, acuminate at apex, foliaceous.

Madagascar, Ambanivoule, Goudot ! A. D. 1833.

34—2



268 Mr HIEEN, on EBENACE^'.

166. DiospYEOS Bernieei, sp. nov.

D. foliis alternis, ovali-lanceolatis, apice subacuminatis, hasi angustatis, conaceis, glahris,

hreviter petiolatis, nervis inconspicuis ; fructibxis solitariis, appresse hirsutis, hreviter pedun-

culatis ; calyce fructifero utrinque pubescente, 4<-fido, tuho concavo, tetragono, incrassato, lobis

rejlexis, undulatis, late ovatis.

Glabrous except the inflorescence ; branches pale, terete. Leaves alternate, dark above,

oval-lanceolate, somewhat narrowed at base, obtusely or sometimes acutely sub-acuminate at

apex, coriaceous, veins indistinct, reddish brown beneath ; midrib depressed above, blackish

beneath ; 2—3| in. long by |—1 in, wide
;
petiole I in. long, black in the dry state.

Fruiting peduncles very thick, ^ in. long and as thick, pubescent, solitary ; fruiting calyx

^ in. high by nearly 2 in. across, pubescent on both sides, 4-fid ; tube concave, i-sided,

thickened; lobes reflexed, wavy, widely ovate. Fruit ferruginous, shortly and appressedly

hairy.

Madagascar, common in the forests of Tintingue ; vernacular name Voane Silac, Bernier

!

113.

Foliage of D. Icevis, Bojer.

167. DiOSPYEOS PEUINOSA, Sp. nov.

D. bracteis excej4is glaberrima, foliis alternis, ovato-ovalihus, utnnqiie obtusis, vix coriaceis,

brevissime petiolatis, nervis inconspicuis; floribus masculis axillaribus, brevissime cymosis

;

fructibus solitariis, axillaribus, 8-locularibus, hreviter pedunculatis, bracteatis, suhglobosis, cuvi

calyce 4

—

o-fido jMcato patente aucto violaceo-pruinosis.

Quite glabrous except the small shortly and slightly ciliated bracts ; branches pale brown,

terete. Leaves alternate, ovate-oval, more or less obtuse at both ends, submembi'anous or sub-

coriaceous, of a rich brown colour when dry, rather paler beneath, 1—2^ in. long by i—1^ in.

wide ;
petioles -^^—j'j in. long ; veins indistinct, spreading ; midrib flat above, darker beneath.

(J . Cymes axillary, 3—8-flowered, I in. long, dark.

9 . Fruit solitary, axillary on the young branches, shortly globose, ^ in. thick by | in.

high, 8-cclled, several-seeded, as well as the calyx violaceo-pruinoso
;
peduncles dark ^—J in.

long ; bracts several, ovate, about -j\y in. long ; calyx plicate-patent, 1 in. in diameter, 4—5-

(usually 4-)fid, undulated; lobes widely ovate cordate, apiculate or mucronate at apex,

Madagascar, Ste Marie, Boivin! 2538; Port Lcven, Vesco! 1850.

168. DiOSPYEOS CUNEIFOLIA, Hb. Dclcsscrt.

B. foliis alternis, obovatii, apice rotundatis, basi cunealis, hreviter liispidis, subsessilihus,

confertis ; fructibus solitariis, sidiglobosis, pilis brevibus hi^pidis asjiersis, pedunculatis; calyce

fructifero pubescente, 5(

—

G'i)-partito, lobis oblongis, 2)atentibus.
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Shoots puberulous, glabresceut. Leaves alternate, obovate, subsessile, crowded, rounded

at apex, cuneate at base, shortly hispid, |—1^ in. long by about J in. wide.

9 . Fruiting peduncle as-illary, solitary, ferruginous-hispid, ^ in. long ; fruiting calyx

5-(or 6- ?)partite, pubescent ; lobes oblong, spreading, | in. long by ^ in. wide

;

fruit

solitary, somewhat depressedly globose, dark, covered with scattered pale short hispid hairs,

about i in. long.

Mexico, Pavon in Hb. Delessert

!

169. DiosPTROS APEIB.VCARPOS, Raddi, Quai-ante nuove del Brasile, in Atti Soc.

Modena, Tol. xviii. jj. 12. u. 10 (1820).

jD. foliis alternis, lanceolatis, acutis, supra glabris, subtus villoso-sericeis, hrevissime

petiolatis; haccis depressis, papillis adspersis et setis crebris, subdecaspermis ; calyce 5-lobo.

Alph. DC. Prodr. viii. p. 2.39. n. 96 (1844), Mart. Fl. Bras. vii. p. 8 (1856) excL syn.

A tree of about 30 feet higli, with not very thick trunk, very slightly branched ; the

young branches rather setose at the extremitj'. Leaves alternate, lanceolate, elongated at

the apex, entire, smooth above, scattered with yellowish hairs beneath which are closer

along the midrib and round the margin. Calyx 5-lobed. Fruit depressed, scattered with

papillae and short setulae almost like the hairs with which the petioles of the leaves are

covered, size and shape of the Apeiba of Aublet, 1—2 in. thick, 8—10-seeded.

Brazil, Estrella Mountains, Raddi, fruits in April ; iliuas, San Francisco River, in

woods, Martins; near Borba by River Madeira, iijecZeZ.

Martius in Fl. Bras. vii. (Eben.) p. 8 states that this plant is the same as D. sericea,

Alph. DC. ; but the fruit appears to be different.

170. DIOSPYEOS (?) XYLOPioiDES, Mai't. in Fl. Bras. vii. p. S. n. 4 (1S56).

D. ramulis subdistichis fulvo- et apices veisus alhido-sericeis ; foliis subcoriaceis lanceolatis

acuminatis basi acutis (20—36'" long., 3—5"'
lat.) supra glabris, subtns sericeis pilis ap-

pressis flexuosis albis, in neno margine petioloque fulvulis ; floribus axillaribits geminis

ternisve bracteisque fulvo-sericeis.

Arborea. Rami cortice tenui deductili, quahs in multis Diosp}Tis obtinet. Ramuli
prsesertim in extremitatibus dense albo- aut fulvulo-sericei. FoUa, tarn figura quam dispo-

sitione et compage ea Xylopiae frutescentis et nonnuUarum affinium assimilantia, supra

saturate viridia nervo impresso, subtus pilis moUibus appressis in maro^ine et nervo fre-

quentioribu.s, venis vix conspicuis.

Flower-bud sessile, narrowly campanulate, \ in. long ; calyx triiid or tripartite, glabrous

inside, lobes ovate-lanceolate; corolla not exceeding the calyx, silky outside, puberulous

inside, tripartite or tripetalous, valvate; stamens 3, erect, with hairy lines, filaments short;

ovary rudimentary.
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S. America. Guiana, in -woods QTartms !).

Scarcely a true Diospyros and nearer to Maha, but probably neither, and perhaps the

type of a new genus. The foliage is exceedingly like that of Maba sericea.

Excluded axd xomixal Species of Diospyeos.

Diospyros acapidcensis, Kunth = Maha acapulcensis.

Diospyros acuminata, Wall. List, n. 4129 (1828—32). Cfr. Laurineas.

Diospyros albens, Presl = Maha aliens.

Diospyros amhigiia, Vent, non Sap., = Boyena amhigua. Vent.

Diospyros Berterii, Alph. DC. = Maha inconstans, Griseb.

Diospyros cauUfiora, Mart, in Fl. Bras. vir. p. 7 (185G), non Blume, = Maha caulijlora.

Diospyros cerasifolia, D. Don, Prodr. Fl. Nep. p. 144 (1825) = Eurya symjjlocina, Blume.

Diospyros conduplicata, Kunth = 2Iaba inconstans, Griseb.

Diospyros cupulosa, F. Muell. = J/a6a rufa, Labill.

Diospyros fasciculosa, F. Muell. = Maha fasciculosa, F. Muell.

Diospyros feminina, Hamilt. ox Alph. DC. Prodr. viii. p. 238. n. 83 (ISi-i), = Eurya

symplocina, Blume.

Diospyros frondosa, Wall. List, n. 4125 (1828—32) = Bocagea elliptica. Hook. fil. et

Thoms.

Diospyros geniinata, F. MuelL = 2Iaba geminata, R. Br.

Diospyros grandifolia. Wall, ex Voigt, Hort. Suburb. Calcutt. p. 345 (1845). Name

only.

Diospyros hexasperma, Hasselt = Maba elliptica, Forst.

Diospyros hirsuta, Desf. non Linn. &!., = Boyena hirsuta, Linn.

Diospyros humilis, F. Muell. = Maha humilis, R. Br.

Diospyros inconstans, Ja.cq. = 2Iaha inconstans, Griseb.

Diospyros lanceolata, Poir., non Wall., = J/a6a lanceolata.

Diospyros lycioides, Desf. = Boyena pollens, Thunb.

Diospyros microcarpa. Span, in Hook. Comp. Bot. Mag. i. p. 348 {name only, 1835),

non Sicb.

Diospyros myrmecocarpus, Mart. = Maha myrmecocarpa.

Diospyros ohlonga, G. Don, Gen. Syst. Gard. rv. p. 40 (1837) = ? D. venosa, Wall.

Diospyros ohovata, Wight, Icon. t. 1226 (1850), non Jacq., = Sapotacea.

Diospyros ohtusifolia, Bert., non Humb. et Bonpl., = Maba inconstans, Griseb.

Diospyros psidioides, Kunth = 3Iaha inconstans, Griseb.

Diospyros jiuhescens, Pers., non Pursh, = Boyena hirsuta, Linn.
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Diospyros punctata, Korth., non Decaisne, = Maba p)unctata.

Diospyros salicifoUa, Humb. et Bonpl. = Maba salicifolia.

Diospyros sericea, Alph. DC. = Maba sericea.

Diospyros sericocarpa, F. Muell. = Maba rufa, Labill.

Diospyros serrata, Hamilt. ex D. Don, Prodr. Fl. Nop. p. 143 (IS25) = Eurya acumi-

nata, DC.

Diospyros venosa. Wall. List, n. 4126 (1828—32) = ? Annnacea.

Diospyros virginica dulcis = Carpodinus edulis, Don. Cfr. Alph. DC. Prodr. viii. p. 329

(1844).

Diospyros (sp.), Salt! Voyage to Abyssinia, p. 14 {ISl'i) = Euclea multifiora, var.

V. TETRACLIS, gen. nov.

<J. Flores dioeci. Flores cymosi, tetrameri, subglohosi. Calyx depresso-globosus ; lohis

brevibus depresso-deltoideis, prafloratione valvatis. Corolla carnosa, 4>-Jida, extus puberida,

intus hirsuta ; lobis prcejioratione valvatis. Stamina circiter 30, pleraqiie geminata, prope

corollce basim inserta ; filamentis hrevibus compressis pid)escentibus ; antheris hispidulis oblongis

liberis, lateraliter bilocularibus ; pollen globosum, Iceve. Ovarii rudimentum nullum.

5 . Bractece caducw. Fructus superus, solitarius, piedunculatus, subglobosus, subtomen-

tosus, ferrugineus, carnosus, 8 {'l)-locularis et -spermus ; p)ericarpio crasso. Calyx profunde

4<-lobus, accrescens, appressiis, semina pendula oblonga, testa, non nitidd.

Arbor madagascariensis ; foliis coriaceis alternis simplicibus integerrimis exstipulatis
;

floribus axillaribus, apice 4 lineis cruciatis praefloratione notatis.

1. Tetraclis CLUSiJiFOLiA, sp. nov.

T. foliis oblongis vel obovato-oblongis, apice rotundatis, emarginatis vel breviter acumi-

natis, obtusis, basi cuneatis, subglabris, coriaceis, petiolatis, nervis tenuibus, crebris.

Plate XI. A fruiting branch, natural size. a. A male inflorescence, natural size.

b. A male flower, magnified 4 diameters, c. The same after the removal of the calyx,

magnified 4 diameters, d. A vertical section of a male flower, magnified 6 diameters.

e. A transverse section of male flower, magnified 5 diameters.

A large tree with young parts puberulous ; branches dai-k, somewhat angular, gla-

brescent, remotely rugose-verrucose. Leaves oblong or obovate-oblong, rounded emarginate or

shortly acuminate at apex, cuneate at base, with recurved margins, subglabrous, yellowish

green and shining on both sides ; midrib depressed above ; lateral veins close, -svidely

spreading, very feeble, and in relief on both sides of the leaf; [the lateral veins on
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the lower side of the leaves are too distinctly rendered by the lithographer in Plate XL]

;

5—10 in. long (besides channelled petioles |—^1 in. long) by If—Sin. wide.

£. Cymes on young branches, shortly subferruginous-pubescent, bearing 3—10

flowers, ^—I in. long (not including the flowers) ; common peduncle J

—

h in. long
;

pedicels

J5—^ in. long; flowers -i

—

\m. in diameter, pubescent. Calyx nearly as high as the

corolla, 4-lobed at apex, at base somewhat 4-sided outside. Corolla puberulous outside,

hirsute or hispidulous inside. Stamens 30 (in one flower), mostly united by their

filaments in pairs ; anthers hispidulous, filaments hairy inserted near the base of the

coroUa
;
pollen globular, smooth, about -^ in. in diameter. Ovary wanting.

2 . Fruit (unripe ?) soHtaiy, |—| in. high, by 1—1^ in. thick, crowned at apex by

remains of 4-partite style; fruiting peduncles ^—i in. long, thickened upwards, puberulous;

fruitino- calvx 4-sided, softly hairy on both sides ; lobes widely ovate, acute, somewhat

cordate and pouting at base, reaching half the height of the fruit, thickly coriaceous.

Madagascar, Richard/ 38S, Nossi-b^ ; Perville ! 6.

Fossil Eben-ace^.

About 60 specific names of this family relating to fossils have been published ; the

first was pubHshed by Dr Alexander Braun, about 25 years ago, and the last by Prof W.

Ph. Schimper, in the present year (1872). All these fossils occur in Tertiary strata, with the

exception of one, namely Diospyros primmva Heer from the beds of Nebraska in North America,

which beds have been recently referred to the Cretaceous period, though they were formerly

supposed from the facies of the contained flora to be Tertiary. The majority of the species

have been founded on leaves alone ; and the venation of these no doubt accords more or

less closely with that of those species of Ebenacese, such as Diospyros Lotus, Boyena hirsida,

Euclea lanceolata, &c., which fossil botanists seem to regard as the tvpes of their respective

genera. There is in fact much variety of venation amongst the recent species of the family

;

and with respect to recent plants it is quite impossible to assign to the family, with even

a moderate amount of certainty, a given leaf of an unknown genus. A few of the

fossil species have been described from the calyx fniit or seed, with or without leaves

;

and the best of these specimens, such as those which have been named Diospyros hrachy-

sepala, and Euclea relicta, present fair evidence of belonging to the structure of Ebenacese,

while even in these instances the genus cannot be properly fixed, and other families

are not absolutely excluded. With regard to many of the fossil species, the utmost

inference founded on reasonable grounds which can be deduced, is a favourable suggestion

of Ebenacese for the family to which the specimens may probably belong ; and with regard

to other specimens of the published species, it appears to me that Ebenacese is not a

probable family for them. It would be much the bettor plan to refer all fossils, which

have nearest affinities to Ebenaceas, to a fossil genus Ebenacites, as was done in the first

instance by Saporta, but subsequently relinquished by him in favour of Diospyros. On the

whole then, as I place but little confidence in the determination of the fossils, I wish in
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no waj to confiiin them in their present places ; but since they have been published as

Ebenaceous, I quote them as they stand, with the addition, in some cases, of additional

particulars and remarks ; I have added the synonymy in accordance with the views of the

principal authorities in fossil botany, and have drawn iip artificial keys for the genera,

and also for the species in each genus, in order to set forth the distinctive characters

of the genera and species, so far as their published descriptions allow, and to found a

basis for their systematic arrangement.

Key to the Fossil Geneea.

Leaves small, not exceeding 1 in. long, midrib alone robust. L ROTENA.

Leaves exceeding 1 in. long ; lateral veins more or less clearly marked.

Calyx 4—5-merous.

Leaves narrowly elliptical, 3—i in. long, narrowed at both ends. II. EuCLEA.

Leaves ovate lanceolate oval or oblong or exceeding 4 in, long. III. Diospyeos.

Calyx 3-merous. IV. Maceeightia.

Diospyros hteringiana, Ettingsh. has narrowly elliptical leaves 2—3| in. long, but it

was published previously to the reference of any fossil to the genus Euclea. fossils

with a trimerous calyx, especially if the foliage is Ebenaceous, have been referred by

authors to Macreightia, a genus which I have merged in the older genus Maha ; if

then they still merit reference to a recent Ebenaceous genus, they must all be included

under the genus Maha.

I. Key to the Fossil Species of Eotena

Leaves linear, \ in. broad.

Leaves oblanceolate or wider, \— I in. broad.

Leaves oblanceolate or oblong, 1 in. long.

Leaves oblanceolate.

Leaves oblong.

Leaves oval or round, \—| in. long.

Leaves cuneate-orbicular.

Leaves oval.

E. Myosotis.

2. B. grcEca.

3. R. AmalthecE.

4. i?. euboea.

5. E. Pentelici.

Vol. XII. Part L 35
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1. RoTENA Myosotis, Ung. Foss. Fl. Eub. in Denkschrift. Kais. Akad. Wissenscli. Math.-

Naturw. xxvii. p. 69. t. xiv. fig. 5—8 (1867).

B. foliis linean-lanceolatis minimis in petiolum hreveni attenuatis integris coiiaceis,

nervo medio solo distincto; calyce quinquelobo quatuor lineas lato, laciniis inceqvalibus

rotundatis.

Diospyros Myosotis, Ung. Gen. et Sp. PI. Foss. p. 436 (1850), Syll. PI. Foss. iii. p. 28.

t. IX, f. 13, 15, (1866); Schimp. PaL Veg. ir. p. 952 (1872); Web. Palseontogr. ii. p. 190.

t. xrv. f. 5 h, non f. 5 a.

In Miocene formations, Kumi, Negropont; Eocene, in marly schist, Radoboj, Croatia.

Leaves |—1 in. long by ^ in. wide. Calyx ^ in. in diameter. Cfr. Parana. According

to Prof. Schimper, Unger has comprised several different plants under this species, and

Ettingshausen in Sitzungsber. Math.—Naturw. Akad. Wissensch. XXXYIII. p. 492 (1858),

has shewn that the leaf which Unger described and figured for this species in Foss. Fl. v.

Sotzka, p. 172. t. 43. f. 15 (1851), is a leaflet of Cassia phaseolites, while he thinks that

Unger s fig. 16 may be a calyx of Celastims.

2. RoYENA GR^CA, Ung. Foss. Fl. Eub. in Denkschrift. Kais. Akad. Wissensch. Math.-

Naturw. xxvii. p. 68. t. xi. fig. 40—51 (1867).

R. foliis lanceolato-lingulatis hreviter petiolatis integerrimis coriaceis, nervo primario

valido, nervis secundariis tenuissimis ti-ansvei'sissimis raniosissimis ; calyce firmo patente

semiquinquefido deciduo, laciniis inceqiuilibus ovato-acuminatis extus striatis S-millim. longis,

margine parum involutis ; drupd siccd quadriloculari.

Diospyros grceca, Saporta in BuU. Soc. G^ol. France, xxv. p. 321 (1868).

Schimp. Pal. Vdg. n. p. 954. n. 1 (1872).

In Miocene formations at Kumi, Negropont.

Leaves 1 in. long by -^ in. wide, oblong, obtuse, cuneate at base
;

petiole very short.

3. EoYENA AsiALTHE^, Ung. Foss. Fl. Eub. in Denkschrift. Kais. Akad. Wissensch. Math.-

Naturw. xxvii. p. 69. t. xiv. f 1 (1867).

R. foliis ovato-lanceolatis minimis obtusis in petiolum attenuatis integerrimis coriaceis,

nervis secundariis crebris tenuibus ramosis reticulatim conjunctis.

Schimp. Pal. Vt%. ii. p. 955. n. 2 (1872).

In Miocene formations at Kumi, Negropont.

Leaves oblanceolate about 1 in. long by \ in. wide. Cfr. R. grceca, Ung.

4. ROYENA EUBOEA, Ung. Foss. Eub. in Denkschr. Kais. Akad. Wissensch. Math.-

Natunv. Vol. xxvii. p. 69. tab. xiv. fig. 2—4 (1867).

R. foliis minimis petiolatis cuneato-orhicularihus coriaceis integennmis nervo primario

valido, nervis secundariis inconspicuis.

Schimp. Pal. Vdg. II. p. 955. n. 3 (1872).
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In Miocene formations at Kumi in Negropont.

Leaves ^—J in. long by {—i in. wide
;
petioles ^,5

—

^ in. long. Of quite uncertain family.

5. ROYENA Pentelici, Ung. Foss. Fl. Eub. in Denkschr. Kais. Akad. Wissensch. Math.-

Naturw. Vol. xxvii. p. 70. t. xiv. f. 9 (1867).

B. foliis minimis ovato-ellipticis petiolatis integerrimis conaceis, nervis secundariis sub-

simplidbus fere inconspicuis.

Schimp. Pal. V^g. n. p. 955. n. 4 (1872).

In Miocene formations at Kumi in Negropont.

Leaf f in. long by J in. wide
;

petiole -j^ in. long. Not imlike a short leaf of It. glabra

L., but placed in this genus on insufficient evidence.

II. Key to the Fossil Species of Euclea.

Leaves petiolate.

Leaf Sin. long, acuminate at both ends. 1. E. miocenica.

Leaf 4 in. long, narrowed at both ends, not acuminate. 2. E. Apollinis.

Leaf sessile. 3. E. relicta.

1. Euclea mocenica, Ung. SyU. PI. Foss. in. p. 25. t. viii. fig. 8, 8* (1866).

E. foliis lanceolatis utrinque acuminatis petiolatis integerrimis coriaceis, nervo primario

valido, nervis secundariis flexuosis ramosis rete nervorum tertiariorum laxo inter se conjunctis.

Heer Mioc. Bait. Fl. p. 84. t. xxviii. fig. 3—8 (1869) ; Schimp. Pal. V^g. II. p. 956.

n. 1 (1872).

In marly schist, Croatia, Unger ; Rixhoft, Samland, W. Prussia.

Leaf Sin. long by fin. wide; petiole 1% in. long. Genus and family quite uncertain.

2. Euclea Apollinis, Ung. SyU. PL Foss. in. p. 26. t. viii. fig. 10, 10* (1866).

E. foliis lanceolatis breviter petiolatis integerrimis coriaceis, nervo primario valido, nervis

secundariis crebris flexuosis ramosisque rete nervorum tertiariorum laxo inter se conjunctis.

Rhododendron Apollinis, Ettingsh. ex Ung, I. c.

In marly schist, Eocene ; Radoboj, Croatia, Unger.

Leaf 4 in. long by fin. wide; petiole scarcely ^in. long, narrowed at both ends. Leaf

very like E. miocenica Ung. but rather larger. Prof Schimper unites this with E. miocenica.

3. Euclea relicta, Ung. Foss. Fl. Eub. in Denkschr. Kais. Wissensch. Math.-Naturw.

Vol. xxvii. p. 68. t. XL f. 39 (1867).

E. foliis lanceolatis utrinque attenuatis sessilihus integerrimis coriaceis, nervo primario

valido, nervis secundariis ungulo subrecto exorientibus flexuosis ramosissimis in retem nervorum

tertiariorum laxum divisis.

Schimp. Pal. Vdg. n. p. 956. n. 2 (1872).

In Miocene formations at Kumi in Negropont.

Leaf 3i in. long by f̂ in. wide, narrowed at both ends ; of quite uncertain family.

35—2
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D. anceps.

2.
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25. D. obliqua with linear lobes, and 26. Ebenacites rugoSus with wider lobes, are known

only from the calyx ; and 27. D- Zollikoferi is described from a cluster of .seeds only.

1. DiosPTROS ANdEPS, Heer, Fl. Tert. Helvet. iii. p. 12. t. cii. fig. 15—18 (1859).

D.foliis ovato-eUipticis, ajrice acuniinatis, had obtusis, membranaceis, hie illic inwquilateris,

integerrimis, petiolatis, nervis secundariis remotiuscidis, sub angulo sat aperto egredientibus,

curvatis, ramosis, ipsis et ramis arcuato-conjunctis, rete laxo.

Gaudin et Strozzi M^m. Foss. Tosc. ii. p. 51. n. 48. t. vii. f. G (1859) ; Heer, Mioc.

Bait. Flora, p. 84. t. xxvii. fig. 7—9 (1869) ; Schimper, Pal. Ve'g. ii. p. 948. n. 12 (1872).

Miocene; Germany and Tuscany.

Leaves acute or subacute, 1^—8| in. long by |—If in. wide
;

petioles I
—i in. long.

2. DiOSPYROS VETUSTA, Giebel, Fl. Sachs. Thiiring. Braunkohl. in Zeitschr. xvi. p. 57 (1860).

D. foliis alternis, ovato-ellipticis, apice acutis vel acuminatis, basi angustatis, coriaceis,

nervis secundanis subtilissimis, areis reticulatis ; fructu glohoso, o-angulato, 5-spermo ; calyce

fructifero patente, o-Jido, lohis rotundatis.

Heer, Sachs.—Thiiring. Braunk. p. 10 [416]. n. 24. t. vii. f. 1—6 (1861). Schimp. Pal.

Vdg. II. p. 946. n. 6 (1872).

Eocene ; Lignites of the Ligurian strata of Skopau in Thiiringe, Saxony.

Leaves 2|—Sin. long by ^2^—1^ in. wide; petiole about i% in. long; calyx fin. in

diameter; fruit | in. in diameter.

3, DiOSPYROS LovENi, Heer, Fl. Foss. Ai-ct. p. 118. t. vii. fig. 7 b, c, 8, t. XLVii. fig. 8 (1868).

D. foliis firmis, coriaceis, integerrimis, nervis secundariis remotis, sub angulo acuto

egredientibus, valde camptodromis, ramosis, areis argute reticulatis.

Schimp. Pal. Ve'g. ii. p. 949. n. 15 (1872).

Miocene; Atanekerdluk, North Greenland.

Leaves perhaps 6 in. long by 1-| in. wide, areolate, elliptic-oblong.

4. DiOSPYROS "WoDANi, Ung. Gen. et Sp. PI. Foss. p. 435. n. 2 (1850).

D. foliis ovato-oblongis, ajnce acuminatis basi attenuatis petiolatis integerrimis membra-

naceis, nervo medio valido, nervis secundariis remotis suhsimplicibus sursum arcuatis tenuibus;

baccd globosd exsuccd semipollicari, calyce quinquelobo deciduo patente, laciniis lanceolatis

obtusis striatis pollicaribus.

Ung. Syll. PI. Foss., pug. iii., in Denkschrift. Kais. Akad. Wissensch. Math.-Naturw.

XXV. p. 27. t. IX. fig. 10—12 (1866), Ettingsh. Beitr. z. Foss. Fl. v. Radoboj, p. 55, Schimp.

Pal. Veg. II. p. 951. n. 22 (1872).

Plumeria Flos-saturni, Ung. Gen. et Sp. PI. Foss. p. 433 (1850); Syll. PI. Foss. ill.

p. 27. t. IX. fig. 10—12 (1866).

Anona macrophylla, Ung. Gen. et Sp. PL Foss. p. 442. n. 3 (1850).

Eocene; in marly schist, Badoboj, Croatia.

Fruit I in. in diameter ; calyx deeply 5-lobed, If in. in diameter, patent ; lobes narrowly
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elliptical, obtuse, striate, |—| in. long by {—| in. wide. Leaves about 6 in. long. Of un-

certaia family.

5. DiosPYKOS LiGNiTUM,. TJng. Syll. PI. Foss., pug. iii., ia Denkschrift. Kais. Akad.

Wissensch. Math.-Naturw. xxv. p. 30. t. IX. f. 9 (1866).

D. foliis ovato-ohlongis utrinque attenuatis petiolatis integerrimis memhranaceis, nervo

primario valido, nervis secundariis distantibus siviplicihus ramosisque ; seminihus suborbiculari-

ohlongis obtusis Icevibus compressis, chalazd parvd immersd.

Anona Lignitum, Ung. I.e., pug. i. p. 25. t. x. fig. 1—7 (1861), Gen. et Sp. PI. Foss.

p. 441 (18.50).

Miocene ; lignite of Salzhausen in Wetterau and Frofajach in StjTia.

Leaves 7 in. long by If in. wide ; seeds | in. long by
-f^

in. broad. The seed is not

typical of the family. Not given by Schimper in his TraiU de PaUontologie vegetale among

the Ebenacese.

6. DiosPYROS Webekii, Massal. SyU. PI. Foss. Tert. Venit. p. 77 (1859).

D. foliis (l) ovatis acutis suhpetiolatis integerrimis, nervo primario valido, nervis secundariis

nullis ; calyce quinquelobo deciduo minimo patente, laciniis apiculatis.

D. Myosotis, "Web. Tert. Fl. Niederrhein. Braunkohl. in Dunker et Meyer, Beitr.

Naturgesch. Vorwelt, Vol. Ii. p. 19. t. xiv. fig. 5 a (1852), non Ung.

In Tertiary formations, Italy, &c.

Calyx I in. in diameter. The leaves (at least) probably belong to Royena Myosotis, TJng.

7. DiosPTROS ALASKANA, Schimp. Pal. V(^g. II. p. 949. n. 17 (1872).

D. foliis ellipticis utrinque acutis, subcoriaceis, nitidis, integerrimis, longe petiolatis, nei-vo

medio valido, nervis secundariis subtilibus (validis ex Lesq.), superioribiis alternantihus,

inferioribus oppositis, omnibus valde curvatia camptodromis sub angulo acuto egredientibus,

areis nervulis transversis obsoletis ramosis reticulatis.

D. lancifolia, Lesquer. in Sill. Amer. Joum. ser. ii. vol. XXVII. p. 3G1. n. 13 (Maio,

1859); Heer, Foss. Pfl. v. Van Couver u. Brit. Columb. p. 8. t. i. f. 10—12, li. f. 1—3;

Fl. Foss. Alaskana, p. 35. t. in. f 12 (1869) ; non Al. Br.

£>. lanceolata, " Lesq." ex Schimp. I. c, non Poir.

British Columbia and Neniltschik (Alaska); Billingham Bay, Washington Territory,

N. America.

Leaf 4 in. long by 1^ in. wide; petiole h in. long.

8. DiosPYROS INCERTA, Massalongo, Synops. Fl. Foss. Senigall. p. 76. n. 187 (1858).

I), foliis ovato-lanceolatis utrinque attenuatis acuminatis petiolatis penninerviis integeirimis,

costd validissimd, nervis secundariis rectiuscidis, sub angulo 45—50° exorientihis subcequi-

distantihus, subramosis, apice bifurcatis, arcuatim conjunctis, nervulis venisque subobsoletis.

Massal. Fl. Foss. Senigall. p. 295. t. xxvi^xxvii. fig. 6, 29 (1859).

Miocene ; Senigallia, Italy.

Leaves 4—4.^ in. long (including petiole §—-/g in. long) by IJ in. wide. The specific

name is more suitable than the generic.
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9. DiosPYROS BRACHYSEPALA, Al. Br. in Leonh. et Bronn, Neues Jahrb. fiir Mineral.

1845, p. 170.

D. foliis elUptico-oblongis, apice obtuse vel acute angustatis vel acuminatis, hafd cuneatis

vel obtusis, subcoriaceis vel sithmembranaceis, integernmis, petiolatis, penninei'viis, nervis secun-

dariis alternantibus, remotiusculis, sub.angulo acuto vel recto egredientibus, aurvatis ramosis,

ipsis et ramis dorsalibtis marginem versus arcuato-conjunctis, brochiodromis ; calyce quadrifido,

medio cicatrice annulari impressd notato, lobis brevibus, late ovatis vel rotundis, apiculatis

;

baccd exsuccd, semipollicarl.

Ung. Blatt. Swoszowice in Nat. Abh. Gesamm. t. xiv. f. 1.5 (1849) ; Heer, Miocene Baltische

Flora, p. 84. n. 65. t. xxvii. fig. 1—6, t. xxviii. f. 1. (1869), Fl. Tert. Helvet. iii. t. cii. fig.

1—14 (1859), Fl. Foss. Arct. p. 117. t. xv. f. 10—12, t. xvii. f. 5 h, i, t. XLVii. fig. 4 b, c, d,

5—7 (186S), Braunk. Bomstadt in Abh. Nat. Halle, t. ill. fig. 7, 8 (1869), Phil. Trans, vol.

159. pt. II. p. 475. n. 48. t. L. f. 13, t. Lv. f. 8 (1870) ; Sismonda, Pal. Yiim. p. 55. t. xi.

f. 6, t. XVI. f. 5, t. XIX. f. 3 (1865); EttingsL Foss. Fl. Bilin, in Denkschrift. Akad. Kais.

Wisseusch. Math.-Naturw. Bd. xxviii. p. 232. t. XXXVIII. f. 28, t. XXXIX. f. 1 (1868);

Schimp. Pal. Ve'g. ii. p. 949. n. 18 (1872).

Tetrapteris Harpijiarum, Ung. Foss. Fl. y. Sotzka, p. 46, t. XXIX. fig. 9 (1850), in Denkschr.

Bd. II. t. L (1851).

Getonia petrcBceformis, Ung. Foss. Fl. v. Sotzka, t. XXXIII. f. 2—4, in Denkschr. Bd. II.

t. LIT. (G. petrcecvfolia ex Schimp. I. c.)

G. macroptera, Ung. Foss. FL v. Sotzka, t. xxxiii. fig. 8, in Denkschr. Bd. II. t. Liv.

G. truncata, Goepp. Tert. Fl. v. Schossnitz, p. 37. t. XXV. fig. 11 (1855).

D. lancifoUa, A. Br. ex Bruckm. Fl. Oening. Foss. in Jahr. Ver. Nat. Wiirtemb. p. 232

(1850), non Lesq.

D. langifolia, "Al. Braun" ex Stizenb. Verst. Baden, p. 83 (1851).

Arbutus diospyrifolius, Massal. Lett. Scarab, p. 29. n. 203 in Ann. Sc. Nat. Bologn.

(1854); Fl. Foss. Senigall. p. 296. t. xxvi—xxvil. f. 3, t. XLV. f. 7 (1859).

D. longifolia, "Stiz." ex Heer, FL Tert. Helvet. III. p. 11 (1859), non Spruce.

D. latifolia, "Al. Br." ex Schimp. Pal. Veg. ii. p. 949 (1872).

Upper middle and lower Miocene formations; North Greenland, W. Prussia, France,

Switzerland, Italy.

Leaves \\—5 in. long by |—2J in. wide
;
petioles ranging up to f in. long. Calj^ \—| in.

in diameter.

10. DiosPTROs PARADISIACA, Ettingsh. Foss. Fl. Bilin in Denkschrift. Akad. Wissensch.

Math.-Naturw. xxviii. p. 234. t. xxxviii. fig. 29—31, 34 (1868).

D. foliis lanceolatis, utrinque angus'atis, basi acutis, integernmis membranaceis, petiolatis,

nervo primario distincto recto, nervis secundariis tenuibus, inferioribus sub angulo 45°, mediis

et superioribus sub angulis obtusioribus, arcubus laqueorum maculis externis instructis, jiends

tertiariis temdssime dictyodromis ; baccd ovided, exsuccd; calyce 5-partito, patente, deciduo,

laciniis linearihus obtusis, nervoso-striatis, vix semipo'.licaribus.
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Scliimp. Pal. Vdg. il. p. 946. n. 5 (1872).

Miocene; Tripoli de Kutschlin, Bohemia.

Leaf 3J in. long or more by 3% in. wide: petiole ^in. long; calyx-lobes i—|in. long

by -^—Jin. -wide; fruit (?) fin. long.

11. DiosPTEOS LOTOIDES, Ung. Syll. Fl. Foss., pug. III., in Denkschrift. Kais. Aiad.

Wissensch. Math.-Naturw. xsv. p. SO. t. x. fig. 1—12 (1866).

D. foliis lanceolato-oblongis utrinque attenuatis hnge-petiolatis, margine plus minus undulato,

integerrimis plurinerviis, nervo primario valido, nervis secundariis crebris, sub angulo plus minus

acuto emissis, marginem versus arcu brevi conjunctis, apice se conjunctis, nervis tertiariis trans-

versalibus ufplurimum obsoletis vel parum conspicuis, calyce minimo, o-fido, patente, laciniis

rotundalis.

Ung. Foss. Fl, d. alt. Braunk. d. Wetterau, p. 59 ; Scliimp. Pal. Y4g. il. p. 951. n. 20 (1872).

Borraginites myosotifioi~us, Ludw. Palasontogr. in Mey. Beitr. Naturg. Yorw. viii. p. 116

(1860).

iliocene; lignite at Wetterau, Germany.

Leaves 3—5^ in. long by |-—If in. wide; petiole ^j-^l|in. long. Apparently not Ebe-

naceous. Cfr. Juglans acuminata, Ludw. and J. ventricosa, Ludw.

12. DiosPYROS PRiMiEVA, Heer, Pbyll. Crdt. der Nebraska, p. 19. t. I. fig. 6, 7.

D. foliis oblongo-ovalibus, apice obtusiusculis, integerrimis ; nervis secundariis serpentinis,

ramosis, camptodromis.

Scbimp. Pal. Vdg. 11. p. 948. n. 14 (1872).

Upper cretaceous deposits (?) in Nebraska, N. America.

D. anceps of the Miocene of Europe and D. alaskana of the molasse of North America

greatly approach this species from Nebraska.

13. DioSPYEOS Auricula, Ung. Gen. et Sp. PI. Foss. p. 436 (1850), Syll. PI. Foss. in.

p. 26. t. IX. f 1—4.

D. foliis ovatis utrinque attenuatis integerrimis membranaceis, nervo primario valido,

nervis secundariis suhremotis, sub angulo acuto egredientibus, sursum repetito-arcuato-anasto-

mosatis, subarcuatis, apice ramosis ; calyce quadrifido vel quinq^i^fido deciduo patente, ladniia

svbquadratis emarginatis basi callosis striatisque semipollicaribus.

Schimp. Pal. Y6g. 11. p. 947. n. 10 (1872).

J), auriculata, Stiehler, Synops. Pflanz. Vorw. i. 147 (1861), non Wight.

Eocene; Croatia, in marly schist at Radoboj.

Leaves somewhat narrowed at both ends, obtuse at apex, 3|—4| in. long by 1|—1|^ in.

wide ;
petiole -^

—

^ in. long ; calyx-lobes \ in. long. The characters given agree with

Diospyros.
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14. DiosPYROS nUBiA, Goeppert, Tert. Fl. Java, p. 47. t. xii. f. 72 (1854).

D. foliis ovatis subobtusis subcoriaceis integerrimis jMnninerviis, nervis secundariis alter-

nantibus subreinotis sub angulo aciito 60° circa exorientibus adscendentibus curvatis ramosis,

ramulis ante marginem in maculas transeuntibus in rete solutis.

Schimp. Pal. V^g. II. p. 947. n. 9 (1872), non Wight.

Pliocene?; Pesawahan, Java, Junghuhn 353.

L^af (estimated from a fragment) probably about 2 in. long by 1 in. wide. Family

quite conjectural.

15. DiosPTROS VARIANS, Saporta in Ann. Sc. Nat. ser. v. vol. ill. p. 111. t. iv.

fig. 14, t. VI. fig. 4 (1865), vol. VIII. p. 91. t. x. fig. 7, 8 (1867).

D. foliis lanceolatis elUpticis oblongo-lanceolatis vel ovatis, apice obtusis quandoque breviter

attemiatis, basi paruni inwqualibus, subcoriaceis, breviter petiolatis, integerrimis ; peiiofo trans-

verse rugoso ; nervo primario valde expresso ; nervis secundariis tenuibus numerosis reticulatis

;

nervis tertiariis in rete flexuoso subtiliter vemdoso coeuntibus.

Schimp. Pal. Y4.g. ii. p. 944. n. 1 (1872).

Tertiary; S.E. France, frequent.

Leaves 2J in. long by J in. wide, 3J in. by 1^ in., 3J in. by | in.

16. DiosPYROS OBSCURA, Sap. Etud. II. p. 283 in Ann. Sc. Nat. ser. v. vol. iv.

p. 138 (1865).

D. foliis lanceolatis, coriaceis, breviter lateque petiolatis; nervo primario valido, secun-

dariis obliquis, secus marginem areolatis, inconspicuis.

Schimp. Pah Vdg. ii. p. 947. n. 8 (1872).

Upper Tertiary; S.E. France, Armissan; rare.

Only differs from D. varians by thicker and little longer petiole, by the more regularly

lanceolate leaves, and by the less ramified secondary ascending veins, which are united near

the margin by very obtuse curves.

17. DiosPYROS PAL.«OG^A, Ettingsh. Foss. Fl. Bilin in Denkschrift. Akad. Wissensch.

Math.-Naturw. xxviii. p. 233. t. xxxviii. f. 24—26, 32 (1868).

D. foliis ovalibus, obtuse acuminatis, basi angustatis, integerrimis, coriaceis, petiolatis,

4 5 pollices longis, nervo primario distincto, nervis secundanis crebris, tenuibus, flexuosis,

ramosis; baccd globosd, exsuccd, fere pollicari ; calyce firmo, quinque-partito, patente, deciduo,

semipollicari, laciniis ovato-lanceolatis, acuminatis.

Schimper, Pal. Ve'g. vol. Ii. p. 945. n. 4 (1872).

Miocene; Tripoli de Kutschlin, Bohemia.

Leaf 4f in. by 1| in. wide
;
petiole ^ in. long ; calyx nearly f in. in diameter.

Vol. XIL Part I. 36
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18. DIOSPYEOS H^EINGIANA, Ettingsh. Tert. Fl. Hiiring, p. 61. t. xsi. f. 26,

t. XXII. f. 11 (1851).

D. foliis lanceolatis vel elongato-lanceolatis, petiolatis, integerriviis, sub-coriaceis, utrinque

angustatis, petiolo rugoso ; nervatione dictyodroma, nervo primario valido, nervis secundariis

tenuihus, sub angido 60—80° orientihus, arcuatis, ramosis ; calyce 4i-fido, segmentis parum
productis, acutis.

Saporta in Ann. Sc. Nat. ser. iv. vol. xix. p. 72. t. ix. f. 1 (1863) ; Schimper, Pal.

Y4g. 11. p. 945. n. 2 (1872).

Tertiary ; in calcareous bituminous schist at Hiiring, Tjrrol ; marly beds, S.E. France.

Leaves 1^—3 J in. long by ^—njin- wide, nan-owly elliptical, obtuse at apex; calyx ^ in.

in diameter.

19. DiosPTEOS PANNONICA, Ettingsh. Foss. Fl. Wien, p. 19. t. in. f. 8 (1851).

D. foliis eUipticis, hasi angustiorihiis, integerrimis, petiolatis, nervis secundariis undidatis,

sub angido 50—60° orientihus, apice ramosis et in rete abeuntibus, nervis reticulatis e nervo

primario sub angulo recto, e Tiervis secundanis sub angnlo acuta egredientibus, ramosis.

Schimper doubtfully unites this to D. aticeps, Heer.

Vienna, in marly schist.

Leaf 2g in. long by 1^ in. wide. Very like leaf of D. brachysepala, but apparently more

obtuse.

20. DiosPYKOS RoYENA, Ung. Syll. PI. Foss., pug. iii., in Denkschrift. Kais. Akad.

Wissensch. Math.-Naturw. XXV. p. 29. t. IX. fig. 18, 19 (1866).

D. fuliis ovalibus breviter jietiolatis integerrimis sesquipollicem longis, nervo primario

distincto, neitis secundariis crebris tenuihus ramosis ; calyce firmo quinqueloho patente deciduo

semipollicari, laciniis acuminatis.

Schimp. Pal. Veg. ii. p. 952 (1872).

In marly schist ; Radoboj, Croatia.

Leaves 1^ in. long by § in. wide
;

petiole fjc in. long. Calyx-lobes ^ in. long by | in.

wide. Family quite uncertain.

21. DiosPYEOS STENOSEPALA, Heer, Fl. Foss. Alaskana, p. 35. t. viii. fig. 7, 8 (1869).

D. foliis ovalibus, hasi rotundatis, integerrimis, subcoriaceis ; calyce fructifero quadripartito,

lobis oblongis, apice rotundatis.

Schimp. Pal. Y6g. ii. p. 9-1.9. n. 16 (1872).

Miocene ; English Bay, Alaska, N. America, Furuhjelm.

The shape and size of the calyx correspond with those in D. brachysepala, but the

lobes are longer and narrower. Calyx f in. in diameter; leaves IJ in. wide.
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22. DiOSPTROS BiLixiCA, Ettingsb. Foss. Fl. Bilin, ii. p. 45, in Denkschrift. Akad.

Wissensch. Math.-Naturw. xxviii. p. 233. tab. xxxix. fig. 17, 18 (1868).

B. foliis coi-iaceis, ohlongo-ellipticis, crassiuscule petiolatis, basi rotundatis, apice sub-

obtusis, integerrimis, nervo primano basi valido, apicem versus sensijn angustato, nervis

secundariis sub angulis acutis orientibus, tenuissimis, subremotis, nervis tertiariis obsoletis

;

calyce profunde quadrifido, deciduo, patente, minimo, laciniis ovalibus, longitudinaliter nervoso-

striatis, basi coaretatis.

Scbimp. Pal. Veg. ii. p. 947. n. lU (1872).

D. bohemica, Scbimp. I. c. p. 94.5. n. 3.

Miocene ; menilite-opal of tbe vallej of Schicbow near Bilin, Bobemia.

Leaf 4|in. long by If in. wide; petiole fin. long. Calj'x i—| in. in diameter, lobes

rounded. Tbe leaf mucb resembles tbat of D. Auricula, Uug., but differs by tbe more con-

siderable tbickness of tbe petiole and midrib.

23. DiosPTEOS OBLONGIFOLIA, Heer, Braunk. von Bornstadt in Abbandl. d. Nat.

Gessellscb. zu Halle. XI. Bd. p. 17. t. iii. f. 9 (1869).

D. foliis oblongis. utrinque obtusis, integerrimis; nervis suprahasilaribus ultra medium
produdis, cceteris utrinque 4 remotis, patentioribus, apice cum nervis tertiariis transversis

arcuato-conjunctis, nervulis e nervo medio et e nervis secimdanis sub angulo recto emissis,

inter se parallelis, reticulo minuto.

Scbimp. PaL Y% n, p. 950. n. 19 (1872).

Eocene ; Bornstadt near Eisleben, Saxony, about N. Lat. 51|°.

Leaf nearly 3 in. long by ratber more tban 1 in. wide, rounded at botb ends.

24. DiOSPTROS Parthexox, Ung. Syll. PI. Foss., pug. iii., in Denkscbrift. Kais.

Akad. Wissenscb. Matb.-Naturw. xxv. p. 29. t. IX. f. 8 (1866).

D. foliis ovato-acuminatis basi subcordatis integerrim,is membranaceis longe petiolatis,

nervo primario valido, nervis secundariis crebris tenuibus subpatentibus apice diviso anasto-

mosatis.

Scbimper, Pal. V^g. ii. p. 948. n. 13 (1872).

Miocene ; lignite at Wetterau, Germany.

Leaf 4 in. long by 1^ in. wide
;
petiole i| in. long. Tbe long petiole associated witb a

subcordate leaf-base is not suggestive of Ebenacese."oo"

25. Diosfyros obliqua, Ung. Syll. Pi. Foss., pug. iii. in Denkscbrift. Kais. Akad.

Wissenscb. Matb.-Naturw. XXV. p. 29. t. ix. fig. 17, 17* (1866).

D. calyce quinquelobo deciduo minimo patente, laciniis e basi lata angustatis lineanbiis

obtusis.

36—2
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Schimper, Pal. Ve'g. ii. p. 951. n. 23 (1872).

In marly schist, Radoboj, Croatia.

Calyx about i in. in diameter ; lobes about ^ in. long. Like Royena Myosotis, Ung., but

caljrx-lobes narrower. Cf. Parana.

26. Ebenacites rugosus, Sap. in Sap. et Math. Exam. Anal. Fl. Tert. Provence,

p. 31 (1861).

E. foliis (?) ovatis, petiolatis, integerrimis ; nervis secundanis curvatis, nervis tertiariis

sinuosis transversim reticulatis ; florihus unisexxmlihus ; calyce o-lobo lobis incequalihus, extus

rugoso-sulcatis, intus Icevibus, cestivatione imbricatis ; masculorum corolla erectd breviter

urceolatd calycibus breviore ; feviinorum segmentis calycinis pnmum erectis, ovarium 2—3-

stylum foventibus, demum patentibus, indurato-persistentibus, baccam globosam ipsis breviorem

stipantibus.

Diospyros rugosa, Sap. in Ann. Sc. Nat. .ser. iv. vol. xvii. p. 264. t. xi. f. 3. A, B,

C, D, E, F. (18G2) ; Schimp. Pal. Ve'g. ir. p. 946. n. 7. (1872).

Tertiary ; beds of gypsum at Aix, S.E. France, common.

The styles are not Ebenaceous in character. Male flower | in. diameter, calyx and

corolla lobed half way, lobes ovate ; female flower \ in. thick, calyx deeply lobed, lobes

ovate acuminate, styles i in. long.

27. Diospyros Zollikoferi, Ung. SylL PL Foss., pug. iii., in Denkschrift. Kais. Akad.

XXV. p. 27. t. ix. f. 6 (1866).

D. seminibus ovoideis, compressis, distinctis, numero octo in orbem dispositis—residuis

fructus baccati globularis.

Schimp. Pal. Veg. ii. p. 951. n. 21. (1872).

Miocene ; Hengsberg, Styria.

Seeds ^5—I in. long by |—j^^r in. wide.

IV. Key to the Fossil Species of Macreightia.

Peduncles not thickened upwards

Leaves 1§—2J iu. long by ^—X in. wide. 1. M. germanica.

Leaves more than 3 in. long by IJ in. wide. 2. M. microcalyx.

Peduncles thickened upwards.

Calyx-lobes ovate-acuminate-. 3. M. longipes.

Calyx-lobes ovate or cuneiform, obtuse 4. M. miuizenbergensis.

1. Macreightia germanica, Heer, Fl. Tort. Helvct. iii. p. 13. t. ciii. fig. 1, 2 (1859).

M. foliis late-lanceolatis acmninatis in petiolnm mediocrem attemtatis integemmis vel

margine incequali passim denticulatis coi-iaceies, nei'vo medio 7vbusto, nervis secundariis e
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nervo priviario sub angulo acuto egredientibus subsimplicibus rectis parallelis ; calyce firmo

pedunculato tripartito, lob is basi ovato-acuminatis nervosis ; baccd rotundd calyce basi cinctd.

Ettingsh. Foss. Fl. Bilin, p. 23-i. (1868); Schimp. Pal. Veg. ii. 953. n. 1 (1872);

Ung. Svll. PI. Foss., pug. iii. p. 26. t. viii. fig. 12, 13 (1866).

Celastrus europceus, Ung. Gen. et Sp. PI. Foss. p. 4.59 (18.50), Syll. PI. Foss., pug. ii.

p. 10. t. ii. fig. 10—15 (1864).

Tertiary ; Parschlug, Styria ; Croatia ; Oeningen, &c.

Calyx only like Macreightia (Maba) in being trimerous ; if the leaves are sometimes

denticulate as stated, the plant cannot belong to Ebenacese. In Celastrus europceus the

leaves measure If—2J in. long by 4

—

-^ in. wide
;

petioles about J in. long.

2. Macreightia microcaltx, Ettingsh. Foss. Fl. v. Bilin in Denkschrift. Akad. Wissensch.

Math.-Naturw. xxviii. p. 234. t. xxxi.^. f. 2

—

5. n. 2 (1868).

M. foliis lanceolo-oblongis, basi angustatis, obtusis, apicem versus angustatis, margine

integeri-imis, nervis secundariis camptodromis, nervo primario valido, nervis tertiariis obsoletis

;

calyce submembranaceo, pedunculato, tripartito, extus ptiloso, lobis ovato-acutis, basi latis, apice

breviter cuspidatis, nervoso-stnatis ; baccd rotundd, calyds basi cinctd.

Schimper, Pal. Veg. ii. p. 953. n. 2 (1872).

Miocene ; Kutschlin, Bohemia.

Leaf IJ in. wide by more than 3 in. long. Calyx J—^ in. long; perhaps a fourth

lobe at the back of the impression is concealed by the front ones.

3. Macreightia longipes, Ettingsh. Beitr. z. Kenntn. d. Tertfl. Steierm. p. 58. t. iv.

f. 10, 11.

JL calyce longe peduncidato, pedunculo sursum sensim incrassato, lobis ovato-acuminatis,

acutis.

Schimp. Pal. Veg. II. p. 954. n. 3 (1872).

Lignite at Leoben, Styria, Austria.

4. Macreightia -viunzenbergexsis, Ettingsh. Foss. Fl. d. alt. Braunk. d. Wetterau, p. 5.9.

J/, calyce tripartito lobis ovatis vel cuneiformibus, obtusis, nervosis.

Schimp. Pal. Veg. II. p. 954. n. 4 (1872).

Uydrocharis ovata, Ludw. Palseontogr. in Mey. Beitr. Naturg. Vorw. viii. t. xxiv. f. 6

(1860).

Tertiary ; sandstone at Miinzenberg, Darmstatlt, S.W. Germany.

Calyx (?)-lobes *—f in. long. As much like a calyx of Barringtonia or a split fruit

of Viola as Maba. Peduncles thickened upwards.

The following names of fossil species have been published apparently without descriptions

or with extremely meagre ones.
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Diospyros laurina, Massal. Syllab. PI. Foss, Tert. Venet. p. 77 (1859).

Macreightia italica, Massal. I. c.

Macreightia ? umbellata, Massal. I. c.

Diospyros discreta, Saporta, Veg. Sud-Est France, Ep. Tert. in Ann. Sc. Nat., ser. v.

vol. XV. p. 321 (1872).

Diospyros ambigua, Saporta, I. c, non Vent.

Diospyros rhodendrifolia, Saporta, I. c.

Diospyros corrugata, Saporta, I. c.

Diospyros styracifolia, Saporta, I. c. p. 333; D. tyracifolia, Sap. in. Bull. Soc. Geol.

France, XXV. p. 895 (1868).

Diospyros raminervis, Saporta, I. c. p. 333 ; in Bull. Soc. Gdol. France, xxv. p. 895 (1868).

Diospyros Scheuzeri, A. Br. ex Ung. Pflanzenwelt, p. 233 (1851), is Lahatia Scheuzeri,

A. Br. ex Stiebler, Synops. Pflanz. Vorwelt, I. p. 147 (1861).



ADDITIONS AND COREECTIONS.

During the time that the previous sheets have taken in passing through the press

numerous new specimens of Ebenaces have reached this country and been presented to

my notice, containing indeed several new species and affording additional matter for the

more complete knowledge of old ones. So far as circumstances allowed, I have incorporated

the additional matter in its proper place, and such information as was not sufficiently

early for that purpose, I now add at the end : I also take the same opportunity of coiTecting

the misprints, mistakes, and omissions that have been noticed, and of making any shght

additions that further research has rendered desirable. The estimate given on page 61 for

the number of recent species in the family and in the genera Maha and Diospyros will

require a slight increase in each case ; thus the whole Natural Order contains more than

260 recent species, of which about 100 are new or not previously described; and if the

fossils are included the whole number will be at least 300.

P. 27, 1. 10. For Ilicini^ read IlicinKiE.

P. 28, 1. 5 from bottom. For Beriolini read Bertoloni.

P. 30, 1. 11. For Paralia read Paralea.

„ 1. 27. For Blum, read Blanco.

P. 33, 1. 4. Add, Java, Sumatra and Borneo.

„ 1. 18. Strike out Java (?).

P. 37, 1. 10. Strike out Mart.

„ 1. 18, 2-t, 33. For caprsefolia read capreaefoKa.

P. 40, 1. 19. For 4117. Diospyros sylvatica, Roxb. read 4117. Diospyros sylvatica, Wall.

1. 24. For Roxb. read Wall.

P. 41. Insert, among the numbers of Hb. Griffith and Helfer, 3620. Diospyros Horsfieldii.

P. 44, 1. 7. For Heudelotii read Heudelotii.
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P. 4-t. Insert

No. 1899.

1422.

1423.

1429.

1550.

1560.

1600.

1670.

17.S7.

1822.

1837.

1892.

1948.

1949.

1973.

P. 44, 1. 20.

Beccari. 1865—1868.

Borneo, District Sarawak.

Maba punctata.

Diospyros coriacea.

Maba punctata.

Maba (?) cordata.

Maba Maingayi.

Diospyros graciliflora.

Diospyros lateralis.

Maba merguensis.

Diospyros pergamena.

Maba Teijsmanni.

Maba(?) cordata.

Diospyros discolor, Willd.

Maba Beccarii.

Diospyros (sp.).

Diospyros buxifolia.

For 1854 read 1852.

0. 2285.
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ISCl. DiospjTos polyandra, Spruce in Journ. Proc. Linn. Soc. Lond. V. p. 7. S. America.

18G1. Macreightia myristicoides, Spruce in Journ. Proc. Linn. Soc. Lond. V. p. 8. S. America.

„ 1. G from bottom. For Island read Islands.

P. 76, insert 1865. Diospyros obscura, Sap. Etud. ii. p. 283 in Ann. Sc. Nat. ser. v. vol. iv.

p. 188. S.E. France.

P. 77, inseii, 1868. Diospyros palajogisa, Ettingsh. Foss. FI. Bilin in Denkschrift. Akad. Kais.

Wissensch. Math.—Naturw. xx^^II. p. 233. t. xxxviii. fig. 24—26, 32. Bohemia.

1868. Diospyi-QS bilinica, Ettingsh. Foss. Fl. Bilin in Denkschrift. Akad. Kais. Wissensch.

Math.—Naturw. xxvill. p. 233. t. xxxix. fig. 17, 18. Bohemia.

1868. Diospyros paradisiaca, Ettingsh. Foss. Fl. Bilin in Denkschrift. Akad. Kais.

Wissensch. Math. Naturw. xxviii. p. 234. t. xxxviii. fig. 29—31, 34. Bohemia.

1868. Macreightia microcalyx, Ettingsh. Foss. Fl. Bilin in Denkschrift. Akad. Kais.

Wissensch. Math.—Naturw. xxviii. p. 234. t. xxxix. f. 2—5.

1868. Diospyros greeca, Saporta in Bull. Soc. G^ol. France xxv. p. 321. S.E.France.

1868. Diospyros styracifolia, Saporta in Bull. Soc. G^ol. France xxv. p. 895. S. E. France.

1868. Diospyros raminervis, Saporta in Boll. Soc. Gi^ol. France xxv. p. 895. S. E. France.

1SG9. Diospyros oblongifolia, Heer Braunk. v. Bomstadt in Abh. Nat. Gesell. Halle,

XI. Bd. p. 17. t. III. fig. 9. Saxony.

1869. DiospjTos stenosepala, Heer Fl. Foss. Alaskana in Kongl. Sveuska Vetenskaps

—

Akad. Handl., Ny Fijljd, viil. p. 35. t. viii. fig. 7, 8. N. America.

Macreightia longipes, Ettingsh. Beitr. z. Kenntn. d. Steierm. p. 58. t. IV. fig. 10,

11, ex Schimp. Pal. V^g. ii. p. 954 (1872). Austria.

Macreightia miinzenbergensis, Ettingsh. Foss. Fl. d. alt. Braunk. d. Wetterau,

p. 59, ex Schimp. Pal Yeg. il. p. 954 (1872). Germany.

Diospyros primseva, Heer Phyll. Cr^t du Nebraska, p. 19. t. i. fig. 6, 7.

N. America.

1872. DiospjTOs bohemica, Schimp. Tr. Pal. Vdg. II. p. 945. n. 3. Bohemia.

1872. Diospyros alaskana, Schimp. Tr. Pal. Veg. II. p. 949. n. 17. N. America.

1872. Diospyros Roxburghi, Carriere in Revue Horticole, p. 253. N.E. India.

1872. Diospyros discreta, Saporta in Ann. Sc. Nat., ser. v. vol. xv. p. 321 {sine

descriptione) . S.E. France.

1872. Diospyros rhododendrifolia, Saporta in Ann. Sc. Nat., ser. v. vol. xv. p. 321

{sine descriptione). S.E. France.

1872. Diospyros corrugata, Saporta in Ann. Sc. Nat., ser. v. vol. xv. p. 321 {sine

descriptione). S.E. France.

P. 92, 1. 7. For Stamens 16—17 read Stamens 16—22.

P. 94, 1. 25. For Stamens 16—17 read 16—22.

PP. 95, 96. Eudea rigida, E. Mey. must be removed from E. pseudehenus, E. iley. to

E. lancea, Thunb.

P. 99, 1. 3 from bottom. For Stamens 16 read Stamens 12—16.

P. 100. To the localities for Euclea divinorum add Basuta country, T. Baines

!

„ Add as a synon\Tu of EucLEA multiflora

Diospyros (Sp.), Salt, Voyage Abyss, p. 14 (1814)

;
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And among the localities for this species, add Sofala Bay, Mozambique, 19 August,

1809, Salt!

P. 103, 1. 10 from bottom. For (1847) read (1851).

P. 104, 1. 13. After Fruit insert edible.

P. 106. To EucLEA UNDULATA, Thunb. add Wooded chasms, Swellendam, a tree, Lichtenstein

;

Basuta countr}-, " Tolangoola," T. Baines !. According to Thunberg, the berries when

bruised and fermented yield a vinegar.

P. 107, last line. After pilose insert except M. (?) cordata.

P. 141. In the character of Maba COEDATA insert

floribus masculis tubulosis, 5-meris, lobis lanceolatis, calyce partita, staminibus 12, glahris,

inwqualibus.

And in the description insert

S . Flowers tubular, f in. long, pentamerous. Calyx J in. long, partite ; lobes narrowly

lanceolate, glabrous inside. Corolla-tube equalling the calyx, pubescent outside above;

lobes I in. long, oval-lanceolate, subacute, puberulous outside, glabrous inside. Stamens

12, unequal, glabrous, inserted on the receptacle ; anthers apiculate ; filaments unequal, more

or less combined at base. Ovary 0. Pedicels I in. long ; bracts caducous, unequal. Borneo,

0. Beccari! n. 1837.

P. 142, 1. 16. For MSS. read in Journ. Proc. Linn. Soc. Lond. V. p. 8 (18G1).

P. 144. At the end of the descriptions of the species of Maba insert

Excluded Species of Maba.

Maba Cargillia, F. Muell. Fragm. v. p. 162 (1866) = Diospyros Cargillia, F. Muell.

Maba pentamera, F. Muell. Fragm. v. p. 163 (ISQG) = Diospyi-os pentamera, Woolls et

F. Muell.

Mala quadridentata, F. Muell. Fragm. V. p. 162 (1866) = J>ws;)yros mabacea, F. Muell.

P. 144, 1. 2 from bottom. Add non Solander ex Lowe Man. Fl. Madeira vol. II. p. 34 (1872).

P. 1.51, 1. 11. For glabrous read subglabrous.

P. 159, 1. 19. Prefix the reference Kern. Hort. Semperv. t. 64.

P. 161, 1. 16. Add ; non Wall.

P. 197, 1. 1. For Golunto read Golungo.

P. 201, 1. 7 from bottom. Add ; non Hort.

P. 218, 1. 9. After Bat. insert II.

P. 221, 1. 17. Add D. dioica, Spanoghe in Hook. Comp. Bot. Mag. I. p. 348 (183-')).

P. 222. Among the localities for DiosPYROS MONTANA, Roxb., insert

Pegu, Kurz! 3008, 3009.

P. 225. At end of synonymy of Diospyhos VIROINIANA, Linn., add

D. stricta, Hort. ex Loud. Encycl. I.e., non Roxb.

D. digyna, Hort. ex Loud. Encycl. I.e., non Jacq.

P. 240, 1. 4 from bottom. Add non Heer.

P. 244. To the synonymy of Diospyros Eisenaster Retz, add Cfr. Lolin, Valeutyn, Oost-Ind.

Deel III. Stuk i. p. 223. t. LXiv (1726).

P. 286, 1. 7. For rhodeudrifolia read rhododcndrifolia.
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The lumbers on the right-hand of the names denote the pagei on which the names severally occur; the Numbers

on the left-hand, in the case of adopted specific names of recent species, denote the number of the species

under its genus.

Aberia tristis, Sond., 90.

^Jicidium (sp.), 86.

Amuxis (§), 146, 156.

Atuiona microcarpa, Jacq., G8, 144, 246.

Anona Lignitum, XJng., 73, 278.

„ macropliylla, Ung., 277, 288.

AnonacesB, 62, 63, 271, tab. i.

Ajbutus (sp.), Linn., 78, 83.

„ diospyrifolius, Massal., 74, 279.

Barberia (§) 107, 110.

Barringtonia, Forst., 285.

Bicoi-nes, Giseke, 57.

Bignoniacese, 28.

Bixinese, 63, tab. i.

Bocagea elliptica, Hook. f. et Tboms., 270.

Borraginites myosotiflorus, Ludw., 280.

Brachycheila pubescens, Harv., 73, 90, 93.

Bracbynema ramiflorum, Benth., 65, 75.

Buxus (sp.), Linu., 78, 88.

,, sempervirens, Linu., 231.

Cargilia Auct. Cfr. Cargillia.

Cargillia, K. Br., 60, 64, 66, 144, 145, 146,

155.

,, arboiea, A. Ciinu., 239.

„ australis, E. Br., 56, 64, 68, 246.

laxa, R. Br., 56, 64, 68, 211.

„ mabacea, F. Muell., 76, 239.

„ maciocaipa, Vieill, 242.

„ maritima, Hassk., 73, 211.

„ megalocarpa, F. Muell., 76, 211.

„ pentamera, Woolls et F. Muell., 76,

239.

Carpodinus edulis, G. Don, 271.

Carpophaga raagnifica, Selby, 240.

Casasia calojAylla, Rich., 126.

38

17

Cassia phaseolites. Hear, 75, 274.

Cavanilla, Auct. Cfr. Cavanillea.

Cavanillea, Desrouss., 144, 146, 156.

„ Mabolo, Lam., 69, 260.

„ philippensis, Desr., 67, 260.

Celastrineje, 63, tab. i.

Celastrus, L., 274.

„ crispus, Thunb., 69, 90, 99.

„ europffius, Ung., 73, 285.

Chailletiacese, 63, tab. i.

Ccnvolvulacese, 63, tab. i,

Cordia, Plum., 96.

Cunalon, Blanco, 197.

Cunalonia (§), 146, 150.

Dactylus trapezuntinus, Forsk., 67, 144, 224.

Danzleria (§), 146, 153.

„ axillai-is, Bert., 72, 145, 231.

Diclidanthera, Mart., 27.

Diospiros, Auct. Cfr. Diospyroa.

Diospyracese, Voigt, 57.

Diospyreje, 57.

Diospyri, Tratt., 57.

Diospyi-os, Linn., 30, 32, 58, 59, 60, 61, 63, 64,

65, 66, 107, 144, 165, 184, 264, 270,

272, 273, 276, 280, 287, 288, tab. i.

„ acapulcensis, Kunth, 69, 128, 270.

„ acuminata. Wall., 40, 70, 270.

„ acuta, Thw., 33, 41, 75, 149, 182.

affinis, Thw., 33, 41, 75, 147, 169.

„ alaskana, Schimp., 276, 278, 280,

289.

„ albens, Presl, 70, 127, 270.

„ ambigua. Sap., 286.

„ ambigua. Vent., 67, 86, 270.

„ amoeua. Wall., 40, 70, 213.

„ amplexicaulis, Lindl. et Paxt., 74, 1 79.
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32

169

44

152

144

56

37

76

45

25

72

166

90

58

24

41

13

92

Diospyros anceps, Heer, 75, 276, 277, 280.

„ angulata, Poir., 68, 178.

„ angustifolia, Lodd., 70, 225.

„ anonsfifolia, Alpli. DC, 38, 72, 148,

179.

„ apeibacarpo.s, Radd., 37, 60, 69, 269.

„ apiculata, Hiern, 33, 42, 149, 18G.

„ argentea, Griff., 34, 41, 42, 74, 156,

265.

„ Arnottiana, Miq., 76, 171.

„ artantliaefolia, Mart., 37, 53, 74, 155,

255.

„ assimilis, Bedd., 76, 208.

„ asterocalyx, Hiern, 150, 193, 288.

j, ati-ata (var.), 259.

attenuata, Thw., 33, 41, 75, 149, 182.

,, aurea, Teijsm. et Binn., 34, 54, 74,

151, 206.

Auricula, Ung., 73, 276, 280, 283.

„ auriculata, Stiehl., 280.

„ auriculata, Wight, 42, 188.

„ australis, 30, 31, 36, 46, 54, 246.

Barteri, Hieru, 35, 43, 149, 187.

,, batocana, Hieni, 31, 35, 148, 174.

„ Beccarii, Hiern, 151, 204, 288.

Bernieri, Hiern, 38, 50, 268.

Berteiii, Alph. DC, 72, 127, 270.

„ bicolor, Kl., 75, 165.

„ biflora, Blanco, 34, 70, 152, 217.

„ bilinica, Ettingsh., 276, 283, 289.

Blancoi, Alph. DC, 73, 261.

,, lx)hemica, Scbimp., 283, 289.

Boivini, Hiern, 38, 150, 194.

,, borneensis, Hiem, 33, 55, 148, 173.

Boutoniana, Alph. DC, 72, 178.

brachysppala, A. Br., 73, 272, 276,

279, 282.

„ bracteata, Ro.xb., 69, 221.

„ Brandisiana, Kiu'z, 33, 77, 149, 184.

,, brasiliensis, Mai-t., 51, 74, 244.

„ bunuanica, Kurz, 34, 77, 147, 166.

„ buxifolia, Hiera, 34, 42, 55, 152, 218,

288.

„ calophylla, Hiern, 38, 50, 147, 156.

„ calycina, Audib., 71, 225.

„ calycina, Bedd., 188.

„ canarica, Bedd., 77, 164, 165.

Candolleana, Wight, 41, 73, 164.

„ Canomoi, Alph. DC, 73, 216.

Diospyros capensis, Alph. DC, 72, 178, 179.

„ capitulata, Wight, 73, 233.

142 „ capresefolia, Mart., 37, 51, 155, 254,

287, 288.

128 „ Cai-gillia,r. Mnell., 77, 155, 246, 290.

,, caroliniana, Muhl., 69, 225.

63 „ Carthei, Hiern, 33, 151, 198.

110 „ cauliflora,Blume, 34, 58,69, 154, 234.

„ cauliflora, Mali,., 142, 270.

105 „ cayeuneusis, Alph. DC, 37, 72, 153,

231.

„ cerasifoUa, D. Don, 69, 270.

103 „ chartacea. Wall., 34, 40, 70, 153, 230.

„ chiuensis, Blume, 69, 227.

108 „ chloroxylon, Roxb., 30, 34, 40, 41,

42, 64, 67, 153, 2.33.

34 „ chrysophyllos, Poir., 38, 53, 68, 148,

177, 180.

99 „ ciliata, Alph. DC, 36, 153, 223.

,, ciliata, Rafin., 70, 225.

„ citrifolia. Wall., 72, 258.

137 ,, coccolobasfolia. Mart., 37, 51, 53, 74,

155, 251.

„ Commersoni, Gaertn. fil., 68, 179.

96 „ comorensis, Hiem, 38, 153, 220.

,, concolor, Moench, 67, 225.

„ condn])licata, Kunth, 69, 127, 270.

corditblia, Roxb., 40, 41, 54, 67, 221,

222.

149 „ coriacea, Hiem, 156, 259, 288.

corrugata. Sap., 286, 289.

costata. Can-., 77, 227, 228, fig. p. 229.

150 „ crassiflora, Hiern, 35, 156, 260.

18 „ crumenata, Thw., 33, 41, 75, 147, 169.

61 „ Cnnalon, Alph. DC, 30, 34, 60, 73,

150, 197.

168 „ cuneifolia, Hb. Deloss.. 36, 268.

„ cupulosa, F. Muell., 77, 114, 270.

161 „ cystopus, Miq., 34, 75, 266.

71 „ dasyphylla, Kurz, 33, 77, 151, 203.

„ decandra, Boj., 244.

6 „ decandra. Lour., 31, 33, 65, 67, 147,

160, 265.

60 „ Dcndo, Welw., 29, 35, 48, 60, 150,

195, tab. X.

20 „ dcnsiflora. Wall., 33, 40, 70, 147, 171.

55 „ dictyonoura, Hiern, 150, 192, 288.

112 „ Di.'pcnhorstii, Miq., 34, 58, 60, 75,

145, 154, 235.
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151

156

125

78

9

146

148

69

74

47

19

40

86

134

Diospyros digj-na, Hort., 290.

„ dig3raa, Jacq., 67, 244.

„ dioica. Span., 70, 290.

discolor, Willd., 29, 34, 37, 40, 42,

46, 54, 59, 68, 156, 260, 288.

„ discreta. Sap., 286, 289.

,, dodecandra. Lour., 34, 60, 67, 264.

„ dubia, Goepp., 276, 281.

dubia. Wall, 40, 70, 159, 160.

„ dulcis {var.), 226.

„ Ebenaster, Retz., 29, 30, 31, 34, 36,

37, 42, 50, 67, 154, 179, 244, 290.

„ Ebenaster, Spach, 208.

„ Ebenura, Koen., 29, 34, 38, 40, 41,

42, 56, 59, 67, 151, 208, 209, 245.

„ Ebenum, Poir., 176.

„ ebenu.s, Auct. Cfr. J). Ebenum.

„ edulis, Lodd., 69, 244.

„ ebretioides. Wall., 33, 40, 70, 147,

162, 163.

„ emarginata, Hiern, 37, 52, 156, 256,

t. XI.

,, enibriopteris, Blanco, 261.

„ Embryopteris, Boj., 261.

„ Embryopteris, Pers., 29, 30, 31, 34,

40, 41, 42, 43, 53, 54, 55, 68, 156,

257.

„ eriantba. Champ., 31, 33, 52, 74,

151, 202.

„ exculpta, Hamilt., 69, 158.

„ exsculpta, Auct., 158. Cfr. D. ex-

culpta, Hamilt.

„ fasciculosa, F. Muell., 77, 135, 270.

„ femiuina, Hamilt., 73, 270.

„ ferrugiuea, Spltgbr., 73, 240.

fertilis, Lodd., 70, 225.

flavioans, Hiern, 34, 40, 41, 42, 59,

151, 205.

foliolosa. Wall., 30, 33, 40, 70, 150,

188.

„ frondosa. Wall., 40, 70, 270.

,, frutescens, Bhime, 34, 55, 69, 134,

147, 170.

„ frutescens, Hassk., 193.

fuliginea, Hiern, 149, 184, 288.

Gardneri, Tlnv., 29, 34, 41, 53, 75,

152, 214.

,,
gaultheriajfolia. Mart., 37, 53, 74,

155, 250.

Diospyros geminata, F. Muell., 77, 119, 270.

glaberrima, Rottb., 67, 208.

glabra {var.), Alph. DC, 224.

„ glauca, Rottl, 34, 67, 233.

141 „ glomerata. Spruce, 37, 52, 155, 254,

288.

„ glutinifera. Wall, 69, 258.

„ glutinosa, Roxb., 69, 258.

Goiudu, Dalz., 74, 221, 222.

133 „ Goudotii, Hiern, 37, 54, 155, 249.

53 „ graciliflora, Hiern, 150, 191, 288.

52 „ gracUipes, Hiem, 38, 50, 59, 150, 191.

„ grfeca, Sap., 274, 289.

„ grandifolia. Wall, 73, 270.

154 „ grata, WaU., 34, 40, 70, 264.

„ guiacana, Rob., 68, 225.

„ hieringiana, Ettingsh., 74, 273, 276,

282.

23 „ halesioides, Griseb., 37, 52, 76, 148,

173.

29 „ haplostylis, Boiv., 29, 38, 50, 148,

177, 288.

158 „ Hasseltii, Zoll., 35, 74, 265.

,, hebecarpa, A. Cunn., 36, 54, 56, 77,

209.

„ Hebenaster, Gaertn., 179, 244.

heteropbylla. Wall., 40, 70, 221, 222,

242.

87 „ Heudelotii, Hiern, 35, 44, 152, 215,

287, tab. V. fig. 2.

„ hexasperma, Hasselt, 73, 123, 270.

hirsuta, Desf., 83, 270.

11 . „ bii-suta, Linn, fil., 29, 33, 41, 42, 43,

67, 147, 163, 164, 165, 166.

132 „ hispida, Alpb. DC, 37, 49, 51, 72,

155, 249.

57 „ Horsfieldii, Hiern, 33, 54, 150, 193,

287.

humUis, F. Muell., 77, 120, 270.

,, incerta, Massal., 75, 276, 278.

„ incisa, Hamilt., 69, 263.

„ inconstans, Jacq., 66, 127, 270.

„ insculpta, Hamilt., 69, 158, 159.

2 „ insignis,Thw., 29,33,41,75,147,157.

„ intermedia, Hort., 71, 225, 226.

„ japonica, Sieb. et Zucc, 54, 73, 224.

„ Kaki, Blanco, 261.

102 „ Kaki, Linn, fil., 30, 31, 34, 41, 52, 54,

67, 153, 227, 228, fig. p. 229, 230.
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65 DiospvTos Kirkii, Hiem, 31, 35, 151, 199.

16 „ Korthalsiana, Hiem, 33, 147, 168.

159 „ KuHii, Zoll., 35, 74, 265.

8 „ Kurzii, Hiern, 33, 65, 147, 162.

106 „ l!e-i-is, Boj., 38, 72, 153, 232, 268.

85 „ lancerefolia, Roxb., 30, 34, 41, 68,

152, 213, 264.

„ lanceolata, Poir., 68, 131, 270.

„ lanceolata, Schimp., 278.

lanceolata. Wall., 40, 263.

„ lancifolia, A. Br., 74, 279.

„ lancifolia, Lesq., 278.

„ langifolia, Stiz., 279.

14 „ lateralis, Hiem, 147, 167, 288.

„ latifolia, Scbimp., 279.

„ laurifolia, A. Rich., 37, 74, 244.

„ laurina, Massal., 75, 286.

,, laxa, Teijsm. et Binn., 74, 172.

165 „ leucocalyx, Hiem, 38, 54, 267.

33 „ leucomelas, Poir., 30, 38, 50, 68, 148,

179.

„ Lignitum, Ung., 76, 276, 278.

lobata, Lour., 67, 227, 228.

„ longifolia, Heer, 74, 279.

longifolia, Spruce, 240, 241, 288.

„ lotoides, Ung., 76, 276, 280.

„ Lotus, Blanco, 216.

„ Lotus, Linn., 30, 31, 41, 52, 54, 66,

153, 223, 226. 228, 230, 272.

„ Lotus, Lour., 195.

„ Loureiriana, G. Don, 35, 44, 48, 63,

70, 150, 194.

Loveni, Heer, 77, 276, 277.

lucida, Hort., 225.

lucida. Wall., 40, 70, 164.

lycioides, Desf., 68, 85, 270.

118 „ mabacea, F. Muell., 36, 77, 154, 239,

290.

„ Mabola, Roxb., 69, 260.

Mabolo, Wall., 70.

„ macrocalyx, Alph. DC, 72, 178.

„ macrocalyx, Kl., 195.

122 „ macrocarpa, Hiern, 38, 56, 154, 242.

„ macrocarpa, Korth., 168.

115 „ macrophylla, Blume, 34, 69, 154, 237.

macrophylla, Wall., 40, 216.

„ malabarica, Kostel., 70, 258.

129 „ Malacapai, Alph. DC, 30, 33, 73,

155, 247.

100

59

143 Diospyros Mannii, Hiem, 35, 44, 155, 255.

82 „ maritima, Blume, 34, 36, 52, 54, 55,

64, 69, 152, 211.

„ mauritiana, Alph. DC, 72, 178.

„ megalocai-pa, F. Muell., 77, 211.

„ melanida, Neraud, 179.

30 „ melanida, Poii-., 38, 50, 68, 148, 177,

179.

„ melanida, Sieber, 261.

,, melanoxylon, Blume, 172.

„ melanoxylon, Hassk., Ettingsh., 258.

5 „ melanoxylon, Roxb., 29, 31, 33, 41,

42, 43, 67, 147, 159, 160, 161.

„ melanoxylon, WUld., 208.

„ membranacea, Alph. DC, 72, 244.

12 „ mespiliformis, Hochst., 29, 31, 35,

43, 44, 48, 71, 147, 165, 267.

„ mexicana, Scbeele, 238.

„ microcarpa, Sieb., 224, (var.) 226.

„ microcarpa, Span., 35, 70, 270.

„ microphyUa, Bedd., 77, 218.

46 „ microrhombus, Hieru, 29, 38, 150,

187.

mollis, Wall., 30, 40, 71, 162.

„ moutana, Heyne, 159.

97 „ montana, Roxb., 29, 34, 36, 40, 41,

42, 43, 67, 153, 220, 222, 290.

„ Moonii, Thw., 41, 75, 164.

94 „ Morrisiana, Hance, 31, 52, 74, 153,

219.

89 „ multiflora, Blanco, 30, 34, 57, 152,

216.

multiflora. Wall., 40, 70, 213.

„ Myosotis, Ung., 73, 274.

„ Myosotis, Web., 278.

„ myrmecocarpus. Mart., 74, 141, 270.

„ NeniuiUi, Alph. DC, 72, 178.

„ nervosa {var.), 259.

„ nigi-a, Blanco, 73, 244.

„ nigricans, Dalz., 208.

77 „ nigricans, Wall., 34, 40, 41, 70, 151,

207.

„ nilagirica, Bedd., 77, 164.

31 „ nodo.sa, Poir., 38, 53, 68, 148, 178,

179.

„ obliqua, Ung., 76, 277, 283.

,, oblonga, G. Don, 270.

124 „ oblonga, Wall., 34, 40, 42, 69, 154,

243.
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Diospyros oblongifolia, Heer, 276, 283, 289.

„ obovata, Jacq., 67, 197.

„ olwvata, Wight, 42, 270.

„ obscura. Sap., 276, 281, 289.

„ obtusifolia, Bert., 127, 270.

„ obtusifolia, Humb. et BonpL, 68, 244.

„ ocanensLs (var.), 253.

,,
octandra, Hiern, 33, 41, 167.

73 „ oleifolia, Wall., 34, 40, 70, 151, 204.

127 „ Olen, Hiern, 38, 55, 154, 246.

„ oligandra, Bedd., 77, 164.

21 „ oocarpa, Thw., 33, 41, 60, 75, 145,

148, 171.

3 „ oppositifolia, Thw., 30, 33, 41, 75,

147, 157.

155 „ orixeusis, Hb. Wight, 35, 42, 264.

„ orixensis, Klein, OS, 161.

116 „ ovalifoliii, Wight, 34, 41, 42, 73, 154,

237.

131 „ ovalis, Hiern, 37, 53, 155, 248.

„ palwogaja, Ettingsh., 276, 281, 289.

51 ,,
paniculata, Dalz., 33, 43, 74, 150,

190, 263.

„ pannonica, Ettingsh., 74, 276, 282.

„ jiaradisiaca, Ettingsh., 276, 279, 289.

120 „ Paralea, Steud., 30, 37, 52, 53, 71,

154, 240, 241, 287.

„ Parthenon, Ung., 76, 276, 283.

91 „ parvifolia, Hiern, 38, 152, 217.

138 „ Pearcei, Hiern, 155, 252.

79 „ pellucida, Hiern, 34, 57, 151, 209.

pellucido-jmuctata (var.), 231.

114 „ pendula, Hasselt, 34, 73, 154, 236.

160 „ iMjnduliflora, Zoll., 35, 74, 266.

119 „ pentamera, Woolls et F. Muell., 30,

36, 54, 77, 154, 239, 290.

123 „ perforatii, Hiern, 34, 154, 243.

109 „ pergamena, Hiern, 154, 234, 288.

„ Persimon, Wikstr., 70, 225.

139 „ peruviana, Hiern, 52, 53, 155, 253.

54 „ Pervillei, Hiern, 38, 50, 150, 192.

83 „ philippinensis, Alph. DC, 34. 67, 72,

152, 212.

„ phyllomegas, Steud., 71, 237,

157 „ pilosa, Alph. DC, 30, 35, 72, 106,

265.

84 „ pilosanthera, Blanco, 30, 35, 70, 152,

213.

48 „ pilosula, Wall., 33, 40, 70, 150, 188.

164 „ i)latycalyx, Hiern, 38, 50, 267.

162

26

111

163 Diospyros platyphylla, Welw., 35, 48, 59, 266.

67 „ plectosepala, Hiern, 151, 201, 288.

145 „ Poeppigiana, Alph. DC, 37, 52, 53,

72, 156, 256, 257.

64 „ polyalthioides, Korth., 33, 151, 198,

tab. VII.

136 „ polyandra, Spruce, 37, 52, 155, 251,

289.

„ priniiBva, Heer, 272, 276, 280, 289.

167 „ pruinosa, Hiern, 38, 59, 268.

43 „ prurieu.s, Dalz., 33, 41,43,74,149,185.

„ psidioides, Kuuth, 69, 127, 270.

„ pterocalyx, Boj., 70, 178.

„ pubesoens, Pers., 68, 83, 270.

., pubescens, Pursh, 225, 226.

„ punctata, Decaisne, 70, 221, 222.

„ punctata, Korth., 136, 271.

„ pyrrhocarpa, Miq., 35, 75, 266.

quKsita, Thw., 30, 33, 41, 75, 148,

157, 174.

„ racemosa, Roxb., 69, 263.

„ raiuiflora, Roxb., 29, 34, 40, 58, 69,

154, 235, 236.

„ raminei-vis. Sap., 286, 289.

„ reticulata, Decaisne, 209.

„ reticulata, Sieb., 179.

„ reticulata, Wall., 208.

„ reticulata, Willd., 68, 176.

„ revoluta, Poir., 68, 244.

„ rhodocalyx, Kurz, 34, 77, 154, 241.

„ rhododendrifolia. Sap., 286, 289, 290.

„ rigida, Hiern, 156, 257, 288.

„ rotundifiora, Hiern, 147, 163, 288.

„ rotundifolia, Hiern, 36, 46, 148, 181.

„ Roxburghi, Carr., 227, 228, 289.

„ Royena, Ung., 76, 276, 282.

„ Roylei, Auct, 159 = D. Roylii, Wall.

Eoylii, Wall., 40, 70, 159, IGO.

„ rubiginosa, Roth, 69, 159.

„ rubra, Gaertn. fil., 68, 177.

„ rugosa. Sap., 76, 284.

rugosula, R. Br., 56, 68, 221, 222.

„ rugu.sola, Alph. DC, 221.

„ salicifolia, Huuib. et Bonpl., 68, 128,

129, 271.

126 „ sanioensis, A. Gr., 30, 34, 46, 75,

154, 209, 245.

„ Sapota, Roxb., 40, 69, 244.

„ tapotanigra, DC, 69, 244.

75 „ sapotoides, Kui'z, 151, 206,

121

147

10

36
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Diospyros Scheuzeri, A. Br., 74, 286.

„ Schi-tse, Bunge, 70, 227.

„ senegalensL<s, Perr., 44, 72, 165.

35 „ senensis, Kl., 35, 43, 75, 148, 181.

sericea, Alph. DC, 51, 53, 72, 140,

269, 271.

,, sericocarpa, F. MueU., 77, 114, 271.

,, sen-ata, Hamilt., 69, 271.

„ speciosa, "Wood, 77, 158.

130 „ spinosa, Hiem, 37, 155, 247.

81 „ Spracei, Hiem, 37, 52, 152, 210,

tab. VIII.

Spmcei {var.), 253.

95 „ squamosa, Bqj., 38, 50, 72, 153, 220.

50 „ squanosa, Kl., 35, 75, 150, 190.

„ stenosepala, Heer, 276, 282, 289.

„ stricta, Hort., 290.

68 „ stricta, Eoxb., 33, 40, 41, 60, 68,

151, 201.

„ stp-acifolia. Sap., 286, 289.

42 „ subacuta, Hiem, 38, 149, 185.

49 ,, suberifolia, Decaisne, 150, 189.

135 „ subiotata, Hiem, 37, 49, 155, 250.

113 „ sumatrana, Miq., 34, 74, 154, 236.

7 „ svlvatica, Roxb., 29, 33, 41, 65, 67,

147, 161, 287.

„ sylvatica. Wall., 40, 221, 287.

Tallak {var.), 134.

28 „ tessellaria, Poir., 29, 31, 38, 68, 148,

175, 176, 177.

80 „ tetrandra, Hiem, 37, 152, 210,tab. VI.

„ tetrandra, Span., 71, 211.

62 „ tetrasperma, Sw., 37, 52, 53, 67,

151, 197.

117 „ texana, Scheele, 32,36, 51, 52, 73,

154, 238.

„ Teysmaniii, Miq., 75, 203.

107 „ Thouai-sii, Hiem, 38, 153, 232.

„ Thwaitesii, Bedd., 77, 164.

„ timoriana, Miq., 35, 74, 176, 209.

„ tomentosa, Poir., 68, 233, 242.

„ tomentosa, Roxb., 40, 158.

153 „ Toposia, Hamilt., 34, 41, 53, 59, 69,

145, 156, 263, 288.

27 „ toxicaria, Hiern, 30, 38, 44, 148, 175.

39 „ tricolor, Hiern, 35, 149, 183, tab. v.

fig. 1.

2l' „ truncata, Zoll. et Mor., 29, 33, 54.

55, 73, 148, 172.

104

70

66

15

93

101

140

170

98

Diospyros Tupru, Buch., 29, 31, 33, 68, 147,

158, 159.

,, tp'acifolia, Saporta, 286.

Umlovok, Griir., 73, 224.

undulata. Wall., 34, 40, 41, 42, 70,

152, 215.

„ vaccinifolia, Ettingsh., 230.

„ vaccinioides, Lindl., 31, 34, 40, 41,

52, 54, 55, 69, 153, 230.

„ varians. Sap., 76, 276, 281.

„ variegata, Kiirz, 34, 77, 151, 203, 223.

„ velutina, Hiem, 36, 37, 50, 51, 53,

54, 151, 200.

„ velutina (var), 221.

venosa. Wall., 40, 70, 270, 271.

,, vernalis (var.), 195.

„ verrucosa, Hiem, 35, 147, 167.

„ Vescoi, Hiern, 38, 152, 218.

„ vetusta, Giebel, 75, 276, 277.

virginiana, Linn., 30, 32, 52, 58, 66,

153, 223, 224, 228, 230, 290.

„ virginica, Auct. Cfr. D. virginiana.

„ virginica dulcis, 271.

Waldemarii, Kl., 75, 221, 222.

Weberi, Stielil. Cfr. D. Weberii.

„ Weberii, Massal., 75, 276, 278.

„ Weddellii, Hiern, 37, 51, 155, 253.

„ Wightiana, Wall., 40, 70, 159, 160.

Wodaui, Ung., 73, 276, 277.

„ xylopioides. Mart., 37, 74, 269.

Zollikoferi, Ung., 76, 277, 284.

„ Zollingeri, Hiern, 34, 43, 55, 59,

153, 222.

{s}}.) Bedd., 222.

(sp.) Salt., 271, 289.

Diospyms, Roxb. Cfi-. Diosjiyros.

Diplouema, G. Don, 27, 90.

„ ambigua, G. Don, 71, 86.

„ elliptica, G. Don, 71, 92.

Drebbelia subarborescens, Zoll., 65, 75.

Dyospyros, Dumort. Cfr. DiospjTos.

Ebenacites rugosus, Sap., 75, 272, 277, 284.

Ebenoxylon, Auct. Cfr. Ebenoxylum.

Ebenoxylum verum. Lour., 67, 122.

Ebenus, Commers., 144, 146, 148.

Ebcnus, Rumph., 122. Cfr. Maba.

„ leucomehis, Commers., 68, 179.

„ melanida, Commers., 68, 178.

,. tessellaria, Commers., 68, 176.
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Elu-etia fen-ea, WiUd., G7, 107, 117.

Elaeis guineensis, Jacq., 107.

Embryopteris, Gaertn., 144.

„ discolor, G. Don, 70, 261.

„ gelatinifera, G. Don, 70, 258.

„ glutenifera, Wight, 258.

„ glutiiiifera, Koxb., 67, 258.

Kaki, G. Don, 71, 227.

„ Loureiriana, G. Don, 71, 264,

„ peregi'ina, Gaertn., 67, 258.

,,
racemosa, G. Don, 71, 263.

Ei'icaceiE, 63, tab. i.

Ermellinus, C«salp., 144, 146, 151, 223.

Erycibe glomerata. Wall., 40.

ErycibeiB, 63, tab. I.

Euclea, Linn., 27, 32, 58, 59, 60, 61, 63, 64,

65, 66, 90, 144, 273, 275, tab. i.

4 „ acutifolia, E. Mey., 36, 71, 92, 94.

„ angiistifolia, Bentb., 73, 96.

„ ApoUinis, Ung., 76, 275.

14 „ bilocularis, Hiern, 35, 92, 102.

„ BurcbeUii {var.), 105.

3 „ coriacea, Alpb. DC, 36, 46, 47, 72, 90,

91, 92, 94, 99.

16 „ daphnoides, Hiern, 36, 45, 49, 92, 102,

28S.

„ desertorum, EckL et Zeyh., 73, 97.

10 „ divinorum, Hiern, 31, 35, 36, 46, 92,

98, 99, 289.

Dregeaua, Alph. DC, 72, 93.

„ eUiptica, Alph. DC, 72, 92.

„ ferruginea, Beruh., 72, 93.

12 „ fructuosa, Hiern, 35, 92, 101.

„ herbacea. Lour., 67, 106.

humilis, Eckl. et Zeyh., 73, 105, 106.

17 „ Kellaii, Hochst., 35, 44, 71, 92, 103.

„ Kraussiana, Bernh., 72, 93.

5 „ lancea, Thiinb., 36, 67, 92, 95, 96.

8 „ lanceolata, E. Mey., 35, 36, 44, 45, 46,

47, 48, 49, 71, 92, 96, 97, 272, 288.

7 „ linearis, Zeyh., 36, 47, 73, 92, 96.

15 ,, macrophylla, E. Mey., 36, 44, 45, 46,

71, 92, 102.

„ macrophylla, E. Mey. d., 101.

„ miocenica, TJng., 76, 275.

11 „ multiflora, Hiern, 35, 36, 44, 45, 46,

47, 48, 49, 92, 100, 271, 289, tab. iii.

„ myi-tina, Burch., 49, 69, 105, 106.

13 „ natalensis, Alph. DC, 36, 72, 92, 101.

Vol. XII. Part I.

Euclea ochrocarpa, E. Mey., 72, 97.

9 „ ovata, Burch., 36, 48, 49, 58, 69, 91,

92, 98, 288.

„ pilosa. Lour., 67, 106, 265.

1 „ polyaudra, E. Mey., 36, 46, 47, 49, 71,

90, 92.

6 „ pseudebenus, E. Mey., 30, 35, 36, 46,

48, 71, 92, 95.

„ pubescens, Eckl. et Zeyh., 73, 93.

18 „ racemosa, Linn., 30, 36, 46, 47, 48, 49,

52, 67, 92, 103, 104.

relicta, Ung., 77, 272, 275.

rigida, E. Mey., 71, 96.

„ rufescens, E. Mey., 71, 99.

2 „ tomentosa, E. Mey., 36, 48, 71, 92, 93.

19 „ undulata, Thunb., 30, 31, 36, 45, 47

48, 49, 67, 92, 105, 288, 290.

n. 9140, E. Mey., 94.

Euphorbiaceae, 63, 106, tab. i.

Eurya acuminata, DC, 271.

,, symplocina, Blume, 270.

Extractuni Diospyri, 259.

Ferreola, Roxb., 59, 107, 108.

,, buxifolia, Roxb., 67, 117.

„ guineensis, Schum. etThonn., 117, 288.

Ferriola buxifolia, Roxb. 69, 107, 117.

Ficns (sp.), Ksempf., 144, 227.

Fomasinia ebenifera, Bertol., 28.

Garcinia malabarica, Desr., 67, 144, 258.

Getonia macroptera, Ung., 73, 279.

„ petrseaefolia, Schimp., 279.

,,
petrjeseformis, Ung., 279.

„ truncata, Goepp., 74, 279.

Guaiaeana, Tourn., 144, 146, 150.

Guaiacana?, Juss., 57.

Guaiacum (sp.) Gerarde, 144, 223.

Guatteria flavicans, Wall., 70, 145, 205.

Gunisanthus, Alph. DC, G3, 64, 66, 145,146,150.

pilosnlus, Alph. DC, 72, 189.

Hebenaster, Rumph., 144, 244.

Highulaenda, Heim., 117.

Holochilus, Dalz., 64, 107, 109.

„ micranthus, Dalz., 74, 133.

Humiriacese, 63, tab. i.

Hydi-ocharis ovata, Ludw., 285.

Ilicinese, 27, 62, 287, tab. i.

Juglans acuminata, Ludw., 280.

„ ventricosa, Ludw., 280.

Juniperus communis, L., 96.

38
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37

30

i

28

23

52

12

26

57

18

44

54

20

42

7

15

25

KeUaua Schimperi, Alph. DC, 71, 90, 103.

Labatia Soheuzeri, A. Br., 286.

Laurinese, 63, 270, tab. I.

Leguminosse, 28.

Leucoxilon lauiiniim, E. Mey., 71. (Excl.).

Leucoxylon, Auct. Cfi-. Leucoxylum.

LeucoxVlum, Bliime, 64, 66, 144, 146, 152.

buxifolium, Blume, 27, 69, 218.

Lignum Vitse, Gerarde, 144, 223.

Loeselia, L., 78.

Lotus (sp.). Gamer., 144, 223.

Maba, Forst., 30, 32, 59, 60, 61, 63, 64, 65,

66, 106, 270, 273, 285, 287, 290, tab. i.

„ abyssinica, Hiem, 35, 44, 109, 132.

„ acapulcensis, Hiern, 36, 50, 109, 128,

129, 270.

„ acuminata, Hiern, 32, 108, 112.

„ albens, Hiem, 36, 50, 109, 126, 270.

„ Andersoni, Sol., 32, 76, 108, 124.

„ angustifolia, Miq., 75, 117.

„ Beccarii, Hiem, 110, 140, 288.

„ buxifolia, Pers., 29, 30, 31, 32, 35, 36,

38, 40, 41, 42, 44, 48, 50, 56, 64, 68,

108, 116, 123.

„ Cargillia, F. Muell., 76, 246, 290.

„ caribsea, Hiem, 37, 52, 109, 125.

„ cauliflora, Hiem, 37, 58, 110, 142. 270.

„ compacta,E.Br.,36, 57, 68, 108, 121,124.

„ confertiflora, Hiem, 33, 55, 110, 136.

„ cordata, Hiem, 110, 141, 288, 290.

„ Cumingiana, Alph. DC, 57, 73, 117.

„ cupulosa, F. Muell., 76, 114.

„ diffusa, Hiem, 38, 50, 108, 111.

„ Ebeuoxylon, G. Don, 71, 123.

,, Ebenus, Sprang., 69, 123.

„ Ebenus, Wight, 117.

„ elliptica, Forst., 32, 38, 56, 67, 108, 122,

125, 270.

„ elliptica, Seem., 116, 118.

„ fascioulosa, F. Muell, 36, 38, 55, 56, 76,

110, 135, 270.

„ foliosa, Kick, 38, 56, 75, 108, 113.

„ geminata, E. Br., 30, 30, 54, 56, 68, 108,

117, 119, 270.

glaln-escens (var.), 118.

granatensis (far.), 128.

„ Grisebachii, Hiem, 37, 52, 109, 125.

„ guiueensis, Alph. DC, 73, 116, 117.

„ Leiuicycloides, F. Muell, 36, 77, 108, 111.

47

58

19

16

29

27

48

40

13

35

9

49

24

33

59

41

39

50

2

56

51

55

36

10

5

14

6

32

45

38

17

Maba Lermaphroditica, Zoll, 33, 55, 74, 110,

137.

„ Hilairei, Hiem, 37, 54, 110, 143.

„ Hillebrandii, Seem., 38, 55, 76, 108, 122.

„ humilis, R. Br., 36, 56, 68, 108, 119,

120, 270.

„ inconstans, Griseb., 37, 50, 51, 52, 53,

54, 76, 109, 127, 201, 270.

,, interstans, F. Muell, 76, 121.

„ intricata, Hiem, 32, 50, 109, 126.

„ javanica, Zoll, 33, 74, 110, 138.

lamponga, Miq., 33, 59, 75, 107, 110, 133.

„ lancca, Hiem, 35, 107, 108, 118.

„ lanceolata, Hiern, 38. 109, 131, 270.

„ laurina, E. Br., 36, 56, 68, 108, 115.

„ laxiflora, Benth., 77, 135.

„ littorea, R. Br., 56, 68, 117.

,, niadagascariensis, Alph. DC, 73, 117.

„ Maingayi, Hiem, 33, 42, 110, 138, 288.

„ major, G. Forst., 31, 32, 67, 108, 124, 125.

„ Mamiii, Hiem, 35, 43, 44, 109, 129.

,, megalocarpa, F. Muell, 76, 211.

„ Mellinoni, Hiem, 37, 110, 143.

,, merguensis, Hiem, 33, 41, 110, 134,

288.

„ micrantba, Hiern, 33, 109, 133.

microphylla (var.), 117.

„ Motleyi, Hiem, 33, 55, 110, 139.

„ Mualata, Welw., 30, 35, 48, 108, 111.

,, myi-isticoides, Hiem, 37, 52, 110, 142.

„ myrmecoealyx, Hiem, 110, 139, 288.

„ mp'mecocarpa, Hiem, 37, 110, 141,

'270.

„ nataleusis, Harv., 36, 44, 76, 109, 131.

„ neilgherrensis, Wight, 73, 117.

„ nigresccns, Dalz., 32, 43, 75, 108, 115.

„ oblongifolia, Hiem, 32, 108, 112.

„ obovata, R. Br., 36, 56, 68, 107, 108,

119.

obovata (var.), 128.

ovalifolia, Hiern, 32, 59, 108, 113.

Pavouii, Hiem, 36, 100, 129.

peutamera, F. Muell, 76, 239, 290.

„ punctata, Hiern, 33, 55, 107, 110, 136,

271, 288, tab. iv.

„ quadrideutata, F. Muell, 76, 239, 290.

„ quiloensis, Hiem, 35, 109, 132.

„ reticulata, R. Br., 36, 57, 68, 108, 121,

122.
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Maba revoluta, Vieill., 56, 114.

8 „ rufo, Labill., 36, 38, 56, 69, 108, 114,

123, 270, 271.

43 ,, niminata, Hiern, 38, 56, 110, 135.

31 „ salicifolia, Hiern, 100, 129, 271.

11 „ sandwicensis, Alph. DC, 38, 55, 73,

108, 116.

53 „ sericea, Hiern, 37, 49, 110, 140, 270,

271.

„ sericocarpa, F. MuelL, 76, 114.

34 „ Seychelkrum, Hiern, 38, 50, 107, 109,

130.

„ Smeathmarmi, Alph. DC, 73, 117.

21 „ siiniatraiia.Miq., 33,55,74,108,123, 124.

46 „ Teijsmanni, Hiern, 33, 110, 137, 288.

„ vacciniaefolia, Benth., 73, 117.

22 „ Vieillardi, Hiern, 38, 56, 108, 124.

Mabba, Mason. Cfr. jMaba.

Macreightia, Alpli.DC,64,66, 107,109,273, 285.

„ acapulcensis, Alph. DC, 72, 128.

„ acuminata, Thw., 41, 76, 112.

albens, Alph. DC, 72, 127.

„ andamanica, (Kurz), 77, 124.

„ buxitolia, Griseb., 76, 125.

cariba;a, Alph. DC, 72, 126.

,,
caribEEa, Griseb., 126.

„ conduplicata, Alph. DC, 72, 127.

„ gernianica, Heer, 75, 284.

„ iuconstans, Alph. DC, 72, 127.

„ intricata, A. 6r., 75, 126.

„ italica, Massal., 75, 286.

„ longipes, Ettingsh., 284, 285, 289.

„ microcalyx, Ettingsh., 284, 285,

289.

„ miinzenbergensis, Ettingsh., 284,

285, 289.

„ • myristicoides, Spruce, 142, 289.

„ oblougifolia, (Kurz), 124.

„ oblougifolia, Thw., 41, 75, 112.

„ obovata, jMart., 74, 127.

ovalifolia, Thw., 41, 76, 113.

Pavonii, Alph. DC, 72, 129.

psidioides, Alph. DC, 72, 127.

„ umbellata, Massal., 75, 286.

Macreigthia, Stielil. Cfr. Macreightia.

Magnoliacese, 63, tab. i.

Marcreightia, Kurz, 124. Cfr. Macreightia.

Melonia (§), 146, 147, 235.

Monodora microcarpa, Duual, 69, 144, 246.

Mp-sine Kellau, Hochst., 71, 90, 103.

Myrsinese, 63, tab. i.

Noltia, Schum., 64, 144, 146, 149.

Noltia tricolor, Schum. et Thonn., 69, 183.

Olacinese, 61, 63, 65, tab. i.

Olax, L., 65.

OIeace£e, 63, tab. i.

Padus (sp.), Bumi., 90, 104.

Paralea, AubL, 144, 146, 154.

„ guianeusis, AubL, 67, 240.

„ guyannensis, Aubl., 240.

Paralia guianeusis, Desv., 240.

Patonia (§), 146, 152.

Walkei-ii, Wight, 71, 145, 214.

Pishamin, Parkins., 144, 225.

Pisonia buxifoUa, Rottb., 67, 107, 117.

Pistachia (sp.), Plukn., 78, 80.

Plumeria Flos-Saturni, Ung., 73, 277.

Porana, Burm., 274, 284.

Pseudo lotus, Cam., 144, 223.

Ehipidostigma, Hassk., 64, 107, 110.

„ Teijsmanni, Hassk., 74, 137.

„ ZoUingeri, Hassk., 74, 138.

Rhododendron Apollinis, Ettingsh., 76, 275.

Rospidios, Alph. DC, 64, 66, 145, 146, 155.

„ vaccinioides, Alph. DC, 72, 230.

Eoyena, Linn., 28, 32, 58, 59, 60, 61, 63, 65, 6G,

78, 79, 84, 195, 273, tab. i.

„ Amalthese, Ung., 77, 273, 274.

8 „ ambigua,Vent.,36,47,67,79,84,86,270.

„ anguatifolia, Willd., 67, 83.

„ brachiata, E. Mey., 71, 85.

10 „ cistoides, Welw., 35, 48, 78, 79, 87.

2 „ cordata, E. Mey., 35, 36, 44, 45, 49, 71,

79, 81, 82, 288.

„ cuneata, Poii\, 68, 83.

„ cuueata, Spreng., 85.

„ cuneifolia, E. Mey., 71, 85.

„ decidua, Burch., 48, 49, 69, 85.

„ euboea, Ung., 77, 273, 274.

„ falcata, E. Mey., 72, 88.

11 „ glabra, Linn., 36, 46, 47, 48, 49, 66, 79,
" 88.

13 „ glandulosa, Harv., 36, 79,89,288, tab. u.

„ gi'reca, Ung., 77, 273, 274.

„ hii-suta, Eckl., 81.

„ birsuta, Jacq., 85.

5 „ hirsuta, Linn., 36, 45, 46, 47, 48, 49,

66, 79, S3, 270, 272.

38—2
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Koyena hirsuta, Sieb., 8S.

hispidula, Harv., 85, 86.

latifoUa, WiUd., 68, 84, 90.

lucida, Linn., 30, 35, 36, 45, 46, 49, 66,

79, 80.

Ijcioides, Desf., 69, 85.

macrophjUa, E. Mey., 72, 101.

media, Hort., 71, 90.

microphylla, Burch., 48, 49, 69, 83.

Myosotis, Ung., 77, 873, 274, 284.

myrtifolia, Wendl., 69, 88.

nitens, Harv., 36, 45, 79, 87.

oleifolia, De^i"., 85.

opaca, E. Mey., 71, SI.

pallens, Thunb., 35, 36, 44, 45, 46, 47,

48, 49, 67, 78, 79, 85, 66, 67, 270,

288.

parviflora, Hiem, 36, 45, 63, 78, 79, 88.

Pentelici, Ung., 77, 273, 275.

polyandra, Linu. fil., 67, 90, 92.

polyaudra, /8, Pers., 86.

pubescens, WUld., 68, 85.

ramulosa, E. Mey., 72, 85.

rufescens, E. Mey., 71, 99.

rugosa, E. Mey., 71, 83.

scabra, Burm., 66, 82.

scabrida, Hai-v., 35, 45, 79, 82.

scandens, Burch., 40, 82.

sericea, Bernh., 72, 85.

sessilifolia, Hiern, 36, 78, 79, 84, 90.

supra-cordata, Burch., 49, 81.

4 Eoyena villosa, Linn., 35, 36, 44, 45, 47, 49, 66,

79, 82.

„ (sp.) n. 15, Eckl. et Zeyh., 90.

(sp.) n. 9140, Drege, 90, 94.

Eoyenia, Auct., 78. Cfr. Eoyena.

Ej-mia, Endl., 90.

polyandra, Endl., 92, 288.

Sapota nigra, Blanco, 70, 145, 244.

Sapotaceje, 62, 63, 270, tab. i.

Sphreria (sp.), 100.

Staphylodendron, Herm., 78, 80.

Staphylodendmm, Commelin., 78, 80.

Sterculiace«, 28.

Styracea, 27, 62, 63, tab. i.

Tamarix, L., 96, 98.

Ternstroemiacese, 62, 63, tab. i.

1 Tetraclis olasisefolia, Hiern, 27, 32, 38, 50, 60,

61, 63, 65, 271, tab. i., tab. xi.

Tetrapteris Hai-pyiarum, Ung., 73, 279.

Tiliacew, 63, tab. i.

Trichanthera (§), 64, 107, 110.

Vaccinia, Adans., 57.

Vaccinium (sp.), 78, 145.

fragrans, WaU., 73, 230.

„ pensylvanicuni, MUl., 66, 88.

Sprengelii, Wall., 230.

Viola, L., 285.

Vitis Idsea (sp.), Plukn., 78, 88.

Ximenia americana, L., 98.

Xylopia frutescens, Aubl., 269.
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III. On the equation which determines the form of the strata in Legendre's and

Laplace's theory of the Figure of the Earth.

[Received Oct. 16, 1871. Read Oct. 30, 1871.]

1. The equation to which the present memoir refers is the following:

^ rpa'da-j^ \^^, rp4- {Y'na''")da - ^r^ ("'p ~(-^2^ da = (1).

This equation will be found in the Mecamque Celeste, Livre iii. § 30. Laplace uses

substantially this notation; but he denotes our a, by unity. English writers generally

use accented letters for the variables uader the integral sign ; thus instead of I pa'da
Jo

they use I p a'^da. This is more explicit than Laplace's notation ; but with a little care

'o

no error will arise from the omission of the accents. In Laplace's notation symbols

which are not under the integral sign refer to the value a; when they refer to the

special value a^ we shall use the suffix 1.

The above equation, as is well known, presents itself in the theory of the Figure

of the Earth considered as a heterogeneous fluid; and in that theory the equation has

to hold for all positive integral values of n except n = 2. In the case of « = 2 the right-

hand member is not zero.

2. Clairaut first obtained the equation for the case of m = 2 : see his Figure de la

Terre, page 273. D'Alembert afterwards arrived at results equivalent to the cases of n=l
and ?i = 3, besides the case of m = 2 : see his Eecherches...du Systeme du Monde, Vol III.

pages 226. ..228, and his Opuscules MatM/natiques, Vol. v. page 5.

The general equation for all positive integral values of n appears in two memoirs,

one by Legendre and one by Laplace, both published in the memoirs of the French

Academy for 1789. Legendre claims for himself tbe priority of date; see page 372 of

the volume.

3. It has been the object of mathematicians to demonstrate that except l'^ =
there is no value of Y„ which will satisfy (1) ; or at least no value which is admissible
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in the theory of the Figure of the Earth. I propose to examine these demonstrations,

to shew distinctly on what assumptions they rest, and what objections may, in my

opinion, be brought against some of them.

4. From the primary equation (1) a certain differential equation has been derived;

this was effected by Clairaut and D'Alembert for their particular cases, and by Legendre

and Laplace generally. It will be necessary for our purpose to give the steps of the

process sejjarately.

Multiply (1) by a"^' ; thus

Differentiate with respect to a; thus we obtain

5a»/VVa+«a»->rJVcZ.-a-/;p^(J^Ja = (3).

Divide by a^" ; thus

a-"f''pa:da + na-"-'Y,j''pa'da-j'''p~(^^da=0 (4).

Differentiate with respect to a ; thus we obtain

This is the differential equation deduced from the primary equation (1) ; any value

of F„ which satisfies (1) must satisfy (5) : and as (5) may be considered an equation

of a more usual kind than (1) the labours of mathematicians have naturally been much

directed to the discussion of (o).

5. But of course the primary equation (1) is really that which is to be solved,

if possible ; so that supposing we have a value of l', which satisfies (5) we have to

examine conversely if it will also satisfy (1), or to investigate the conditions under

which it will satisfy (1). This is a very simple matter, but does not ajipear to me to

have ever been distinctly considered.

We may represent (1) symbolically thus, /(}'„) = 0, whore /denotes a certain complex

operation chiefly of the nature of integi'ation. Now suppose we have obtained a solution

of (5), say Y„ = <f>{a), we have then to determine the value of I{<f){a)} so as to ascertain

whether it vanishes, or under what conditions it will vanish.

AVc start tlien with the value <f>{a) for Y„, which by hypothesis satisfies (5). Integrate

with respect to a : thus we arrive at an equation which can only differ from (4) by

the presence of some arbitrary constant, that is a constant with respect to a. Thus

we have

^a-»/VVa + na--,/,(a)/%aVa-/%/^{^}cia = i^ (G),
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where H denotes this arbitrary constant. Multiply by a""; thus

'^'^iy''^^^^'^'^'''i'^^^\y'^-^''iyTa^^^ (7).

Integrate with respect to a. Thus

where K is another arbitrary constant.

Di^ade by «"". Thus

^Ca)^ 2

J

1 [" ^ \A.( \ "+31

J

«"
T"' '^f^Wlj Sa" K ,„,

Thus we see that

^{'^(«)5=2^+,4 (10).

Moreover the values of H and K can now be definitely expressed.

For since (6) is true for all values of a, we may put a=-a^; thus we see that

\
pada

2^ + A'=<^(aJ<j^ pa=Ja-^;^^|^ p£ [^ (a) «-} c7a (12).

Again since (8) is trae for all values of a, we may put a = a,; thus we see that

Thus the values of H and K are assigned by (11) and (12).

It is obvious from (10) that I[<^ (a)} will not vanish for all values of a unless

we have both

H=0 and K = Q.

6. Let us now examine Legendre's process for shewing that there is no admissible

solution of the primary equation (1), except Y„ = 0.

Legendre first considers what we can infer from supposing a very small.

Whatever be the law of density, as we shall assume that the density decreases from

the centre to the surface, we may put p=gar", where g and m are constants, m hein<y

positive or zero. If m is not zero then the density is infinite at the centre; but this

is admissible provided I pa"da vanishes with a, so that the mass may be infinitesimal

•when the volume is such. Now \a^'^da = ^ h constant; so that provided in is less
j 6—m ' ^

than 3 the mass does vanish with a.
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pd^da by cr; and he transforms the differential equation (5) by

putting

Thus we shall obtain from (5)

^_„(, + l)«_^^^^-Q = (13).
da a a da

With the assumed value of p we have

a" dp _ OT (3 — wi)

so that when a is very small (13) becomes

^ = {„(«+l)_^(3-,«)}|.

The solution of this differential equation is

Q = Aa' + Ba^-%

where A and B are arbitrary constants, and

•.^\ + ^[{n+^^^-m[^-m)

The term B(^'' must be rejected as inadmissible in our ease ; for if this were retained

we should have Q infinite when a is zero, and therefore also Y^ infinite. Thus the

only admissible value of the arbitrary constant B is zero. Therefore when a is very

Aa'
small we have -i„ = •

7 Legendre next shews that numerically Y„ increases from the centre to the surface.

Divide both sides of (1) by a"; and then differentiate with respect to a: thus we

obtain
, ,n i « j

dY„ o- _ ('i + 1) o- x^ , J^ [ „ A / F a""^ da = Q

therefore

aa-'"^^^"=(H + l)^a"r„-J p2(^>"")'^'^ (l-^)-

Let w = 1 a' J da, so that o" = ^i— o

Then, by integration by parts,

'da'[ P da
( ^"""") '^'^ = ^^"^ ^ '•

"
/" """ ^'"

i^""

^'^

= (3c7 + 0,) «"!;-[" a" r„
•'0

= 3(7a"y„+ro)^(aT„)<?a,

-r aa
da
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Hence (14) may be expressed thus:

da
'•=(7i-2)(7a"r„-r«^(aT„)</a (15).

Now since we assume that p decreases from the centre to the surface w is always

negative.

And n may be supposed greater than 2, for the case of n = 1 is treated by Legendre

separately.

Equation (1.5) then shews that if a"Yn and -^ (aTJ,) have the same sign at the origin,

that is when a is zero, they always have the same sign.

For suppose this sign at the origin to be positive. If the sign of —j-^ can ever become

negative suppose that it first becomes negative when a has the value a„. Then for this

value the right-hand side of (15) would be positive and the left-hand side negative; which

is absurd. [Legendre puts the argument differently; but not as I think so decisively.]

Now from the value of Y„ in Art. 6, combined with the value of a, it is obvious that at

dY
the origin F, and -j-^ have the same sign; therefore they always have.

8. Then for the final step. We have seen that I{(j} (a)} will not vanish unless both

E and K vanish. The simplest process would be to remark that if ^ (a) is an admissible

solution H will not vanish: see equation (11). For we have just she^vn that -y- {a'^ia)}

cannot vanish for any value of a.

But Legendre did not investigate the value of I{(f>{a)}, and so his process is less

simple. His process is in effect equivalent to shewing that the right-hand member of (12)

will not vanish. He introduces o> as in Art. 7, and then it follows that to make the

right-hand side of (12) vanish we must have

(2« - 2) cr.a.^ (a,) =/ "'to^ {«> (a)} da ;

and this is impossible, for on the right-hand side we have a quantity of one sign, and

on the left-hand side a quantity of the contrary sign.

9. Such then is Legendre's treatment of the problem. His main assumption is that

p decreases from the centre to the surface. Also he assumes that near the origin the law

of density is determined by p = goT", where m is zero or positive and less than 3. It is

of course ea.sy to suggest forms for the density which do not admit of being represented

by ga'" when a is very small. For instance such a term as a' log a might occur in the

expression of the density ; and this cannot be expanded in powers of a. The assumption

which Legendre makes of the law of density near the origin is required by him for the

Vol. XIL Pakt L 39
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purpose of shewing that dl'T^ and j- [a'^Y^ have the same sign at the origin; so that if

it should appear a more obvious assumption we may at once assume this instead of as-

suming the law of density.

We see that Legendre does not undertake to shew that the primary equation 7(}''„) =

has no solution, but oidy that it has no admissible solution with respect to the Figure of

the Earth; that is he shews that there is no solution in which F„ is restricted to be

always finite.

10. Let us now illustrate the process by examples. "We begin Avith one which has

been partly considered by Legendre.

Suppose n = 1 in (3) ; then it becomes

where Y Is used instead of F, to represent the general value of the unknown quantity.

Multiply by p : thus

-p.|(aF) + pa»/;p|(aF)cfa = 0.

Hence by integration

ff I p -T- (a F) da = C, a constant, (16);

therefore J^p^(aF) c?a= -;

therefore '
PtJ""^^ ^-a^da^' ^P" '

therefore ^(''^) = ?''' ^^''^'

therefore aY=C l — da + E,

and F= - 1 ,da+ ~:
a J <T a

where .E is a constant.

GWe see from (17) that — is equivalent to the .2" of equation (11). Hence /(F) = will

not be satisfied unless (7 = 0.

And we see that then by (12)
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E
Hence when n = l if F„ = — we do have 7(F„)=0. This result is of no importance

in Legendre's theory because he expressly limits Y„ to be finite ; and moreover by pro-

perly choosing the origin the term Y„ for the case of w = 1 is made to disappeai-. But the

result will be of service to us hereafter.

11. Now leaving n unrestricted let us take a special law of density, namely one given

by Legendre. Let

p = ga + tia ,

as we have seen in Art. G this is admissible provided m is less than 3. With this value

of p we find that

«- — ff ^3-m _L _ ^m
3 — 7;i 7?i

a'dp _ m(S-m)
and -X7- ;;^ (!«)•

<T da

Hence, proceeding as in Art. 6, we find that the differential equation gives

where c has the value there assigned.

We -svill now with Legendre omit the term which involves the negative power of a,

as inadmissible in our theory: thus we have

_A^
" a

Hence from (11) we have

5-^ If"-}

This will vanish of course if ^ = 0, which makes Y„ also vanish.

It will also vanish if

(^ + '')(3--^''''" + ^."''")=^"'"" + '^" ^^^^-

But Legendre says that if (19) be supposed to hold we shall find that j- is not always

negative; this is quite true and is easily verified.

39—2
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For (19) may be thus expressed

., =-^
n + c

so that o-j is greater than ^ if -j- is always negative.

And as n-\-c is greater than 3 we have a fortiori o-, greater than -~- if -^ is

always negative.

It is obvious that (19) might always be satisfied as it determines only the ratio of

^ to A; and Legendre implies that if we had not assumed p to decrease from the centre

to the surface we should thus have found a value of Y„ to satisfy /(F„) = 0. Legendre

however seems to overlook the equation (18) ; in virtue of this if -^ changes sign it must

be when <t vanishes, and in his theory it is of course impossible that a, which is propor-

tional to the mass, should vanish when a is not zero.

Thus it will be seen that equation (19) is quite inadmissible in Legendre's theory, in

which p and ff denote positive quantities, and <r must increase vnih. a. Therefore ^\'ith

this particular law of density we have consistently with the general proposition no solution

admissible of 7(7,,) = 0, except r„ = 0.

12. Nevertheless it will be convenient for our purpose to examine the consequences

which follow from (19). Assuming that we make H vanish by means of this relation we

proceed to consider whether K will also vanish. Return to equation (12).

We have f'p^ {<^ (a) a""=j da

•

= pfl"'^4> (a.) +Am{Z- m) ("'a"*'-' da
•'o

= p,a->(a.)+^M^„,(3_,„).

Hence ^ = ^ (a.) a.- |.. - ^—^ |^p,,.3
+ _L__L_.J|

.
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To make this vanish we must have

{(2« + l)(?i-f c)-m (3- wi)}o-. = (n + c)p,a,' (20).

1 / IN''
But »»' + n + 7 — »w (3 — ??t) = I c — ^ 1

;

thus 2«° + 2nc + n + c-m{3- ni) = {n + c)',

so that (20) becomes

(m + cY cr, = (n + c) pfl,\

that is (n + c) cr, = p,«,',

and this is in fact equivalent to (19), so that K does vanish.

We have therefore the following result: it p=ga~^ + ha""^, and Y„= , then I{Y„) = 0,

provided h and g be taken in the proportion assigned by (19).

13. It may however be conjectured that since F„ becomes infinite when a vanishes

in the preceding Article we shall find our primary equation (1) is really not satisfied.

But on examination this apparent difiSculty will disappear. The first term in (1) is

——
; so that provided the product of F„ into o- remains finite there is nothino- inad-

missible. Then by integration by parts the other terms of (1) may be transformed into

-2-^ P^'^'^^ (TOK-f ^>"^^t ^^

that is into

2n+l \a" 'j, (2?i+ 1) a"'^Vo da. 2» + 1J„ a" ' da

Now -^ = —J

—

— , so that the product Y. -—- remains finite when a vanishes.
da a da

Hence the conclusion arrived at in Art. 12 remains undisturbed by the vanishing of a.

14. In the example of Art. 12 it will be seen that when by a certain relation

between constants, we had secured the vanishing of H, then K also vanished. And this

in fact might have been anticipated. For since (8) is true for all values of a, we

may put a = ; then since we assume that F„ is finite or zero when a = 0, we see

that K must be zero.

Thus any solution of (5) which is never infinite necessarily makes K= 0, and reduces

^,,,, Ha"

^(^»)*^2TTT-
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15. Let us now advert to Laplace's discussion of the primary equation. It •will be

sufficient to touch briefly on this as the Mecanique Celeste is readily accessible, and Laplace's

method has been reproduced by others. Laplace's discussion is essentially of the same

kind as Legendre's, the differences being not important.

Laplace, however, considers that the density must be finite at the origin. This

amounts to sa3'ing that the m in Art. 6 must be zero; and therefore the c of that

Article becomes n + \. It seems to me that there is no reason for Laplace's assertion,

and that Legendre is correct in sajdng that all that is essential is that the mass should

be infinitesimal when the volume is such. If we take the ordinary law of gravity we

might at first consider it to be a serious difiiculty that the force becomes infinite for

particles in contact ; but really there is no difficulty inasmuch as the attraction of a sphere

on a particle at its surface is infinitesimal when the sphere is such.

By assuming that the density must be finite at the origin, Laplace's discussion is

rendered somewhat less general than Legendre's. Laplace gives a proposition like that of

Legendre's in Art. 7.

Laplace's final step, like Legendre's, consists in shewing that the right-hand member

of (12) does not vanish, except when ^ (a) is always zero.

For by integration by parts we have

(2n + 1) <^ (a.) a^'ppa^da - T P ^^U («)«""} <^«

=
I

(2« - 2) p,ar<}> («,)
-fl' [I

(2« + 1) <^ (aj a.V - <f>
(a) «-«} ^ da.

This is necessarily positive. For j- is negative by supposition; and by Art. 7, or

by Laplace's equivalent demonstration, ^ (a) increases ^dth a, so that the expression

5 (2re + 1) <^ (o,) a," - 4> (a) a" is necessarily positive.
o

16. Laplace's main assumption is that p decreases from the centre to the surface.

Also he assumes that at the origin the density is finite. It might seem on glancing at

his process that he also assumes 1',, to be always capable of expansion in powers of a;

but in reality it is sufficient for him to assume that such is the case when a is very

small. The assumption is made to enable him to shew that r„ and -j~ have the same

sign at the origin; and therefore we may if we please assume this if it appear more obvious

instead of the assumption which Laplace makes.

On the whole although the difference is slight between the processes of Legendre

and Laplace, the former appears to me rather the better. Laplace like Legendre confines

himseff to shewing that the equation /(F„)=0 has no admisaihle solution except F„=0.
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17. I now proceed to the treatment of the equation which we find in O'Brien's

Mathematical Tracts j)ublished in 18-iO. As I am persuaded that this treatment is altogether

illusory, I must present it fairly to the reader. I will therefore use very nearly the

author's words, but change the notation slightly to conform to that already adopted.

Let V and v' he two quantities which satisfy the equations

I{v)=a\ I{v) = -^, (21),

and let C and C" be two constants: then

r„ ^Cv+ C'v

will be a solution of (5) ; for performing the operation I on both sides of the equation

we have / ( F„) = / (Cw + C'v) = CI [v) + CI [v')

(evidently from the nature of the operation /),

I[Y,) = Ca"+^,

by (21).

Now if we get rid of the integral signs in this equation by the same process we
have applied to the equation (1), the second side will evidently be made zero by the

differentiations, and thus we shall arrive at the same differential equation as before; hence

r„ =Cv+ C'v

is a solution of (5). Now this is evidently true whatever be the values of C and C";

hence this solution contains two arbitraiy constants, and is therefore the most general

solution that (5) admits of. Hence all values of F„, which satisfy (1), since they also

satisfy (5), must be values of Cv + C'v. To determine what values of Cv + C'v satisfy (1)

substitute Cv + C'v for F„ in (1), and we find

CI{v)+CI{v')=0,

or (7a" + ill=0

by (21).

Now this equation ought to be true for all values of a; hence (7 = 0, and C'=0;
hence it is evident that only one value of Cv + C'v, namely zero, satisfies (1) ; and hence it

follows from the equation (1) that Y„ = 0.

This is the demonstration I propose to examine.

18. The first point to which I would call attention is the excessive generality of the

proposition which is thus supposed to be established. It will be observed that no restriction

is put on F„ or on p. Thus we are not compelled to have Y„ finite when a is zero. And
p is not such a quantity as would necessarily correspond to density in the physical problem

for here p may be positive or negative. Also n is not restricted to be a positive inteo-er,

but may be any number positive or negative, whole or fractional. In fact in this process
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the equation I(T„) = is quite liberated from all its physical connexion; and it is main-

tained that whatever p and n and Y„ may be, the equation has no solution except l'„ = 0.

19. My next remark is that the highly general proposition thus maintained is certainly

untrue. The assertion is that F„ must be zero. Now to overthrow this assertion it is sufH-

cient to point to two examples which have already been discussed. We have shewn in

Art. 10 that whatever p may be, when w=l the value — satisfies the equation I{Y„)=0.

And we have shewn in Art. 12 that whatever n may be, with the values of p and F, there

assigned we have I{Y„) = 0. These two examples as we have already shewn do not bear

against Legendre's demonstration of his duly restricted proposition ; but they are decisive

against the highly general proposition which is now under discussion.

20. The form in which the argument is put is certainly strange. In order to shew

that the equation I(Y„) = has no solution, it is assumed that the equations /(!'„) = a*

and /(i'„) = -;pi^ can both be solved. But the points assumed appear as difficult as that

which is to be demonstrated. For in fact out of the three equations here brought before

us if we assume that any two can be solved the same kind of argument might be

employed to shew that the third equation could not be solved.

21. The best method of shewing where the argument fails is to employ the reverse

process of Art. 5. We may admit that the general solution of (5) will be of the form

G^;r{a) + Ex(a),

where G and E are arbitrary constants, and i/r (a) and ^ (a) functions of a ; these functions

could not be specifically determined unless p were given explicitly. If we perform the

operation I on this expression the result will be -^ + -^^

.

The value of H will be given by

The value of K will be of the same form and we may denote it thus

where X (a,) and
fj,

(a,) are certain functions of a, which we need not state explicit!}-.

Now O'Brien supposes, and quite correctly as we sec, that G and E may be so taken

as to make // vanish. When G and E are so taken lie denotes Gi/r (a) + E^ (a) by v,

assuming in fact that K cannot also vanish. But of course it is theoretically quite poa-

"sible that the constants which occur may be so related as to make K vanish when 7/

vanishes. In fact in the two examples we have brought forward we have made one of

.the two G and E zero, say G ; and then we found that the cocfticieuts of E in II and

A' vanish.
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22. It might perhaps be suggested that the argument intends to shew that no general

form can be found which will satisfy /(F„) = whatever maybe the value of p. The answer

is twofold. In the first place this is really not the problem to be solved ; what we wish

to shew is that whatever value may be assigned to p there is no admissible value of Y„.

In the second place the example of Art. 10 shews that the argument is not valid even

when the problem is changed in the manner suggested.

23. I shall now consider a proof given by Mr Pratt. In the first edition of Pratt's

Mechanical Philosophy Laplace's process was adopted. In the second edition a new process

was given to which attention is invited in the preface, where this passage occurs, " Mr
O'Brien in his Mathematical Tracts, Part I., has given an excellent demonstration, and

shorter than Laplace's, but the one now given is shorter and simpler even than his." Mr
Pratt's proof is reproduced in his separate publication on Attractions .. .and the Figure of

the Ear€i.

We may observe here that if O'Brien's proof had been sound its excessive generality

might have compensated for the want of almost any other qualities.

24;. The proof given by Mr Pratt is interesting ; it is founded solely on the primary

equation without any use of the differential equation (.5). But the assumptions on which

it rests are rather large.

It assumes that 1', and p can each be expanded in a series of ascending positive

powers of a for all the values of a between and «,. It does not assume that p

decreases from the centre to the surface ; but it does assume that p does not vanish at

the origin. Both Legendre and Laplace suppose that p has a value at the origin which is

not zero ; but with them this is no new assumption, being in fact involved in their main

assumption that p decreases from the centre to the surface.

The assumed forms for Y„ and p are used in the primary equation which is developed

in powers of a, and it is found impossible to make the terms separately vanish.

25. The assumptions respecting the possibility of expanding 1'^ and p are certainly

considerable assumptions. The assumption respecting Y^ shortens the demonstration as It

dY
enables us to omit the process by which Legendre and Laplace shew that F„ and —5-" have

aa

the same sign at the origin. The assumption that p can be expanded in a series of

ascending powers of a, Is of course a large assumption analytically, for it excludes many

conceivable forms for p. And in a physical point of view the problem is very much restricted

;

for it is assumed that p Is the same function of a throughout the Investigation ; whereas

It is obviously conceivable that p may be discontinuous in form and even in value. To

take a simple example. Let us examine if by the method now under discussion we can

shew that there is no value of Y„ except zero, which will satisfy the primary equation

under the following suppositions as to p; from rt = to a = 6 let p = D + Ea'" + ... , and

from a = b to a = a^ let p = Ma'^ + Na''+ Here we suppose ni and the other expo-

nents which occur in the first expression for p to be positive ; in the .second expression

Vol. XII. Past I. 40
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for p we -will suppose the exponents /i, v, ... to be arranged in ascending algebraical order

of magnitude, but they need not be restricted to be positive.

Let r„=TPV+...

First suppose a to be less than h. Then

r ,j Da' EaT'^

J^'^ 3 m + 3

WM (s + 2 — n) , ,, ,- „ , I..., ,..,

-J
^^ L fa ix+»+'^ _ ^^^^^^ + ...

/x + s + 2— n^' /'•••

Substitute in the primary equation. Thus we get

WD WD W2I(s + S-n) ^^.„ j^.^-„.„ . _.~3"" -2^m'' " -(2n + l)(/. + s+2-n)('''
"^ )a+...-0.

We have then to see if the coefficient of each power of a vanishes.

If we suppose s + 2 less than n we should have to suppose WD = ; which is

inadmissible.

If we suppose s + 2 — n we are led to TT'D (s — q; T")
~ ^ ' ^^^^ ^^^^ ^^ inadmissible.

But if we suppose s + 2 greater than n we have as our first condition

M(s + 2 - n)

This condition presents nothing wliich is obviously impossible. We should then

have to continue the investigation by examining the coefficients of the various powers

of a.

Next suppose a to be greater than b. Then

f /* f D¥ M
pa'da=\ pa'da+l pa^da = —r- + . . . + ^ («"'"- ^*') + •• •

Jo Jo J b <> fl + 6

= WDb'*^*' + ...+ ^ + '^ + ^
MWCa''*'*'^'

-

jM+'+'-n ,

fi + s + n + 3 ^ ;-r...

J a da \a"^/ fi + s-n + 2 ^
^ '
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If we substitute iu the primary equation we shall find that the algebraically lowest

power of a is a"""' ; to make the coefficient of this vanish we must have

Blf^*^ + . .
. - (^ + ^'- + ^)-^

^,M+'+"+3 + . . . = 0.

And so on.

I do not mean to assert that all the conditions thus obtained can be satisfied.

It may very possibly happen that by discussing the conditions it can be shewn that

they are incompatible, and thus that the original proposition remains true. But it is

obvious that the demonstration given does not in itself apply to the case of discon-

tinuity in p ; and that if we are to include this case the process must be much developed,

so as to lose all the advantage which it may now claim as to brevity.

26. There is still another consideration. We have in the preceding Article allowed

the form of Y^ to remain the same throughout. But it is conceivable that corresponding

to a change in p there may be also a change in Y^.

Hence we might suppose that from a = to a = h, we have F„ = Wa' + . • • ; and

then from a = h to a = a^ we have F„ = f/a' + . .

.

To shew that this is an impossible solution will involve a more troublesome inves-

tigation than that of the preceding Article.

We may observe that the physical problem we are considering would require a

certain continuity of value, though not necessarily of form. We should in fact require

that the successive strata should be in contact throughout. This will be secured if we

make Y^ continuous in value; that is if

m>'^ = Z76' + ...

It Is not necessary that p should be continuous in value; if we please to impose

this condition in the preceding Article we have

Z) -I-
^6"* + . . . = J/S" + iVfi" + . .

.

It will be easily seen on examination that the investigations given by Legendre and

Laplace are not restricted to the case in which p is continuous in form or value.

27. On the whole then although the demonstration which we are discussing depends

very simply and clearly on the assumptions made, yet as the assumptions are very large

and considerably restrict the physical range of the problem, it seems to me less satisfactory

than the demonstrations of Legendre and Laplace.

28. The most recent investigation which I have seen is that given in the treatise on

Natural Philosophy by Thomson and Tait. This though slightly different in form is in

substance the same as O'Brien's. But as I have abundantly shewn the extreme generality

which such a process contemplates cannot be attained, because it does not exist. No further

40—2
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discussion is required as to the principle of this demonstration, but I may just make one

remark on a point of detail, which is not important but might lead to brief embarrassment.

Suppose that instead of zero on the right-hand side of the primary equation we had

a given function of a, say A^ so that

I{Y„)=A (22).

Then instead of (5) we should obtain

d'l\ 1

da'

,
1 r „ .dY, p „ (71(71 + 1) r „ 2pl

Now we may say that the solution of (23) is G^ [a] + E^ [a] + « where G and E are

arbitrary constants and z is any particular solution of (23). This is an elementary fact in

the theory of differential equations ; G-^ (a) + E^ (a) being the solution of (23) without its

second term, that is the solution of (5). But we should not say that z is such as to

raake I[z) =A^; that is we must not assume that any solution of (23) will satisfy (22); we

do not know whether (22) admits of any solution at all prior to special investigation.

29. I am unwilling to leave the equation after criticising the treatment it has hitherto

received without an attempt at a new investigation.

I continue to mean by an admissible value of !'„ a value which is never infinite ; and
7-tr

also I will assume that a —=—" must never be infinite : this is an essential condition in the
da

physical problem with which our equation (1) is connected. I shall then shew that equa-

tion (1) has no admissible solution provided p be such that o- never vanishes except when

a vanishes.

The equation (5) may be written

.d'Y.
n (n + 1) i; - a'

pa' _
, ..y.^.j .„ ^ ^^,

1
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Thus

where
(f>

(a) is always positive ; therefore

aY^= l<f){a)da + constant.

Since aY„ vanishes with a we may write the last result thus

aY„= I ^{a)da.
Jo

Hence

d_

da

aT„ = a"''
[
^(a)da,

(a- F„) = (n - 1) a"-^ fV (a) da + a""'^ (a)

;

•^ ft

the last expression is necessarily positive, and will not vanish when a = a,.

Thus the condition 11=0 of Art. 5 cannot be satisfied; and therefore the equation (1)

is not satisfied.

The only exception which presents itself to the foregoing argument is this : it may be

said that it is not absolutely necessary that j- la Y„) should be always of the same sign,

d d^Y .

for -j-{aY„) may perhaps vanish provided n{n + l)Y„-a'-^ vanishes simultaneously. But

this may be shewn to be impossible.

As before we have

1 f
5'« =

-J
<l>{a)da;

d}Y 2 f 2 (i>'(a)

thus ^=?J/W^«-a«"^(«) +^'
so that

n(n + l)Y„-a'^ = '^^^^^f<j>{a)da+2,f>{a)-a<p'{a) (25).

The last expression cannot vanish simultaneously with <f>{a). For suppose that as a

increases from zero <f>{a) first vanishes when a has a certain value. Since <f>{a) begins by

being positive <j>' [a) must be negative or zero when (j) (a) first vanishes ; hence the expres-

sion on the right-hand side of (23) is then necessarily positive and cannot vanish. Thus

from (24) we should have <r= 0, which is contrary to the supposition.
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30. Thus I do not assume that p continually decreases from the centre to the surface,

nor even that p is always positive; but only that o- never vanishes except at the origin :

so that if this demonstration be accepted it will form the most general which the proposition

has yet received.

It will be observed that the conditions which we have imposed are not satisfied by the

two examples which are discussed in Arts. 10 and 12. In Art. 10 we see that aF, does

not vanish with a; and in Art. 11 we have o- vanishing for a certain value of a. Thus

these two examples do not supply any objection to the new demonstration,

31. I may observe that from (24) if we supposed Y^ to be given we may by inte-

gration theoretically determine the value of p. For the right-hand member of (24) would

be thus a given function of a, say ^fr (a) ; and by integration

log 0- = I ylr(a)da;= /v^(«)«

this gives a, and then by differentiation we find p. In this way we might establish rela-

tions between Y„, p, and a, which would satisfy (5) ; but by virtue of the demonstration

in Art. (29) we cannot obtain admissible solutions of (1).

I. TODHUNTER.

October, 1871.



IV. On the Centro-surfctce of an Ellipsoid. By Professor Catley.

[Read March 7, 1870.]

The Centro-surface of any given surface is the locus of the centres of curvature of

the given surface, or say it is the locus of the intersections of consecutive normals, (the

nonuals which intersect the normal at any particular point of the surface being those at

the consecutive points along the two curves of curvature respectively which pass through

the point on the surface). The terms, normal, centre of curvature, curve of curvature,

may he understood in their ordinary sense, or in the generalised sense referring to the

case where the Absolute (instead of being the imaginary circle at infinity) is any quadric

surface whatever; viz. the normal at any point of a surface is here the line joining

that point with the pole of the tangent plane in respect of the quadric surface called

the Absolute: and of course the centre of curvature and curve of curvature refer to

the normal as just defined.

The question of the centro-surface of a quadric surface has been considered in the

two points of view, viz. 1", when the terms "nonnal," &c. are used in the ordinary sense,

and the equation of the quadric surface (assumed to be an ellipsoid) is taken to be

^\Z!+^=1. 2°, whea the Absolute is the surface X' + Y^ + Z' + ]r = 0, and the
a' b' c

equation of the quadric surface is taken to be aX^ +^Y^ +yZ'+ BJ\^' = 0:—in the first of

them by Salmon, Quart. Math. Jour. t. ii. pp. 217—222 (18.58), and in the second by

Qebsch, Crelle, t. 62. pp. 64—107 (1863); see also Salmon's Solid Geometry, 2nd Ed. 1865,

pp. 143, 402, &c. In the present Memoir, as shewn by the title, the quadric surface is

taken to be an Ellipsoid; and the question is considered exclusively from the first point

of view: the theorj- is further developed in various respects, and in particular as regards

the nodal curve upon the centro-surface: the distinction of real and imaginary is of course

attended to. The new results suitably modified would' be applicable to the theory treated

from the second point of view; but I do not on the present occasion attempt so to present

them.

The Ellipsoid; Parameters f, rj, &c. Art Nos. 1—6.

1. The position of a point {X, Y, Z) on the ellipsoid

X; P £; ^

,

a=
•"

6=
*"

c"
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may be determined by means of the parameters, or elliptic co-ordinates, f, tj; viz. these

are such that we have

X"- T- Z"- ^

or, what is the same thing, ^, t) are the roots of the quadric equation

a' + v b'+v c' + v

(In its actual form this is a cubic equation, but there is a root i; = 0, which is to be

thrown out, and the quadric equation is thus,

+ v{a' + b' + (r-X'-T'-Z')

+ {bV + (fa? + a'V - {¥ + (?) X' -{c'+a^Y - (a= + V) Z'} = 0,

or putting

P = a' + b° + c",

Q=bY + (fa'+a%

the equation is

v'+v [P-X"- Y'--Zr)^ Q-{b'' + (f) X-{c' + a') y - ia'+¥)Z' = 0).

2. It is convenient to write throughout

b'-c'=a,

C-— a =p,

a'-b- = y,

(whence a + /3 + 7 = 0).

As usual, a is taken to be the greatest and c the least of the semi-axes, we have

thus a, 7 each of them positive, and /3 negative, = —^ where /3' is a positive quantity

= + 7. A distinction arises in the sequel between the two cases a" + c°> 26° and a' + c'<26^

but the two cases are not essentially different, and it is convenient to assume a° + c° > 2b",

that is, a^ — b^>b'—c^ or 7 > a, s;^ 7 — a positive. The limiting case a' + 0' = 2b' or 7 = a

requii-es special consideration,

3. We have

'-a/eZ===c'(c' + f)(e' + )7).

It is in fact easy to verify that these values satisfy as well the equation of the ellipsoid
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as the assumed equations defining the elliptic co-ordinates
f, 17. We may also obtain

the relations

X''+r-+Z- = a= + J= + c=+f + ,;,

a?X' + Ir Y"- + c'Z'-= a* + h* + c' + bV + cV + arP + (a- + P+ &) (| + 77) + ^.

These, however, are obtained more readily from the equation in v, viz. the roots thereof

being f, 77, we have

-^-yj = a- + b- + c^-X'- Y'-Z\

^ = bV + c'V + a'P - {¥ + r) X' - [c' + a') Y' - {a' + b') Z\

which lead at once to the relations in question.

4. Considering ^ as constant, the locus of the point (X, Y, Z) is the intersection

of the ellipsoid with the confocal ellipsoid

jp Y2 ^2

viz. this is one of the curves of curvature through the point ; and similarly considering

77 as constant, the locus of the point is the intersection of the ellipsoid with the con-

focal ellipsoid

X'' F" Z^

a' + T? ¥ + 11 c' + v

viz. this is the other of the curves of curvature through the point.

5. If instead of ^ and 77 we write h and k, we may consider h as extending between

the values — a', — b^, and k as extending between the values — b^, — <?.

h = const, will thus give the series of curves of curvature one of which is the section

by the plane X= 0, or ellipse semi-axes b, c ; say this is the minor-mean series. In par-

ticular h = — a' gives the ellipse just referred to; and h = — F, or say h = — b'' — 6 gives

two detached portions of the ellipse semi-axes a, c; viz. each of these portions extends from

an umbilicus above the plane of xy, through the extremity of the semi-axis a to an um-
bilicus below the plane of xy.

And in like manner A; = const, gives the series of curves of curvature one of which

is the section by the plane Z= 0, or ellipse semi-axes a, b ; say this is the major-mean

series. In particular k= — (? gives the ellipse just referred to ; and ^ = — 6^ or say k = ~b'^ + e

gives the remaining portions of the ellipse semi-axes a, c; viz. these are two portions each

extending from an umbilicus above the plane of xy, through the extremity of the semi-

axis c, to an umbilicus above the plane of xy.

The ellipse last referred to may be called the umbilicar section, the other two prin-

cipal sections being the major-mean section and the minor-mean section respectively.

In the limiting case h= k = — b'', we have the umbilici, viz. these are given by

a' /3' ' c^ /:?•

The two series of curves of curvature cover the whole real smface of the ellipsoid ; so

that at any real point thereof we have ^ = Ii, 77 = 4, or else ^ = k, -r/^h, where /(, k are

Vol. XII. Part I.
^j
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negative real values Ipng witliin the foregoing limits — a^ — 6^ and — i^ — c^ respectively.

But observe that ^, 17 taken separately may each extend between the limits — a^, — c\

6. Suppose f = >?, the equation in v will have equal roots, or the condition is

(P_ X"- -Y'-Zy = 4
{
g - (J' + c=) X'' - (c" + a^) Y" - (a» + b') Z^],

viz. this surface by its intersection with the ellipsoid determines the envelope of the

curves of curvature. This envelope is in fact a system of eight imaginary lines, four

of them belonging to one of the systems of right lines on the elHpsoid, the other four

to the other of the systems of right lines. For in the values of X'', F*, Z'' writing

ij = ^, we find

±V^^^ = a' + ?,

+ V- 7a -T = J' + f,

~
c

or representing for shortness the left-hand functions by ± X', ± Y', ± Z', the eight lines

are

a^ + ? =
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curve may be called the sequential centro-curve. Again the same normals, viz, those at the

several points of the particular curve of curvature, are intersected, the normal at each

point by the consecutive normal belonging to the other curve of curvature through that

point ; and we have thus corresponding to the particular curve of curvature, a curve on

the centro-surface, which curve may be called the concomitant centro-curve. If instead of

a single curve of curvature we consider the whole series, say of the major-meaji curves

of curvature, we have a series of major-mean sequential centro-curves, and also a series

of major-mean concomitant centro-curves ; and similarly considering the series of the minor-

mean curves of curvature we have a series of minor-mean sequential centro-curves and also

a series of minor-mean concomitant curves; the configuration of the several curves will

be discussed further on, but it may be convenient to remark here that the centro-surface

may be considered as consisting of two portions, say,

(A) locus of the major-mean sequential centro-cm'ves ; and also of the minor-mean

concomitant centro-curves

;

(B) locus of the minor-mean concomitant centro-curves, and also of the major-mean

sequential centro-curves.

Investigation of expressions for the Co-ordinates of a point on the Centro-surface.

Art. Nos. 8 to 13.

8. Consider the normal at the point {X, Y, Z). Taking in the first instance {x, y, z)

as current co-ordinates, the equations are

x-X y-Y z-Z ^—_— =i—--=-—, = \ suppose,

^ ¥ ?
or, what is the same thing.

Suppose now that the normal meets the consecutive normal, or normal at the point

X+dX, Y+dY, Z+dZ; and let x, y, z belong to the point of intersection of the two

normals ; we must have
X

= d^(l+^,) + f«^,

which determine the direction of the consecutive point; the equations in fact give

= dX, ^,



324 Mb CAYLEY, on THE CENTRO-SUKFACE

or, what is the same thing,

0= a^dX, dX, X
b'dY, dY, Y
&dZ, dZ, Z

which is the differential equation of the cur\-e of curvature. This equation must therefore

be satisfied by taking for X+ dX, Y+dY, Z-\- dZ, the co-ordinates of the consecutive

point along either of the cur\'es of curvature,—say along that which is the intersection

with the surface,

J^ Y^ p
- + w^-+-.^— =1.

9. To verify this, observe that we then have

XdX YdY ZdZ ^

XdX YdY ZdZ
= 0;

or, what is the same thing,

XdX : YdY : ZdZ= a: (a= + v) a : h' {h' + n) ^ : c' {c + v) y.

But from the equations — ^yX^ = O' {a' + ^) {a'' + 7i)&c., these become

XdX : YdY : ZdZ= -^^^ . jj

Z'

or, what is the same thing,

dX : dY : dZ=

a' + l b' + ^ c' + l'

X Y Z

and substituting these values in the determinant equation, it becomes

= XYZ
K + ?)(^" + ?)(c^ + ?)

a\ 1, a'4?
,

¥, 1, y + f
j

which is identically true, since evidently the determinant vanishes.

10. Proceeding with the solution, we have from the three equations

XdX+idY+ZdZ+x{-^+^+-,-) + dx[-^ + ^^ + -^,)
= 0.

and observing that from the equation

X'+Y' + Z' = a' + P + c' + ^+V.

considering therein tj as constant, we have

XdX+ YdY+ZdZ=ldl
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the equation becomes

and the three equations then are

0=dx(l+-)-:k~d^, &c.,
\ ay 'a

or say

= dX{a' + \)-^Xd^, &c.

But from the equation — ^yX^—a''(a^ + ^) {a' + r]), considering therein t; as a constant,

we have

dX_ ^d^

and the equations thus become

a'+\ „= ^7:^^-1. &c.,

viz. these are all satisfied if only X = ^.

11. The co-ordinates of the point of intersection of the two normals thus are

.=z(i+|), ,=i^(i4).-^(i+|),

or squaring, and substituting for X^, &c., their values as given by

- ^jX" = a' {a' + ?) {a' + t?), &c.,

the equations become

-^ya'x'^ia' + ^yia' + n),

-yaby=^{F + ^nh' + v),

viz. these equations give {x, y, s) the co-ordinates of a point on the centro-surface, the

intersection of the normal at the point (A', Y, Z) of the ellipsoid, (determined by the

parameters ^, -q) by the normal at the consecutive point along the curve of curvature

X^ T" Z' ,

a +V b^+V c' + v

or say 97 is the sequential parameter*.

Of course by interchanging f and 97 we should obtain the co-ordinates of the point

of intersection of the normal at the same point (X, Y, Z) by the normal at the consecutive

point along the other cui-ve of curvature : ^ being in this case the sequential parameter.

* The expreasicns are given in effect, but not explicitly, Salmon, p. 143.
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12. I stop for a moment to consider the foregoing two equations

X = g, d\ = -id^,

which at first sight appear inconsistent. But observe that in the foregoing solution \ is

the parameter of the point [x, y, z) of the centro-surface considered as a point on the

normal at {X, Y, Z); \ + d\ is the parameter of the sajne point considered as a point

on the normal at the consecutive point {X+dX, Y+dY, Z+ dZ): the value \ + d\ = ^ + d^

would belong to a different point, vi^. the consecutive point of the centro-surface considered

as a point on the consecutive normal—wherefore the d\ of the solution ought not to be

= rff In further explanation, observe that the equations

X = X (
1 + -J , &c. where X = g,

if we pass from {x, y, z) to the consecutive point on the centro-surface, give

dx = dx{\ +-) + ^<?|;

but since by what precedes,

this is
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Or, what is the same thing,

^oV= a'+v, 7aV= (a' + f)^

1^ by = -b'-v.
a

The first set of equations gives

7&y=-(i' + i/.

which is the equation of an ellipse.

The second set gives

(ax)^ + {by)^ = 7^,

or in a rationalised fonii

(a'x' + by - yj + 27a'bYxy = 0,

which is the equation of an evolute of an ellipse.

aV by
15. The ellipse -„2- H

—

t" = 1 is a cuspidal curve on the surface, and the section by

the plane s = is consequently made up of this ellipse counting three times, and of the

evolute ; it is therefore of the tweKth order ; and the order of the surface is in fact = 12.

^2 y-2

It is clear that the section of the centro-surface arises from the section —g- + -=^ = 1,
a b'

viz. the normal at any point of this ellipse lies in the plane Z= 0, and its intersection

by a normal at the consecutive point of the ellipse gives a point of the evolute ; the

evolute being thus the sequential centro-curve of this section : the intersection by the

normal at the consecutive point on the other curve of curvature gives a point on the

a^x^ by
ellipse „j- + -^ = 1, which ellipse is therefore the concomitant centro-curve. Observe that

this other curve of curvature cuts the ellipse —^ + -yr = 1 at right angles, and that the

normals at the consecutive points above and below the point on the ellipse will meet

each other and also the normal at the point of the same ellipse at the point on the ellipse

aV by
~^^ + -^ = 1 : this shows that the last-mentioned ellipse is a cuspidal curve on the centro-

surface.

16. The thi-ee principal sections of the centro-surface are consequently

x = 0, ^ +5 = 1> and (5i/)U(c^)^ = a«;
7 p

y = Q, — + -^ = 1, and {czY + {axf = ^-^

;

a 7

5=0, ^V ^' = 1, and iax)^ + {byf = 7^
;
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viz. each section is made tip of an ellipse counting tliree times and of an evolute (of an

ellipse). I have for shortness represented the three evolutes by theii- irrational equations.

It will presently appear that the section (imaginary) by the plane infinity is of the like

character.

17. Considering only the positive directions of the axes, we have on each axis two

points, \-iz.

axis of X,
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outcrop, and the curve does not terminate at the umbilicar centre, but on passing it, from

crunodal becomes acnodal (viz. there is no longer through the

curve any real sheet of the surface) : moreover the curve is \ y
not at the umbilicar centre perpendicular to the plane of

><P^

xz, and there is consequently on the opposite side of the ^/ \_
plane a symmetrically situate branch of the curve, viz. the ^,--'' "'-.,,_

umbilicar centre is a node on the nodal curve. Completing <'''~--, ^'-^^

the curve, the nodal curve consists of two distinct portions, \,_ ,^'''

one on the positive side of the plane of ys or minor-mean

plane consisting of two cuspidal branches as shown in the

figure ; the other a symmetrically situate portion on the nega-

tive side of the minor-mean plane.

Intersectmis of Evolute and Ellipse.

20. Consider in the plane of xy the ellipse and evolute,

^V^=l, {aV + hy-'fy + 27y'a%'xy = 0.

P 0.

First, these are satisfied by

_8
• Co-ordinates of Umbilicar centres in plane of xy (imaginary),

viz. the equations respectively become

7 7 7

the first of which is a -t-
/3 -(- 7= 0, and the second is (a' + yS" -I-

7')' - 27a'/3'7' = 0. But the

equation a + /3 + 7 = gives a^ -1- /S' +7' = 3a/S7, and the two equations are thus identically

Atisfied. Moreover the condition for a contact is at once found to be

^ [(aV -1-5y - 7=)' + 97^6=^ = a' [(aV +jy - 7")' + H^^^.

or, what is the same thing,

(0= - ^) (aV+jy - 7^)' + 97" (a'aV - ^'Vf) = ;

and substituting the foregoing values, this is

that is,

"^^ {a.' +^+yj + 97a^^^ (a - ^) = 0,

7

Vol. Xn. Past I. 42
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which, putting therein a + ^=-7, and a' 4- yS' + 7' = Sa/Sy, is also satisfied; that is, the

poLats in question are points of contact of the ellipse and evolute.

21. Secondly, consider the values

Co-ordinates of outcrops in plane of ay (real).

Substituting in the equation of the ellipse, we have

a()3-7)'+ /S(7-a)» + 7(a-/3)' = 0,

which is

(^-7)(7-a)(a-^)(a + /3 + 7) = 0,

or the equation is satisfied identically: and substituting in the equation of the evolute,

we have first

aocr + by 7 7(a-/3)'

which in virtue of a (yS — 7) + /9 (7 — a) + 7 (a — /3) = becomes

aaf+hy -7 =
^^^3^^5 ,

3a/3(;8-7)(7-a)

and then, completing the substitution, it is seen that the equation of the evolute is also

satisfied. The poiuts last considered are simple intersections, and we have thus the com-

plete number 8 + 4 = 12 of the intersections of the evolute and ellipse.

22. We have a, 7 positive, /3 negative; whence a— /3 is positive, y3— 7 negative;

7 — a (= a* + c* — 2b^) is positive, and hence, the outcrops in the plane of xy are real ; the

umbilicar centres are imaginary for this plane, but real for the plane of zx, the co-ordinates

being

Co-ordinates of Umbilicar centres in plane of xz (real).

y9'

Nodes of the Evolute.

23. The Evolute is a curve with four nodes, all of them imaginary; viz. for the

evolute in the plane of xy, the equation of which is

(aV + by -rff+27 rfa'h'a?!/ = 0,

these are

aV=-7',|
Co-ordinates of Nodes of evolute in plane of xy (imaginary).
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in fact these values satisfy as well the equation of the evolute, as the two derived

equations

Ga'x [(aV + by - 'ff + 97'%^ = 0,

G% [(«'a!'+ h'f - r/'Y + Qrfa'a^ = 0,

or the points in question are nodes of the evolute.

The evolute has the four cusps on the axes and two cusps at infinity, in all 6 cusps

as just mentioned ; it has 4 nodes : and the order being 6, the class is

30 - 2.4 - 3.6, = 4.

Section hy the 'plane infinity.

24. The surface itself is finite, and the section by the plane infinity is therefore

imaginary, but by what precedes the nodal cui-ve must have real points at infinity, viz.,

there must be real acnodal points on this imaginary section. The section by the plane

infinity resembles in fact the principal sections; viz., writing successively f = 00, and

j; = Qc, we have

- /370V : — '^Jb^y^ :— a/3aV = a" + 77 :
6" + 97 : c" + »? or

giving respectively

aV + 6y + cV = 0, and {aaxf -V [h^y)^ +{crisf=Q,

where the first equation represents an imaginary conic which counts three times ; and the

second equation, the rationalised form of which is

(a'aV + ft'/Sy + c^V)' - 27 o'&^cV/SVxya' = 0,

an imaginary evolute. The conic and evolute have four contacts and four simple intersections

(in all 4.2 + 4 = 12 intersections) which are all of them imaginary. But the evolute has

four real nodes (acnodes) a^aV = Z^'/Sy = &'fz^ ; or, what is the same thing, there are four

real lines (f(£'3? = V^y'^ = &'f^, which are respectively asymptotes of the nodal curve: viz.,

inasmuch as the equation of the surface contains only the squares x", y", z", the lines in

question will be not merely parallel to, but will be, the asymptotes of the nodal curve.

The plane infinity may be reckoned as a principal plane, and we may say that in

each of the four principal planes there are four umbilicar centres, four outcrops, and four

evolute-nodes.

The generation of the surface considered geometrically. Arts. Nos. 25 to 28.

25. I have deferred until this point the discussion of the generation of the centro-

surface by means of the centro-curves, for the reason that it can be carried on more precisely

42—2
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now that we know the fonns of the principal sections and of the nodal curve. The two

figures exhibit (as regards one octant of the surface) the portions already distinguished as (A),

and (B) : they intersect each other in the nodal curve, shown in each of the figures.

26. Consider first the generation of the portion (A) by means of the major-mean

sequential centro-curves. The major-mean curves of curvature (attending to those below

the plane of my) commence with a portion (extending from umbilicus to umbilicus) of the

ellipse —i+ ,- = 1) tliis may be termed the vertical . curve, and they end with the whole

ellipse - 1- -I- -jF = 1, which may be termed the horizontal curve. The normals at the several



OF AN ELLIPSOID. 333

points of the vertical curve successively intersect along a portion (terminated each way at

an umbilicar centre) of the evolute in the plane of xz or umbilicar plane; viz. this portion

of the evolute, shown fig. (a), is the sequential centro-curve belonging to the vertical curve

of curvature. The curve of curvature is at first a narrow oval surrounding the vertical

curve ; the corresponding form of the sequential centro-curve is at once seen to be a four-

cusped curve as in fig. (5), and which we may imagine as derived from the curve (a) by
first doubling this curve and then opening out the two component parts thereof: the two

upper cusps of the curve (J) are situate on the ya-ellipse of the centro-surface, and the

two lower cusps upon two detached portions respectively of the x^-ellipse of the centro-

surface. And as the curve of curvature graidually broadens out and ultimately coincides with

the Ti'-section of the ellipsoid, the four-cusped curve continues to open itself out, and

ultimately coincides as sho^vn figure (c) with the a;y-evolute of the centro-surface, viz. this

evolute is the sequential centro-cur\'e belonging to the horizontal curve of curvature or

XF-section of the ellipsoid. The successive sequential curves are also shown (so far as regards

an octant of the surface) in the figure (A).

27. We consider next the generation of the portion (B) by means of the major-mean

concomitant centro-curves. Starting as before with the vertical curve of curvature, the con-

comitant centro-curve is a finite portion (terminated each way at an umbilicar centre) of

the cc^-ellipse of the centro-surface. As the curve of curvature opens itself out into an oval,

the concomitant centro-curve in like manner opens itself out into an oval, the two further

vertices thereof situate on two detached poilions of the .r^-evolute of the centro-surface, and

the two nearer vertices on the ^^-evolute of the central surface. And as the curve of

curvature continues to open itself out, and ultimately coincides with the horizontal curve or

.ZF-section of the ellipsoid, so the concomitant centro-curve continues to open itself out

and ultimately coincides with the xy-ellipse of the centro-surface. The successive forms (so far

as relates to an octant of the surface) are shown in the figure (B). We have in each case

attended only to the curves of curvature below the plane of xy, and the corresponding centro-

curves above the plane of xy, but of course every thing is symmetrical as regards the two

sides of the plane.

28. There is a precisely similar generation of the portion (A) by the minor-mean

concomitant centro-curves, and of the portion (B) by means of the major-mean sequential

centro-curves.

Tlie Nodal Curve. Art. Nos. 29 to CO.

29. If two difi'erent points on the ellipsoid correspond to the same point on the centro-

surface, this will be a point on the Nodal Curve: the conditions for this if (^, rf), {^^, tj^)

are the parameters for the two points on the ellipsoid, are obviously
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these equations in effect determine 17 as a function of ^, so that the equations

- /SyaV = (a= + |)' (a=+ 9?), &c.

then determine the co-ordinates (x, y, z) of a point on the Nodal Curve in terms of the

single parameter ^.

The relation between f and t] would be obtained by eliminating fj, 17, from the fore-

going equation: but it is easier to eliminate 1) and 7;,, thus obtaining between ^, and f

a relation in virtue of which f^ may be regarded as a known function of ^; 77 and 77,

can then be expressed in terms of ^, f,, so that each of these quantities will be in effect

a known function of ^*.

30. The relation between ^, f, is in the first instance given in the form

= 0.

Throwing out a factor (^ — ^,)', this becomes

S la' {3a' + 3a» (f + 1.) + f + ?|. + ^1

X (5= - c^) . (1, 1, Y)\{{W + ^) (c= -f ?,), (J» + 1.) (c' + |))1 = 0,

where the left-hand side is a symmetrical function of ^, ^, vanishing for f=^i, and there-

fore divisible by (f-?/; it is also divisible by A, = (t' - c") (c= - a=) (a= - 5') (= cySy). To

work this out, write ? -t- ?, =i'. ^^i = 2. the equation may be written

= 0,i{{v-e)c?
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32. From the equations («" + ?)' (a' + i?) = («"+ ^O'C^^ + '/J' &"., we have

2 (i= - c=) {{a' + ^y {a' + v)- («^ + ^,y (a' + 77.)} = 0,

26V {b' - c=) {{a' + ^y {a' + v)- {a' + f.)' {a'+ v)} = ;

and observing that the term in
} } is

a'm + V-S^^-V.)

these are readily reduced to

(s^+n- 3^, - 7,,) p+ (Sf + 3^^? - 3?r - Kv) = 0,

(3| + ^_3^,-^.)i2 + f^-f;^, =0,

or what is the same thing

3(f-f.)(P+ ? + ?,)+'?(P+3?)-,?,(P+3^,) = 0,

3(f-fji2 +'?(i2+r)-'?.(i^+r.0 = 0.

and if we hence determine the ratios 3(^-^J : 77 : t/,, the first of the resulting terms

divides by ^ — ^„ and we have

3:7;: 77. = - P (f + ff, + r.') + 35 - 3ffi (? + ?0

:i2(2f-^,)-r(^+f + ?.)-

Hence observing that by the relation between ^, f, the first term is

= 3{Pf^, + <2(^ + |J + 3ii},

the equations become

1 :^ : '7, = i'??, + <?(?+?.) + 3ii;

and we thus have

_ Ej2f, -ii-i^^^p+i+ij

which, considering ^, as a given function of ^, gives 77 as a function of f.

33. I write ? + ?, = 2x, ^ - f, = 2y, so that ^ = 2x, 2 = x" - y', the relation between

P, f, takes the form
6 (i? + <2x + Px'- x=) - (6x + 2P) y^ = 0,

or, what is the same thing,

.,
(x + a')(x + 6^)(x + c')

.^- x + H«' + «*' + «') '

so that taking x at pleasure and considering y as denoting this function of x, the values
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of ^, ^, belonging to a point on the nodal curve are | = (x + y), ?, = (x — y) ; and the

value of 7] is then given as before.

34. The form just given is analytically the most convenient, but there is some ad-

vantage in \mting -px, — y, in the place of x, y respectively; viz. we then have

y-_ (x + a° V2) (x + y V2) (x + c' \/2)

x + jV2(rt= + &'+c'')

where ^ = -7= (x + y), ^i=7=(x — y), so that if (f, fj be taken as rectangidar co-ordinates
V2 V li

of a point in a plane, (x, y) will be the rectangular co-ordinates of the same point referred

to axes inclined at angles of 45° to the first-mentioned axes respectively.

35. The curve is a cubic curve symmetrical in regard to the axis of x, and having

the three asymptotes,

x = -i(a' + b'+ (f)\f2, y = ±Ix-t-i(a» + 6' + c')V2},
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viz. these all meet in the point P the co-ordinates of which are

X = - ^ (aV J' + c') \^, y = :

moreover we have y = for the values x = — a" V2, - h'' V2, — c' V2, that is, the curve

meets the axis of x in the points A, B, C ; the order in the direction of — x being

C, B, P, A as shown in the figure : and with these data it is easy to draw the curve

:

the portion which gives the cranodal part of the nodal curve is that extending from B to

the points fi ; viz. at B we have ? = ?,= — i^ con-esponding to the umbihcar centre ; and

at n, n we have ^ or ^ = - c", f or P = — c" -\ ^ corresponding to the outcrop.
a — p

3G. The nodal curve passes through (I) the umbihcar centres, (II) the outcrops, (III) the

nodes of the evolute. The geometrical construction led to the conclusion that the real

umbihcar centre was a node on the nodal curve, and that the real outcrop was a cusjj (the

tangent lying in the principal plane). It will presently appear generally, as regards the several

points real or imaginary, that the umbihcar centre is a node on the nodal curve, and the out-

crop a cusp—the tangent at the outcrop being in the principal plane : as regards the node on

the evolute this is a simple point on the nodal ciu-ve, and by reason of the -symmetry in regard

to the principal j)lane, the nodal curve will at this (imaginary) point cut the principal plane

at right angles. Hence considering the intersections of the nodal curve by a principal plane,

the umbilicar centre, outcrop and node of the evolute count respectively as 2 points, 3 points

and 1 point, and as for each kind the number is 4, the whole number of intersections is

4 (2 + 3 -I- 1), = 24. It may be shown that these are the only intersections of the nodal curve

with the principal plane ; and this being so, it follows that the order of the nodal curve is = 24

;

which agrees with the result of a subsequent analytical investigation.

37. The umbilicar centres or points (I) belong to values such as f = ^^ = - a" which are

the imited values in the equation between (f, f,), viz. writing herein f, = f the equation

becomes

so that the united values are ^ = ^^ = - a\ - If or - c'. (It may be remarked, that treating

this cubic as a degenerate quartic, a united value would be ^=^^=:od, correspondino- to the

umbilicar centres at infinity.)

To a value such as f = — a' there corresponds (not only the value ^, = — a", but also) a

value I, = - cr + -^—^ , as it is easy to verify. And the outcrops or points (II) belong to such

values ^ = — a", ^, = - a^ + ^ •

p -y

And the nodes of the evolute or points i^III) belong to values such as f = cob" + arc^,

Ij = arb^ + coc^ {(o an imaginary cube root of unity) which, as it is easy to see, satisfy the

relation between (|, ^J. But to complete the theory we require to have the values of t?, t;,

and also the co-ordinates of the points on the centre-surface, and of the two points on the

ellipsoid.

Vol. XII. Part I. 43
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38. I exhibit the results first for the umbilicar centres (imaginar'y) , outcrops (imaginary),

and nodes of the evolute (imaginary), in the plane x = 0; secondly for the real umbilicar

centres in the plane y = and for the real outcrops in the plane 3 = 0. The formulae contain

an expression fl which is a symmetrical function of a, /3, 7 (or a, b, c), viz. it is

a = a.-- ^y = ^^-ya=r -al3 = J- (a' +/3- +7') =^-(0y + yOL + ajS).

We have

f= - a^ i] = -a-; ^, = - or, j?^ = - a\

X=0, Xj = 0,

1
7

a

.0
2r = -c

17 = -6^'^,

Z? = - 0',.^

(Umbilicus).

a; = 0, 1

•^ a (Umbilicar centre).

II. ?=-a^

,. " 3^7
? = -a-+

"^^

, = -a^ +

«'

J

(/8-7r

or »? + 6- = - 7 ,0 _^x^ > »? + c
-

(^-7)' -7)'/'(/3-7)

^-7''''- "•
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The first tenn is

a'P - 2a^ e + 3i? + A {a'P- Q),

which is

and for the value of tj, proceeding to the third term, this is

= -a'R- a' (2a' - F) + A {M - a'),

which is

so that ^^•ithout any further reduction -77, = — a^

42. We have then

_-B {a' + 2A) - [a' + AY (g'-b'-c' + A)
''"

-a'^y + Aia'-bV)
and I assume

and investigate the value of H.

We have

-2(0," + 2A) - (a= + A)' (a' -b'~c- + A), = a'/Sy + A0, suppose.

The equation therefore is

a'/3y + AQ „2,^^^f>

that is

A© = - a^A (a^ - iV) +~^y li { - a'^y + A (a* - hV) ]
=

or writing ,r. ,, = - ttt^
—

x2. omitting the factor A, and multipljdng by (^-7)', this is

(p-7) (p-7)

(/3- 7)' {0 + a' {a' - 6V)] + 30 { - a'/Sy + A (a* 6V)} = 0,

in which equation

O =- 2i? - a'- (3a'+ 3a'A + A') {a'-h' -c' + A),

and thence © + a^ (a* — 6V) = same + a^ {a* - Irc^),

+ A{-6a*+3a^(i' + c')}

+ A'(-4a^+ i' + O
-A'

= 3a';87 + 3a'A (/3 - 7) + A» (/3 - 7 - 2a') - A'.

43. Hence, substituting for A its value and multiplying by (1S-7)', we have

(/3-7)»{© + a=(a*-iV)}

= 3a'y37 (/3 - 7)' - 9a'^7 (/9 - 7)' + 9/9V (/3 - 7 - 2a") (^ - 7) + 27/3^7'.
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which is

= - 6a^^7 (/3 - 7)' + 9^7= (/3 - t)' - l8rffV (/S - 7) + 27^V ;

viz. this is

= {
- 6aM/3 - 7) + 9/97} {(/3 - 7)= + 3/37} /37,

= { - 6a= (/3 - 7) + 9^37] (^ + /37 + 7^) ^7,

and the equation thus is

{ _ 2a= (/3 - 7) + 3/S7} (/3= + /87 + 7^) ^27 + n
I

- a^/37 -1^ (a' - 6V)
J
(^ - 7) = 0,

or finally

n {or (/3 - 7) + 3 (a' - JV) } = ( - 2a^ (/3 - 7) + 3/37) (^^ + /37 + 7^')-

But c^ = a'+ /3, b- = a' — 7, and hence a' — ^^'c' = — a° (/3 — 7) + jSy, and therefore

a^ (/3-7) + 3 (a* -&^c^ = -2a' {^-y) + S^y;

the equation thus divides by — 2a" (/3 — 7) + 3/37 and we have

n = /3^ + /37 + 7',

or as this may also be written £2 = a^ — /37, = /3^ — 7a, = 7' — a/3. So that D, has the value

originally so denoted, and we have then

„. ,
9/37 ^

44. III. Lastly the equation = (a' + J)' (a= + 1?) = (a' + ?,)' (a" + 77,) is satisfied if

a*+'? = 0, a' + rj^ = 0: the equations

(c^ + ?)'(c= + '?) = (c^ + ?J'(c' + ';.),

then give

which can be satisfied by f = ?i,
leading to f = ^j = — ci", which is the case I, or else by

5= + ^= „(&= + ?,),

0^ + 1=0,^6= +

a

that is

To show that these values satisfy the relation between f, f j, observe that they give

l + ?, = -&'-c% ?r. = J*-6V + c\

whence also
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and the relation becomes

6a-bV - 3 [a' {h' + c') + hV] (b' + c')

+ [a' + {b' + c')] .3{b* + c') -3{b' + c') (6* - JV -l- c') = 0,

which is an identity.

45. I will show that these values of ^, |j give the foregoing values 77 = »?,

We have

i:n-Vr-v + v^ = P^^r+Q{^ + ^i) + SR

this is

l:r,-V,--V + V, = a' {b' + c') : 0(f, - f) : - 2aV (S'^ + c^),

or 'J
— '71 = 0, 17 + 17, = — 2a" ; that is 17 = 57^ = — a^.

: — a"

46. For the real umbilicar centres and outcrops we have

I. ^=-b\v = -b\ ^, = -b\v, = -h'-

r=o, i>0,

^.' = - ofl

yS'

2/ = 0.

cV = -:
/S'

(real umbilicar centre.)

II. ? = -r,

(0— -^lj£^:..--^^).

r. ,.,_ y«(g-7)'

z=(),

ellipse concomitant

7 a-/3

7«-/8'

ellipse sequential
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,v=-^^(^-«n

hSr = -

s = 0.

7 («-/3)^

0-' (/3-7r
7 («-;«?'

(real outcrop).

Nodal curve in vicinity of umbilicar centre, crx^ = — ^r y = ^> <^^^ = -^ • Art. Nos. 47 to 49.1.
"/3

a-

47. Write

we have to find the relation between 2> 1v '">
''i

'> first for ([, q^, the equation of

correspondence gives

that is

viz. this is

+ P (6J* - 6J» 2 + ^, + 2= + 425-1 + 2i')

+ 3 ( - 26" + 3&* Y+l^ - ^"
i<f + %i + Si) + !??i7+?i) = 0'

S{q + q,){Sb*-2b'P+Q)

-S{q+q)ay

+ (r+%i + ?i')(7-a)

+ 3 2?i {q + q,) = 0,

whence approximately ? + 2i
= ^ ; but it will appear that the value is required to the

second order; we have therefore

? + ?. = f'^(:z° + %! + '?.')

48. Now the equations

{a' + ?)' (a= + ^) = («= + fJ' (a= + nd> ^^"1 («' + ^f («' + ") = (<=' + ?.)' ("' + '?.)'

putting therein for f, ??, ^i, 17^, their values, give the first of them

that is

log(l+Q + 3 1og(l+2) = log(l+^')+3 1og(l+i'),

r + ^-h ('•' + %'0+i ('•' + %') = '. + 3?. -^ (»-.= + 3?r) +A (r,^ + 3?.=),
37' 27 37^
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aud similarly the second equation

»• + 32 +^ {r' + 3<z') + ^. (r'+ 89') = r.+ 3j, +^ (r.^ + 89,=) + ^, (r.= + 3^.^ ;

whence multiplying by 7, a, and adding,

(7 + a) |r+ 32 + gi-^ (r' + Sg^} = (7 + «) {»•. + Sj. + 3^ (r/ +
32,=)J

.

which, neglecting terms of the third order is

Subtracting the two equations we have

Ha + 7)
('•' + '^^ -*- * (a=

- ?)
('•^ + '^^^ = H-a + D (''•' + '^'^^ "^ * (0"= " ?)

^'"•^ + ^?' )'

viz. this is

or, what is the same thing,

'•' - 'f + 3 (2^ - 2i0) + S^ {r^ - r,' + 3 fe'
- ^,=)} = 0,

if"*

-r-j-, + 2 + 2, + 1"^ (-?'- rr, - r,= + 2' + 22. + 2') = «,

which, putting therein »• — rj = - 3 (2 - 2i)> is

say this is

-r-rj + 2+2. + 2A = 0;
combining herewith

r - r, + 32 - 32, = 0,

we have
»- + 2-2yi-A = 0,

and 7\-2q + g^-A = 0,

where

^"* ^(-'•'-'^*i-'-.'' + 2' + 22i + 2i').

but substituting herein the values r=-2 + 22i, r, = 22 — 2i> this becomes

72 yot

and then
r=-2 + 22, + A,

that is

r + 32=2(2 + 2.) + A,=-*-(^j'.

40. Wc have then



OF AN ELLIPSOID. 345

and in the same way from cV = — -n — ]fi—L\ -^yg have

^'•-iH'-^'
moreover we have at once

?,v=-5!r=32:_
rya ya.

Hence, writing x+8x, + Bv, z + Sz for x, y, z, we find

hx=\x. \," .<i.
<fo.

^y^H\lla.-ya
2''

. 1 -2(a-S) ,^"-''-—^;^-2'_
or, what is the same thing,

7 a 0^ ya. yx

where x, z denote the values at the ^lmbilica^ centre.

Nodal curve in vicinity of real outcrop, viz.

«'-' =-f{^. ^y=-fS^|. -=0- Art. Nos. 50 to 62.

50. Write

and first for the relation between q and g-,, writing for a moment —-^ + 21= Q^ and

therefore ^^ = — c° + Q,, the equation of correspondence gives

- 3a^ (2 + QJ + (^ + 42 (3. + g,') (a - /9) + SjO. (^ + ^.) = 0,

Vol. XII. Pabt I. 44
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which putting for §, its value is

+ (a - /S) (g= + 4jj. + sr + (4? + %,)^ + ^-^.)

+ 3a^ (4? + 2q,) + (a - yS) (2= + 42^. + q^

or, what is the same thing,

(^'^^ + 1^)^ + ^^^'

+ ^1 a-^ +gg' a-^ +g.(«-^)|

or for small values

(3 + (^)2 + ?, = 0. t.hatis-^,? + 2. = 0.

51. Moreover, from equation (c' + |)' (c' + v} = {<^+ |^,)' (c^ + Vi), we have

or, since q and y, are of the same order, 0^ is of the order q^\ Hence, starting fiom

the equations - /37aV = (a' + f,)' {a^ + 17,) &c., the terms of x, y arising from the varia-

tion of 7;, are indefinitely small in regard to those arising from the variation of f, ; and

we have

?^= 3y. _ „ («r^)

a-/tf

y a^^'^ '~ ^'"0-7)'

and for S2 (= z) we have
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so that writing for gi-eater simplicity, (a - /3) y, = - a/Sw, the foiinulic become

2Sx 3a= OT,
X 7 —

a

SSt; S/3

V /3-7 '

52. This shows that there is at the outcrop a cusp, the cuspidal tangent being in

the plane of ay. It appears moreover that this tangent coincides with the tangent of the

evolute. In fact from the equation (axy + (6y)' — 7" = of the evolute we have

{ax)\ dx
^

{by% dy ^^
X y

or substituting for {x, y) their values at the outcrop,

/3(7-a) dx
^

a{^-i) dy ^^_
7*(a-/S) ^ 7*(a-/S) ^

that is,

^(7-a)f+«(^-7)f = 0,

ox oz/

which is satisfied by the foregoing values of — , and — , and the two tangent? therefore
X y

coincide.

We have

which in virtue of

o'a (/3 - 7) + J'/3 (7 - a) + c'y (a - ^) = Sa/Sy,

(observe Sj/S - c' (a - /3), = - c' (7 - a) - 3a'a, is negative)

if ^, be the value at the outcrop. Writing S« for the element of the arc we have

^ ab (a — p)
'

which exhibit the form at the outcrop.

44r-2
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The Nodal Curve ; expressions for the co-ordinates in terms of a single

parameter a-. Art. Nos. 53 to 60.

53. After the foregoing investigation of the nodal curve, I was led to perceive that

it is possible to express f, i}, ^,, i;, in terms of a single variable a; and thus to obtain

expressions for the co-ordinates of a point of the nodal curve in terms of the single vari-

able 0-. The result was obtained by the consideration that the acnodal portion of the nodal

curve could only arise from imaginary values of f, 17 ; the question thus was, what imaginary

values of these quantities give real values for the co-ordinates x, y, z. To make y real we
may assume

^ = -h''-p{e-,i>i),

r,=-F+p(d + <f,iy,

(;=v'— 1 as usual): this being so, if A denote one or other of the quantities

the expressions for — ySya^x', —yab'y' will be

^{^-p{d-cj>i)Y{\+p{d + 4>{y},

and we have therefore the condition that this shall be real (for the two values A = 7,

A = — 0) : being real, it wiU in certain cases be positive, and we shall then have real values

for the remaining co-ordinates x, z.

54. The condition of reality is easily found to be

A* (3^ - <^= + 3) - 6^pA (^'^ 4- (^^ 4-1) -1-/ {3 (^ -K^7 -I- 3^ - ^'} = 0,

viz. this equation in A must have the roots 7, — a, or the expression on the left hand

must be
= (3^-<^^-l-3) {A'- (7-a) A-a7}:

we have therefore

(7-a)' _ 36(g'-K/.^ + l )'

~:^a. (3^-</>'-f3){3(^'-h<^y+3^-fr

^-^-
3^-</)"-t-3 '

and writing (P + <^^ = X, Sff' - i^' = Y, the first of these is

(y-af 9iX+Y){X+lY
-7a -(r-»-3){3(A"-l)-t-7-J-3}'

which regarding X, Y aa the co-ordinates of a point in a plane is a cubic curve having

the point X-<-l=0, F-|-3 = as a node: hence \\Titing Y+3 = 3a{X+l), X and Y will

be each of them a rational function of a. The second equation is

Gep(X + l)
^, ,

. (7-^)0- (7-0)5
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and we have also

'2.e = 'JX+Y, 2^ = V3A'-Y;

the equations thus become

^^_,^ (.-,.(Z.r)
|^^,^3^J^

which are better written in the form

^ = _J»_H7-a).{l-y-^^},

where X, Y are given functions of (x. We in fact thus obtain an analytical expression of

the nodal curve, quite independent of the considerations as to real and imaginary which

suggested the process : the foregoing values substituted for ^, 77 will give — ^ya'x', &c. equal

to rational functions of cr, so that taking for ^^, 7;, the same expressions, only changing

y_ Q^Y 4. Y— "— -
, these values of |,, 17, give the very same

values of — ySyaV, &c., or the values of f, 77, f,, 17, satisfy the conditions

(a' + I)' {a' + v) = (a' + ?.)' (a= + 77.), &c.

for a point on the nodal curve.

55. To complete the investigation, writing as above F+ 3 = 3ff(X + l), we obtain

(7-a)° _ (3(T + l)X+3o--3
.

— 7a a-{X+a — l) '

or putting for a moment

—7a
we have

^ (A--3)(<r-l) ^ g(<7-2)+4 .^-
3cr + l-A" '

"*"

Sa + l-K '

3ir<7C<7-2) + 12<r 3(<r-l){^(<7-l) + l}
"^

3<7 + l-ir ' 3£r + l-ir

(t - l)(3<r- 2) JT 3(<r-l){g(o--2) + 4}.^+^-
3<T + 1-K '

-3'^+^-
37+r^ir
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or substituting for K its value we have

^
7« I (7-a)J

7a \ y — a/\ y — a/

S<7 + 1 - A'= — {(3(7 + 1) 7a + (7 - a)' a], = -^ (no- + 7a),

if as before fl = /3^ - 72 ; and the result is

\ fi a/ V T-aA 7- "A
-")"f-V cr(3a-2) }'

no- + 7a 1^-^ V o-(3cr-2) )

'

and changing the sign of the radical we have the values of ^,, 7;,.

56. Write for moment

= (A - a + a ^^;S)' = ^ +5 Vfi,

then in the product of these two expressions the rational part is =AA + BBS; but from

the manner in which they were arrived at we have = AB' + AB, and the rational part

is thus

=
-
J(^'-F,S).

We have
^«_£»6'={(A-a)'-a'S'f,

c7'(a-l)(3<r-2)
^ = -H7-«) ^^i^l^o.

^^^^^'

^=i(7-«){8(A-a)' + a»5};

henCe the rational part in question is

* flo- + 7a 3 (A - a)' + a"/S
'^ ' '

wliicli putting therein A = gives the value of ~yJt>'iJ^; and putting A»7, or A = — a,

gives the value of - /37aV or — a/3c'«'.
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57. We have

1-S =
ff(3«7-2)

a (3o- - 2) '

3+S= ^ 3(7' - 2o- + ,«_2<r-,-i^l
cr(3<7-2)L '1

(7

k7 n

<7(3cr

Hence we have at once the value of

^"^^' -*r2^T^- ^«
a (1-5),

where a = J (y3 — 7) <r.

58. Moreover

(A - a)' - a*fi'= A'- 2aA + a" (1 - 5^

= 3o^2 ^^^^ - -) ^- ('y - «) ^-^ + ^'1 + (7 - «)' '^' + 3a7].

where the term in [ ] is

0-' (7 - a) (7 - o - 3A) + o- {3A* + 2 (7 - a) A + 807} - 2A^

and since A = 7 or — a, that is A' — (7 — a) A — 27 = 0, the coefScient of a- is

= A{6A-(7-a)),

or the term is the product of two Hnear functions of a-; and we have

(A - a)'- a'' 5= .^_-^-{<r (7- a) - 2A} {<7 (7-a - 3A) + A).

Similarly

3 (A - a)» + a=S'= 3 (A^ - 2aA) + a= (3 + S)

=3^ [(3^ - 2) {- (7 - a) <^A + A'} + <7 1(7 - a) <r + a} {(7 - a) cr - 7J],

where the term in [ ] is

(7-a)- o-'- (7- a) (7-a+3A) cr'' + {3A'' + 2 (7 - a) A - 07} a - 2A',

in which the coefficient of <r is = A {2A + 3 (7— a)j, and the term is a prodxict of three

linear functions : hence

,
3(<7-l). .

3 (A - a)' + a' /S= f—^^ (7 - « o- - A ) (7 - a <r - 2A)

.
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59. Substituting these values we have the expression

__J__{{y~a)<T + a}[{y-a)a-y}{(y-a)cr-2AY{{y-a-3A),7 + A}\

Xi<r + 7a {(7-a)<7-A}{3<7-2r
'

which writing therein A = 7 gives - ^ya'x', and writing A = - a gives - a^cV ; we have

above an expression for — yab^i/' requiring only a simple reduction, and the final results are

-i87aV =

- yaby

{
{y-a)a + a}{ iy-'a)<r-2yY [

{0-y)a + yY
(no- + 7a)(3o--2J

(
ff- 1) ff" {(7 - a)V+ SryY

(fio-+7a)(3<T-2)''

_ {(y-g)^-y}{(7-a)^ + 2ar{(a-^)<7-af
°'^''* ~

(fl<r + 7a)(3<7-2)^

where it is to be observed that, equating the denominator to 0, we have a triple root

o- = 00 ; to indicate this, we may insert in the denominator the factor (1 — Oo-)'.

60. We see here the meaning of all the factors, viz.

Evolute nodes

Umbilicar centres

Outcrops

x =

Planes.

y=0 s=0 00

a
o- =

7-a
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It is to be noticed that the order of magnitude of the terms in the table is

' 7-a' 7-a' " /3-7' a-/:?' '' il ' 7-a' 7-a' (7-0)"

OE ~" 72
SO that the vahies -^, 0, —r— which belong to the real curve are contijnious : this

a —pil o
'

is as it should be. Several of the preceding investigations conducted by means of the

quantities ^, 77, ^,, t;^ might have been conducted more simply by means of the formulje

involving a.

The Eight Ciispidal Conies. Art. Nos. 61 to 71.

61. The centro-surface is the envelope of the quadric

by c'z' , „

Hence it has a cuspidal curve given by means of this equation and the first and

second derived equations

gV ly c°.' _

\*
~^ CAS ] f:\*

"^
?v-: 1 f\* — >(a'+^r {b'+^y {c'+^r

which equations determine a'x^, Vy", c'z' in terms of ^, \^z. we have

-^7aV=(a= + ^)\

-7aZ>y =(J' +m

so that, comparing with the equations — ;87aV= (a^ + f)' (a^ + J?) &c. which give tiie centro-

surface, we see that for the cuspidal curve ^ = i); or the cuspidal curve now in question

arises from the eight lines on the ellipsoid, which lines are the envelope of the curves

of curvature : it is clear that the curve is imaginary.

62, Fx-om the foregoing equations we have

:

Va ax+ VyS by -f- v'7 cz = V — a/37,

a^ 'Jax +^ '/by + 7' Vc2 = 0,

the second of which is best written in the rationalised form

(1, 1, 1, - 1, - 1, - 1) (a '/a ax, yS V^ by, 7 V^cs)" = 0,

and combining here^vith the equation

•Jaax + V^ by +Vy cz = '^ — a^y,

then for any given signs of Va, V^, V'7 and \—al3y the first of these equations represents

a quadric surface, the second a plane, or the two equations together represent a conic.

Vol. XII. Part I. 45
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By changing the signs of the radicals (observing that when all the signs are changed

simultaneously the curve is unaltered) we obtain in all 8 conies, but only four quadric

surfaces ; viz. the two conies

Va ax + V^ hy V'7 C3 = + V — a^y

lie on the same quadric surface.

G3. The conies form two sets of four, con-esponding to the two sets of four lines

on the ellipsoid. The analysis seems to establish a correspondence of each conic of the

one set to a single conic of the other set; viz. the conies have been obtained in pairs

as the intersections of the same quadric surface by a pair of planes: there is a like

correspondence of each line of the one set to a single line of the other set, viz. the

lines meet in pairs on the umbilici at infinity, but this coiTespondence is included in a

more general property: in fact each line of the one set meets each line of the other

set in an umbilicus; and the coiTesponding conies (not only meet but) touch at the

con-esponding umbilicar centre ; and qua touching conies they have two points and

intersection, and consequently lie on the same quadric surface. It is to be added that

the two conies touch also at the umbilicar centre the cuspidal conic of the principal

section.

G4. The 8 conies form two tetrads, and the principal conies (reckoning as one of

them the conic at infinity) another tetrad: the complete cuspidal curve consists therefore

of three tetrads of conies : with these we may form (one conic out of each tetrad) 16

triads ; viz. each conic of one tetrad is combined with each conic of either of the other

tetrads, and with a determinate conic of the third tetrad, to form a triad. And the conies

of each triad, not only meet but touch at an umbilicar centre, the common tangent being

also by what precedes, the tangent of the evolute at that point, which point is also a node

of the nodal curve.

Go. In fact consider the two conies

\^ax ±'J^ hi/ + V7 C3 = V — «/37,

(1, 1, l,-l,-l,-l)(aVaax, ±/SV;8 6y, y^yczf^O)

for the intersections with the plane y = we have

Va ax + "^y cz = \ — a/J-y,

(a Va aa — 7 V7 czf = ;

so that the two conies each meet the plane in question in the same two coincident points,

that is they each touch the plane y = at the same point, viz. the point given by the

equations _ _
Va aa; + V7 cz = V— «/37,

a Va aa; — 7 V7 C2 = ;

7 V7 a Va
viz. this is the point, ax—r—— , ce = —,---- 1 which is one of tlic umbilicar centres^ V-/3 V-^

(»V-'^.cV-|),
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and the common tangent at this point is

Va ax + Vy C2 = V — a/^7,

which is also the common tangent of the ellipse and evolute in the plane y = 0.

66. It has been seen that the nodal curve meets each principal conic at four outcrops,

which points are cusps of the nodal curve : it is to be further shown that the nodal

curve meets each of the 8 cuspidal conies in four points (giving 32 new points, which

may be called 'outcrops,' the 16 points heretofore so called being distinguished as tlie

principal outctops or 16 outcrops, and the points now in question as the 32 outcrops), which

points are cusps of the nodal curve.

In fact to obtain the intersections of the nodal curve with the 8 cuspidal conies,

we must in the equation of the nodal curve, or (what is the same thing) in the expressions

of f, i; in terms of cr, write ij = f

.

67. Putting for shortness,

^_ (7-a)V(^-l)(3.r-2)
*

Xi<r + ya '

and as before

^ "'
o-(3o--2)

we have thus

3(. +-^V._^)
V 7 - g/ \ 7 - g/

a (.3o- - 2)

or, what is the same thing,

0(H-3>S)-l+V;S{0(3 + ,?) + l]=O:

we have without difficulty

e(3 + S)+l =-^W-6.' + 4. +^l,
ilo- + 7a

( (7 - a)'']

0(I + 3V^)-1= 1 'l^ldl 1^
so that the resulting equation contains the factor

omitting it, the equation becomes

y;r^;i_^ (3.- 2)i^ V;W3 {3.' - 6.= + 4. +^j^= 0,

or putting for shortness -.—^—^,~M, and rationalising, this is
(7-a)

- (a" - 2o-- if
)
(3o- - 2)V+ 3 (3<7' - Go-- + 4a- + ilf)'= = 0,

and, working this out, the terms in a^, a^ disappear, and the result is

(36 + 273/ ) 0-* - (64 + 36J/) (r' + 32<7'' + 1 6J/a + 3.1/'= 0,

or, as this may also be written,

45—2
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3Ji - + J/ (27(7* - Mct' + 160-) + 4 (9o-* - 160-' + 80-') = 0,

a quartic equation in cr : to each of the 4 roots there correspond 8 intersections, viz. there

will be in all S2 intersections, lying in 4's upon the 8 cuspidal conies.

68. To show that these points are cusps, or stationary points on the nodal curve,

starting from the expressions of — ^ya'x- &c. in terms of a- we have, first for di/,

2'^V_^ (1,2 3 (7 - g)' fl 6_ I~
y
~ V-1 o-'*'(7-a)V + 3a7 ila+ya 3o--2j'

or, as this may be written,

2di/_. ( 1 ^2 _J2 4 + 3J/ 6_1
~^ \a--l <r'^i<7 + SM (4 + 3J7)o- + J/ 3(r-2j'

, , 3(r'-6o- + 4 {3i+2iM)a-92r- ]

3o-' - 5a^ + 2a ^ (16 + 12My + (16.1/ + 9J/*) a + 321 ')

'

_ da- . 4 {(36 + 27M) <T* - (64 + 36 i>/ ) a' + 32o-° + 16J/o- + 3Jr}

o- (o- - 1) (3cr - 2) (4o- + 3Jr
) {

(4 + 3Jf ) o- +Jf
j

viz. the numerator vanishes when o- is a root of the quai-tic equation.

69. We have next

7 — a

— a) <r-

which, putting
'^ = B, and therefore = i? - 1, and -5 = C, is

^ °7-a 7-

a

p-7
3 4 + 33/

= d<T \—-^ ^+ ^ +
0- + 5-1 0--2JS •^0-+ C (4 + 3J/)(r + J

3
and adding the fractions except ^, the numerator is

o-'(27ilffi + 365-4)

+ <7 {54 (S^ - B) M + 725" - SOJS + 8j

+ 4J/-16£'' + 16-B,

whicli observing that B^—B^^ 21 \s

cr=(27J/5+36/?-4)

+ o- (?- If* + 18J/- 85 + sV

and, substituting for 21 and i? their values, this is found to be

4 (27 + a)' , 8(27 + a)'a—
ff H ; rvi— '^1

6_|
21 3o- - 2j

'

(7-«r (7-«)*

*'-'+''',f.+
-

(7 - a/ \, 7
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70. Hence observing that (7=5 =-r

—

'—
, the whole coefficient of Jo- isp-y zy + a

IS

(y-af \ 7-
—-3- o- H o-
a)-* V y-ci J

+(Sa-2)(a + £-l){<T--2B)[(32I+4)a + JI]'^a+ C
and the numerator of this is

4.(2y+ay

y

+ 3 (So- - 2) (<7= - o- - 1 Jf- 5o-) ((3J/+ 4) o- + 3/},

which is

= 3 (3o- - 2) (a= - <7 - i 3/; {(3J/+ 4) <7 + J/},

+ 0- _35(3<T-2) {(3il/+4)o- + Jf},

4(27 + a)V ,

2a N „ ^ T
+ ^-X—/ 0- + —— (27 + ao--7) :

(7-a) \ 7-«/ J

the term in
} }

is

-,.7../.3C,..i?^']

+ 0-

-f

(7.

4(27 + a)V .. ,
2a (27 + a)4 (2-7 + a r /

7 — a

653/-
8 (27 + lY 72'

17 - «)'

which is found to be

= - 4c7' + <7 (8 + 15J/+ "i J\r) - 23/- 1 M\

and the whole numerator is thus

3 (3o- - 2) (<7= - <7 - i 3/) [(33/+ 4) o- + M]

- 4a' + cr^ (8 + 15if+ %^ M') + cr ( - 23/ - f 3/'),

which is

= (36 + 273/) a* - (64 + 363/) <r= + 320-" + 163/o- + 33/'.

71. We have thus

2dx , (36 + 273/) <T* - (64 + 363/)
0-° + 32(7° + 163/o- + 33/'

X
a {a -I) (3<7 - 2) (4a + 33/) {(4 + 33/) a + 21} (a +^^

and thence also

2dz , (36 + 273/) a* - (64 + 363/) a' + 32a-' + 1 63/a + 33/'
— •—- = aa ~~

z
(a - 1) (3a - 2) (4a + 33/) ((4 + 33/) a + 3/} (a -^)
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so that dx and dz also vanish when tr is a root of the quartic equation: the points

in question are therefore cusps of the nodal curve.

Centro-surface as the envelope of the quadric 2a''j;*(a'+ ^)~° = 1. Art. Nos. 72 to 76.

72. The equations - ^yarx'^ {a: + ^Y {a" + v), &c. considering therein ^, rj as variable

give the centro-surface: considering 17 as a given constant but ^ as variable they give

the sequential centro-curve ; and considering ^ as a given constant but 7) as variable they

give the concomitant ccntro-curve.

73. Suppose first that 7? is a given constant ; to eliminate ^ we may write the

equations in the form

- (/87)4 {ax)^ (a= + v)'^ = («' + ?)> &c.,

and then multiplying first by a {a^ + rf), &c. and adding, and secondly by a, &c., and adding

(observing that Sa (a^ + ^) (a' +'?)=- a/87, 2a [a^ + ^) = 0) ; we have

2 (aaxf (a' + l)"^ = 0,

which equations, considering therein 77 as a given constant, are the equations of a sequential

centro-curve.

If from the two equations we eliminate tj we should have the equation of the centro-

surface ; the second equation is the derivative of the first in regard to 77 ; and it thus

appears that the equation of the centro-surface might be obtained by equating to zero

the discriminant of the rationalised function

norm. [(2 {aax)^ («" -f 7?)^j - (a/37)^]

;

but the form is too inconvenient to be of any use.

74. Taking next ^ as a given constant ; and writing the equations in the form

- /SvaV (a' + ?)-' = (a^ + t,), &c.,

then multiplying by a (ft" -f ^), &c. and adding ; and again multiplying by 0, &c. and

adding, we have

2aV(a'H-fr=l,

2aV(a'-H^r = 0;

or writing these equations at full length,

(a'+rr'^(i*+fr"^(c'-nr

which equations, considering therein f as a constant, are the equations of any concomitant

centro-curve : since the equations are each of the second order it thus appears that tlie

concomitant centre-curves are ([uadri-quadrics.
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75. If from the two equations we eliminate ^, we have the equation of the centro-

surface ; the second equation is the derivative of the first in regard to | ; and it thus

appears that the equation of the centro-surface is obtained by equating to zero the dis-

criminant in regard to ^ of the integralised function

(«= + ^r ih' + B' io' + ^r {(SaV (a' + ^)- - 1},

or, what is the same thing, the discriminant of the sextic function

{a' + ^y {h' + ^y (c^

+

^y - SaV (t' + ^y [c^ + ^y.

76. If instead hereof we consider the homogeneous function

w' («'

+

^y ib' + ^y (c»

+

^f - Sav {b' + ^y (c= + ^y,

then the coefficients are of the second order in {x, y, z, to), and the discriminant, being

of the tenth order in the coefficients, is of the order 20 in (a-, y, z, ic). But the sextic

function has a twofold factor (l + — ) ii ic" = 0, and it has evidently a twofold factor

if X* = or y' = or s^ = 0, that is, the discriminant contains the factor x-y'^z'u/ ; or,

omitting this factor, it will be of the order 12 in (x, y, z, w) ; whence writing w = 1, the

centro-smface is of the order 12. I have in this manner actually obtained the equation

of the centro-surface : see the memoir " On a certain Sextic Torse," Camh. Phil. Trans, t. xi.

(1871), pp. .507—523.

Another generation of the Centro-surface. Art. Nos. 77 to 83.

77. By what precedes the equation of the centro-surface is obtained as the condition

in order that the equation

[la-x' {a' + ^y} -1=0

may have two equal roots. But taking m an arbitrary constant, this is the derived

equation of

{2aV(aV?n + ^ + «i = 0,

and as such it will have two equal roots 'if the last-mentioned equation has three equal

roots ; and conversely, we have thus the equation of the centro-surface by expressing that

the last-mentioned equation, or, what is the same thing, the quartic equation

(I + "0 (I + «*) (I + b') (I + c=) - SaV (I + b") (f + c') =

has three equal roots. The condition for this is that the quadrinvariant and the cubin-

variant shall each of them vanish ; the two invariants are respectively a quadric and a cul)ic

function of m; viz. the equations are

(a, b, c){m, 1)' = 0, (a, b\ c, d') {in, l)'=-0;

where the degrees in {x, y, z) of a, b, c are 0, 2, i and those of a, b', c\ d' are 0, 2, 4,

respectively: the equation of the centro-surface then is

a, b, c

a, b, c

a, b, c

a, b', c, d'

a, b', c, d'

= 0,
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which is of the right order 12; but it -would be difficult to obtain thereby the developed

equation.

78. For the nodal cur\'e the cubic equation must be satisfied by each root of the

quadric equation, or, what is the same thing, the quadric function must completely divide

the cubic function; the conditions are

a, b, =0,

a, b, c,

a, b', c , d

whei'e the degrees may be taken to be

- 2, 0, 2, 4

0, 2, 4, 6

0, 2, 4, 6

and the order of the nodal cur^'e is thus = 24 : two of the equations in fact are

= 0,a,
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80. Considering then the quadric surface V=Q, depending on the parameters ^, m;
suppose that wi remains constant while ^ alone varies; we have thus three consecutive

surfaces V=0, V'—O, V" = 0; and these I say intersect in a point of the centro-surface
;

the point in question will depend on the two parameters (^, m), and if these vary simul-

taneously we have the whole system of points on the centro-surface; hut if only one of

them varies, the other being constant, we have a curve on the centro-surface.

The three equations may be replaced by T'= 0, B^V=0, 6/F=0; of which the first

alone contains m; and it thus appears that if m be the variable parameter, the equations

of the curve are B(V=0, 8/F=0, viz. the curve is then the quadriquadric curve which

is the concomitant centro-curve of the curve of curvature for the parameter f. But if the

variable parameter be f, then this is a curve on the 12-thic surface n = obtained by the

elimination of ^ from the equations T'=0, S^V = ; viz. we have D,= S' — T' = 0, where

S={a, I, c){rii, l)^ T={a, b', c, d'){m, 1)', and the curve in question is the curve S= 0,

T=0, which is the cuspidal curve on the surface n = 0; the elimination of m from the

two equations S=0, T=0 gives as above the equation of the centro-surface.

81. The surface n = /8'^— ^ = obtained as above by the elimination of f from the

equations V=0, SjF=0, (or, what is the same thing, by equating to zero the discriminant

of V in regard to f,) may be termed the sociate-surface : we have then the quartic and

sextic surfaces S = Q, T=0 intersecting in the before-mentioned curve, which may be called

the sociate-edge ; and the loons of these soeiate-edges is the centro-surface.

82. We may if we please, changing the parameter in one of the functions, consider

the two series of surfaces S=0, T=Q depending on the parameters m, m respectively:

a surface of the first series will correspond to one of the second series when the para-

meters are equal, m = in, and we have then a sociate-edge. Taking a point anywhere in

space, through this point there pass two surfaces jib'= 0, and three surfaces T=0; but

there is no pair of corresponding surfaces, or sociate-edge. If however the point be taken

anywhere on the centro-surface, then there is a pair of corresponding surfaces S=0, T = ;

that is, through each point of the centro-surface there passes a single sociate-edge; and if

the point be taken anywhere on the nodal curve of the centro-surface, then there are two

pairs of corresponding surfaces ; that is, through each point of the nodal curve there are

two sociate-edges : this explains the method above made use of for finding the equations

of the nodal curve, by giving to the equations S=0, T=0, considered as equations in 7u,

two equal roots.

83. The Or'posteriori verification that the surfaces V=Q, F' = 0, F"=0 intersect in

a point of the centro-surface, is not without interest; the parameters ^,, »?, of the point

of intersection are found to be J,
= ^, 7)^ = m — d* — ¥—c' — '^^; whence in the equation F= 0,

writing — /37a*x^ = (a"
-|- f,)'' (a' -I- ?;

J and »» = a° + 6^+ c"-f S^j + t;^, the resulting equation con-

sidered as an equation in ^ should have three roots f = ^, : the fourth root is at once

seen to be ^ = '7,, and we ought therefore to have identically

Vol. XII. Part I. 46
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a +^

and bv decomposing the right-hand side into its component fractions this is at once seen

to be true.

Third generation of the Centro-surface. Art. Nos. Si and 8-5.

Si. Instead of the foregoing equation V= 0, consider the equation

The equations d(W=0, d(^W=0 contain only ^, and are in fact identical!}- the same as

the equations d F= 0, dfV = 0; the elimination of ^ from the equations d|T'=0, d^°W=0

would therefore lead to the equation of the centro-surface: and the centro-suiface is

connected with the surfaces TF=0, 8|Tr=0, d^W=0 and the parameters ^, 17 in the

same way as it is with the surfaces F=0, d^V=0, dfV^O and the parameters f, m.

That is, if from the equations W=0, d(W=0 we eliminate f we have a surface n =

(depending upon 7?) and having a cuspidal curve ; and the locus of the cuspidal curve

(as Tj varies) is the centro-surface. But the equation Tr= divides by f - -7, and throwing

out this factor it becomes

«-^
-+., ^t .+.. ::% .-i=o>

(a* + ^) (a' + v)^ {b" + B (P' + v) (c^ + ^) {c' + v)

so that the surface 0=0 is obtained by eliminating ^ from this equation and the derived

equation in regard to ^; or, what is the same thing, by equating to zero the discriminant

in regard to ^ of the cubic function

this surface is in fact the torse generated by the normals at the several points of the.

curve of curvature belonging to the parameter 17 ; the cuspidal curve is the edge of

retTession of this torse, that is, it is the sequential centro-curve of the curve of curvature;

and we thus fall back upon the original investigation for the centro-surface.

85. In verification I remark that if X, Y, Z be the coordinates of a point on the

curve of curvature in question, and (x, y, z) current coordinates, then the tangent plane

of the torse, or plane through the normal and the tangent of the curve of curvature,

has for its equation
Xx Yy Zz

a» + ^ + 6» + , + c'-l-7;

and if in this equation we consider the point (A' Y, Z) to be the point belonging to

the parameters (v, ^), viz. if we have - fiyX' = a- {a^+^) {a' + r}), &c., then this plane

will be always touched by the before-mentioned ellipsoid,

«v jy
,

^'--'

1-

(a'-^f) {a'+v) (6' + ?) (*'+'?} (c" + f) {<y+v)
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the condition for the contact in fact is

viz. substituting for (A', Y, Z) their vahies, this is

wliich is true. And this being so the ellipsoid and the plane have each the same

envelope, viz. this is the torse in question.

Eeciprocal Surface. Art. No. 86.

86. The centro-surface is the envelope of

a

V

Fit c-z" _ 1 _ f^

.

hence the reciprocal surface in regard to the sphere x' + / + s' — A;" = 0, is the enve-

lope of

that is

a c

aM'-^ + Jr Y' + c^^= -h' + 2^ (A'= + r= + Z"-) + f f^' + ^' + ^) = '*'

viz. the envelope is

{a'X' + h' Y' + &Z' - iO ('^^- + li" + 5) - ^^ ' + i^' + ^'i' = '^'

or, expanding and multiplying by a°h~<r, this is

a' {¥ - cy Y'Z' + ¥ {c' - cr) Z'X' + c^ {a^ - hj X'Y^

- k* {hV X' + cV Y' + a'b' Z') = 0,

or, what is the same thing,

aV Y'Z' + h""^' Z'X"- + 0^7^ X'Y^ - ¥ Qrc' X' + ca' Y' + d'V Z"-) = 0,

which may be written

a^ Y'Z^ + VZ-'X' + eX' Y' + PX' + g- Y' + h'Z' = 0,

where (a, b, c, f, g, h) = (aa, t/3, cy, 2k-bc, -IJc^ca, ik-ah),

and consequently, af + bg + ch = 2FaJc (a + /3 + 7) = 0.

It would doubtless be interesting to discuss this surface as it here presents itself,

and with reference to its geometrical signification as the locus of the pole, in regard to

the sphere, of the plane through two intersecting consecutive normals of the ellipsoid:

but I abstain from any consideration of the question.

46—2
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Delineation of the centro-surface for given numerical values of the semiaxes. Art. Nos. 87

and 88.

87. I constructed on a large scale a drawing of the centro-surface for the values

a» = 50, &' = 25, c' = 1.5.

(These were chosen so that a, b, c should have approximately the integer values 7, 5, 4,

and that a' + c' should be well gi-eater than 2b'- ; they give a good form of surface, though

perhaps a better selection might have been made; there is a slight objection to the

existence of the relation a' = 26^ as in the a;y-section it brings a cusp of the evolute on

the ellipse). We have therefore

a = 10, ,3 = - 35, 7 = 25
;

the ellipses in the principal planes of the centro-surface are

(5f^ (8-9.37)^ '

(2.582)'
"^

(3-535)' '

f _
4- -^ = 1

(4-950)' ' (2)'

and these determine on each axis the two points which are the cusps of the evolutes.

We have moreover for the umbilicar centre a; = 2'988, y = Q, z = 1-380, and for the outcrop

a; = 1127, y = l-947, 3 = 0.

88. For the delineation of the nodal curve (crunodal portion) we have first to find the

values of f, ^^\ these are given in terms of x, y ante No. 33, where y is a given function

of x, and x extends between the values {
- t' and — J («' -)-S'-f-c')} —25 and — 26f . It

was thought sufficient to divide the interval into 6 equal parts, that is, the values of x

were taken to be —25, — 25-.3, ...-26-6. The values of ^, f, being found, those of r], t?,

were obtained from them by means of the original equations (a''+f)'(a''+»7) = (a"-(-^,)(a'-t-77) &c.

viz. we have thus for the determination of 77, 17, three simple equations, affording a

verification of each other.

For the performance of these calculations (viz. of the values of y, f, f,, 17, 17,) I

am indebted to the kindness of Mr J. W. L. Glaisher, of Trinity College. The

results being obtained it is then easy to calculate as well the co-ordinates (a-, y, z) of

the point on the nodal curve as also the co-ordinates {X, Y, Z) and (A^ \\, Z^ of

the corresponding two points on the ellipsoid (these last are of course not required for

the delineation of the nodal curve, but it was interesting to obtain them). The whole series

of the results is given in the annexed Table, and from them the drawing was constructed.
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I find also in the neighbourhood of the umbilicar centre (if ^ =

Sx = -02868 q\

Si/=± -02484. q\

Sz= -02191 g'.

and iu the neighbourhood of the outcrop if ^j = — 38-333 +^ w,

Sx= 1-127 13-,

Sj/ = — 1 -TO-t CT,

Ss = + 4-.5S2 wi

25 + 2),

X



On Db. Wiexer's Model of a cubic surface with 27 real lines; and on the

construction of a double-sixer. By Prof. Catley.

[Eead Jlay 15, 1871.]

I CALL to mind that a cubic surface has upon it in general 2" lines which may be

all of them real. We may out of the 27 lines (and that in 36 different ways) select

12 lines forming a " double-sixer," viz. denoting such a system of lines by

«n <i;. O3. On ^55 os.

bi, b^, 63. h, 65, 6jj;

then no two lines a meet each other, nor any two lines 6, but each line a meets each line 6,

except that the two lines of a pair {a^, bj), {a,, 6^), ... (a^, b^) do not meet each other. And

such a system of twelve lines leads at once to the remaining fifteen lines ; viz. we have a line

c„, the intersection of the planes which contain the pairs of lines (aj, 6,) and (a^j 61) respec-

tively.

The model is formed of plaster, and is contained within a cube, the edge of which is

= 18-2 inches: the lines a, b, c are colored blue, yellow, and red respectively; the lines

a,, bi, 65 being at right angles to each other, in such wise that taking the origin at the

centre of the cube, the axes parallel to the edges, and the unit of length = 1*(5 inches,

the equations of these three lines are

a„ 0? = 0, // = 0,

b:., ,V = 0, S = I,

fcj, y = 0, z = - \.

The model is a solid figure bounded by portions of the faces of the cube, and by a

portion of the cubic surface, being a surface with three apertures, the collocation of wiiich

is not easily explained.

To determine the construction I measured on the faces of the cube, the coordinates of

the two extremities of each of the twelve lines; these were measured in tenths of an inch
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(taking account of the half division, or twentieth of an inch), and the resulting numbers

divided by l6 to reduce them to the before-mentioned unit of 1-6 inches. These reduced

values are shewn in the table : knowing then tlie coordinates of two points on each line,

the equations of the several lines became calculable ; the true theoretical form of these

results— (viz. the form which, but for errors of the model, or of the measurement, they would

have assumed)— is

J„ X = B^z + D, y = Bi's; + D',

b-i, iT = 0, ^ = 1,

b„ x=B,{z + /Ss), y = B^ iz + (i,^,

5„ x = B,{z + (i,), y = B:(z + fi,),

K «/ = 0, ~ = - 1,

b„ x = B,{z + /3,), y = B/ {z + (3,).

Op a? = 0, y = 0,

x = A,z+ C,, y = A^ {z - 1),

.v = J,(z+:), y = A^'(z--i),

w=A,iz+l), y = A:{z-\),

x= A:,{z Jr\), y = ^/ z + C/,

x=A^{z + l), y = A^{z-\)%

but in consequence of such errors, the results are not accurately of the form in question.

The faces of the cube being as in the diagram

X
k^

jr 's

-^-vC

s

the Table is
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Equations calculated from

the measurements of the

model.
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Oi, a; = - 2-506 (z + l),

y=- •841(2r-l),

a^, X = ^874 (« + 1),

y = - -967 Z - •288,

«6, •*= •170(ar + l),

y=--071(«-l);

and thence for the points of intersection the coordinates are

fc, 62 63 64

Ol
-;c-
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which as will appear is a very convenient one for the purpose; we in fact obtain at once

eight lines of the double-sixer ; viz. these are

1 . .x- = 0, w = 0,

3. y=0, z = 0,

a p yd
6- ~ - |, = 0, - - y = 0,

a p yd

2 . a; = 0, y = 0,

4'. X = 0, w = 0,

X w y sg

5. -,- Kr = 0, ~-~ =0,ad P 7

6' f_--o y - 1 -
a i> fi y '

and also five lines not belonging to the double-sixer, viz.

12.

23.

34.

41.

56.

y X w\ 1

"=^' [-^^y--^)M-H-]3'-y- S'JWS'

im X w\ 1 Ix z w\ 1

y = 0, -+-_ k[- +- -j] -^, = 0,
\a y / ay \a y o J ay

/.v y w\ 1 tx y w\ \

(X y 2N 1 , IX y x\ I

^^ = 0, --|., + - t __! + ___ = 0,
\a p y I ay \a p y) ay

X y X w X y X w
a p y o a p y o

7^ = 0>

The remaining lines of the double-sixer are then easily determined ; viz. the lines 3, 5, 6,

and 12 are met by the line 2', and by a second line l' ; this, as a line meeting 3, 5, 6, will

be given by equations of the form

and observing that these equations, writing therein a; = 0, give

X w a
y^ -, - w = - i7¥z:y

^'S-cp"'y S 13^"' y' }>

the condition of intersection with the line 12 gives

a — ka

which is the value of (p in the foregoing equations : and to these we may join the resulting

equation

yyy' (a/3' - «'/3) = #/3/3' (7^' - 7'^).

47—2
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Proceeding in like manner for the lines s', 2, 4, the equations for the remaining four lines

of the double-sixer are

<?> = ^
1 — kc

fi'-kfi'

X — to

/3

^ \ 7

y' _ ley
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The equations of the remaining ten lines of the surface may be obtained without difficulty

and also the forty-five triple planes, but I do not stop to effect this; the planes w = 0, « =
s = 0, w = 0, are, it is clear, triple planes, containing the lines 1, 2', 12; 2', 3, 23; 3 4.' 34-

and 4', 1, 41 respectively.

If, to fix the ideas, the planes a) = 0, y = 0, s =0, to = are taken to be those of the tetrahe-

dron ABCD {x = BCD &c., as usual), then the edges AB, BC, CD, DA (but not the remain-

ing opposite edges AC, BD) will be lines on the surface. Each plane of the tetrahedron, for

instance ABC {w = 0), is met by the ten lines not contained therein in two vertices A, C
three points on the edge BA, three points on the edge BC, and two other points, viz. these

are the intersections of the plane ABC by the lines 4 and l'. For the construction of a model

it is sufficient to determine the three points on each edge, and the two points say in the plane

ABC, and in the plane Z)SC {x = 0) respectively, for then each of the remaining eio-ht lines will

be determined as a line joining two points in these two planes respectively. If in the first

instance k is considered as a variable parameter, then the two points in the plane w = are

given as the intersections of two fixed lines by a variable line (14) rotating round the fixed

X y z X y « J 1 i-i
point n^- =0> o + ~ =^' ^"^ t"^ "'^s 3S regards the two points in the plane x = 0.

a p y a p y * ^

By making with assumed values of the other parameters the proper drawings for the two

planes w = 0, x = 0, it is easy to fix upon a convenient value of the parameter k ; and
I have in this manner succeeded in making a string model of the double-sixer; viz., the

coordinates .r, y, z, w were taken to be as the perpendicular distances of the current point

from the faces of a regular tetrahedron (the coordinates being positive for an interior point);

the values of a, /3, 7, ^ were put = 3, 4, 5, 6 and those of a, fi', 7', ^' = 1, 1, 1, 1; the value

of k fixed upon as above was k = —1; this however brings the lines 2 and 4 too close too-ether

(viz., the shortest distance between them is not great enough), and also their apparent inter-

section too close to their intersections with the line G'; and it is probable that a slightly

different value of k would be better.
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The results just obtained may be exhibited in a compendious form as follows:
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the face of the tetrahedron, or say in the plane of an equilateral triangle, then the sum

of the coordinates is made = 86*6, and the three coordinates thus denote the perpendi-

cular distances from the sides of the triangle.

III.

It is possible to find on a cubic curve a double-sixer of points 1, 2, S, 4, 5, 6 and

l', 2', S', 4', o', () such that any six points such as 1, 2, 3, 4', 5', 6' lie in a conic. In fact con-

sidering a cubic surface having upon it the double-sixer of lines 1,2,3,4,5,6 and l', 2', s', 4', 5', 6',

the section by any plane is a cubic curve meeting the lines, say in the points 1, 2, 3, 4, 5, 6,

l', 2', s', i', o, 6': each of the lines I, 2, 3 meets each of the lines 4', 5', 6', and consequently

the six lines lie in a quadric surface: therefore the points 1, 2, 3, 4', 5', 6' lie in a conic:

and so in the other cases ; the number of the conies is of course = 60.

The cubic curve may be a given curve, and six of the points upon it (not being points on

a conic) may also be taken to be given; for instance the points 1, 2, 3, l' 4', s'. For take

through the points 2, 3 respectively any two lines 1,2; through l', 4', 5' respectively the lines

l', 4', 5' each meeting each of the lines 2, 3: and through 1 a line meeting eacli of the lines

4,', 5'. It is easy to see that a cubic surface may be drawn through the cubic curve and the

lines 1, 2, 3, 1', 4', 5': for the passage through the cubic curve is 9 conditions; the surface

then passes through the point 2 and to make it pass through tlie line 2 is 3 conditions; simi-

larly the surface passes through the point 3, and to make it pass through the line 3 is 3

conditions. The surface now passes through l' and through the points of intersection of the

line 1' with the lines 2, 3: to make it pass through the line l' is 1 condition; similarly to make

it pass through the lines 4', o', 1 is in each case 1 condition; or there are in all 19 conditions,

so that the cubic surface is completely determined. Take now through the points 1, 2, 3, 4', 5',

a conic meeting the cubic in the point 6': then through the lines 1, 2, 3, 4', 5' we have a quadric

surface passing through this conic, and therefore through 6': hence through 6' we may draw

a line 6' meeting each of the lines 1, 2, 3; and since the cubic surface passes through the point

6' and also through the intersections of the line 6' with the lines 1, 2, 3, it passes through the

line &. We complete in this manner by constructions in the plane of the cubic the system of

the twelve points, viz., each new point is given as the intersection of the cubic curve by a

conic drawn through five points of the cubic curve; and it is then shown as for the point &

and the line 6' through it, that through each new point there can be drawn a line denoted by

the same number and meeting each of the lines which it ought to meet, and hence lying on the

cubic surface: the twelve points are thus the intersections of the plane of the cubic curve by

the twelve lines of the double-sixer; and it follows that the six points which ought to lie in a

conic (in every case where such conic has not been used in the plane construction) do actually

lie in a conic.

I was anxious to construct such a double-sixer of pounds on a cubic curve; for tliis

purpose I take the equation of the curve to be j/" = ( 1 - -
J

( • -
, I (

1

)
> °^ ^^y for

shortness y' = -V; where, to fi.t the ideas, a, b are supposed to be positive, a greater than 6;

and c to be negitive.
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The cubic curve is thus a parabola symmetrical in regard to the axis of x, and consisting

of a loop and infinite branch; and I take upon it the points 1, 2, 3, l', 4.', 5' as shown in the

figure, viz., the coordinates of these points are as stated in the Table, where m is the x coordi-

nate, and JM = \/ ll )(l""r)(l ) ^"'^ ®° ^" other cases, \/l4 = 3-74165,

X y X y

1

2

3

4

5'

6'

m
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Startino- with the points 1,2, 3, l', 4', 5' we have to find the remaining points 6', 6, 4, 5,

2', 3'.

Point 6' by means of the conic 1234'5'6.

The equation of the conic is

{x - b) Or — c)-bcrf + k ay = 0, (2, 3, 4', 5'),

and making this pass through the point 1 (.v = m, y = \/M) we find

{m-b){ni-c) + ka\/M=0. (l).

Hence taking the coordinates of 6' to be m^, \/M, we have

(?«i
— b) (»»i — c) + ka \/M^ = 0, (6"),

and thence

\/i^i _ (»i, — 6) (wj— c) Ml {in — a)

\/M {nh — h) (m —c) M {m^ — a)
'

that is

\/Mi (m, — 6) (?Mj— c) 772,— a

v/.'l/ ('"^ — 6) (to — c) m — «'

we have thus for m, a quadric equation satisfied by ni = mi, so that throwing out the factor

m — mi, the equation is a linear one, viz., we find

via — ab — ac + bc
mi= ,m — a

or what is the same thing

(a — 6) (n — c)

and thence also

(a-b)(a-c)

viz., \/3/, is determined rationally in terms of ni, ^/M; this is of course as it should be, since

the point (^' is uniquely determinate.

Point 6 by means of the conic 236l'4'5'.

In precisely the same manner tlie coordinates are mj, — v/jW,, where to,, \/j1/, denote as

before.

Point 4 by means of the conic 234l'5'6'.

The equation of the conic is

1 _w^
Fx + Gy + H = , (2, 3),
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Fb +H=\, (5')

Fm, + G x/M, +-H = '

,

(6')

Fm-G\/M+H = , (l')m
whicli give without difficulty

abc F=-a-c + P,

y/M abc G = {m - b) (-m + P),

abc H = ab+ ac + bc - bP,

where P = 2a - c — ^—
^ —

, a quantity which will presently be expressed in terms
m + »w, - 2c

of m only.

And then

or say

Fe + GVe + H=^ ^

F {e-b) + Gy/e =

e
'

i-e 1

e b

\ab be abc /'

that is

viz., that is

{6 - b) {abc F + a + c-e)-i- G abc \/e = 0,

v/e
ie -b) (P - 6) ^ (m - b)^ (P - m) =0

or, rationalising and throwing out the factor 6 — b,

this is

(9 -a) (9- b)

{9 b) id - Py - (m - 6) (m - Pf j ^7 ^ = 0,

which is a cubic equation satisfied by9 = m and ^ = m, ; so that throwing out the factors

9 — m, 9 — nil we have for 9 a linear equation.

Putting for shortness

j
J = (to — fl)'^ - (a - 6) (a - c),

{ B = {m-by-(b-c){b - a),

\C={m- cf - (c -a) {c- b),

48—2



c*
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2 (m — 6) (m — c) (a — b)Q-b

Q— m = —

<P-Q= -

B

A (m-b)

B '

2 (m — b) (m-c) C (a-b)

B"

and

v/<t= 2\/j/(c-6)(6-a)^,

which determine (p, \/<P.

Point s' by means of conic ISGsVs'.

Equation of conic is

F.v + Gy + H =
^''-'^^'̂ --^, (4', 50

y

and we have

G + H=bc, (2)

. (m— b) (m — c)

Fm + G\/M+ H= -~^ , (1)

— (m, — 6) (m, — c)

Fm,-Gx/M, + H= ^ ' _^~ '
,

(fi).

Eliminating F, we have

m, {m — 5) (»j — c) m (m, — 6) (m, _ c)
G (m. \/J/+ m ^M,) + i/ (m- wj =

^j^
+ ^^

which is easily reduced first to

Zmm^-a(m + m^ {m - a) (m - b)
G ——^

, ^- + H (m- m^ = {m + m^- -^ -

and then to

G {aA + 2m (a— b) (a - c)\ —H -— ._ + dbc \- A + 2m {m - a)\ =0

and combining herewith G + H = bc, we have

26c in [a (m - a) + (a - h) (a - c)']

7x / X
{jn- a) A

aA + 2m (a - 6) {a - c) + —y=^—VM
G^bc- H;
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and we have then

F (»! + m,) + G {y/M - V^x) + 2i7=0,

that is

A\/ XT
F \Zm (m-a) - A\ ^ G + 2 H{m - a) = 0,

or what is the same thing

F

We then have

A^M f Ay/M\
Xzmim - a)- A\ = -be H. <> 2{m - a) > •

F.v + H=y[-G + '
'-1

^J

f ^ abc\ y {Ha + Gat)
= y \

-G = -
V w — al x — a

that is

(F.r + Hr=- (^-^H'^-")
(//a + G.^.)^ or

abc {0! — a)

ahc {x - a) {Fx + Hf + (a; - b) (.r - c) {Gx + Haf = 0,

or, developing and throwing out the factor x, this is

+ + {2a GH- (b + c) G^ + abc F'\ x"

+ {a^ H' - 2a (6 + c) GH + bc G' + abc (zFH-aF')\ x

+ ^
_ (6 + c) «=//= + 2abc GH + abc {H'-2aFH)} = 0.

This must be satisfied by x = m,x = m^; hence the left hand must be = G- {x — tn){,v — m^){x — a),

or equating the constant terms we have

G^mmi (7 = aH{ — 2abc F + 2bc G + {bc-ab — ac) H\,

which gives a; and we then have

but I have not attempted the further reduction of these expressions.

The numerical values for the example are

-140 + 62v/l4 ^ -10 + 62^/^I „ -104V^14
~

5 +21y/i.i' 5+21^ii' S + v-'ll

whence <j as in the Table.
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Point 2' by means of conic 1362'4'5'.

The equation of the conic is

where

-G + H = -be, (3)

(m— h){m-c)
Fm + Gy/M + H= -^^ , (0

__ (m. - b) (wij - c)

Fm.-G^m.^H^^'^^^^ . (6)

which are the same as for point s', if only we reverse the signs of F, H and \/jW, v/J/,-

Hence the formulsE are

^hcm [g (m - «) + {a - b) {a - c)]

aA + 2m (a - b) {a - c) --

H = —__^ -—
,

{m — a)A

G = be +H,

^< , s ., , ^V/^ rr\ , s A\/M\
F {2m (m - a) - A\ = -be -^ H {2 (m - a) + -^ >,

'
' 7»— a I m - a )

G' mmi T = aH {
- 2abc F - 2bc G + {he - ab - ac) H\

,

which ffives t, and then

(r-a)

v/7^=G7T^a^^--^^^'

which are also unreduced.

The numerical values are

140+62\/l4, _ -10-62\/l4 „ -104\/l4
3F = Y~- , G = y^, H =

5-21y/l4' 5-21^]:i' 5-21^,4'

whence t as in the Table.



VI. Tables of the first 250 Bernoulli's Numhers {to nine figures) and

their logarithms {to ten figures). By J. W. L. Glaisher, B.A., F.E.A.S.

Fellow of Trinity College, Camhridge.

[Read May 29, 1871.]

The only table of the logarithms of Bernoulli''s Numbers that has hitherto been calcu-

lated with which the author is acquainted, is that given in Grunert's supplement to Kliigers

Worterbuch (Article, BernouUische Zahlen) ; it contains the logarithms of the first eighteen

numbers. This table, which is stated to be copied from Eytelwein's Higher Analysis, is

also reprinted in the Penny (and English) Cyclopaedia.

The present table which contains tiie logarithms of the first 250 Bernoulli's Numbers

to ten decimal places was constructed as follows

:

The first seven logarithms were found by merely taking out the logarithms of the corre-

sponding numbers ; the rest were calculated by means of the formula''''

2 (1 . 2...2n) / 1 1

(Stt)'" \ 2'„ 3'"

from which we obtain

log B„ = log 2 + log 1 + log 2... + log (2n) - Snlog (27r) + '^ (^ + ^ + •••
)

'

''where fx is the modulus •43429448...), the square and higher powers of

1 1

o'" Q^" '"

being insensible to 10 places, when n is greater than "•

Several of the logarithms were calculated by taking out the logarithms of tlie number

as well as by this method.

A table of the values of log (l . 2....r) as far as .r = 1200 to 18 decimal places, was

published by C. F. Degen, at Copenhagen, in 1824; this has been used in the construction

* There IB some cimfusioii in the notation for Utrnonlli's i sponils to /?...„- 1 in the other. Tlio former system is liore

Numbers; they are sonietimoa written Jl^, H„, B.^, &c., uud

sometimes /ii, i?a, Jl^, &c. £„ in the one system corre-

lulopted as being obviously the bettor.
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of the accompanying table, but every number quoted has been verified, to guard against

any misprint of Degen's.

The whole work has been performed in duplicate, and as the calculation was not of a

difScult nature, there is a high probability that the table is free from error.

It would have been easy to give more decimal places, but as there exists no printed

table of logarithms of natural numbers to more than ten figures, it seemed useless to calculate

the present logarithms farther ; the work was however extended to fifteen places, so that the

last figure (which has been corrected) is in all cases accurate.

The table in the Worterbuch was found to be very inaccurate ; the following is the list

of errors*.

In
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ITdbles of the first 250 Bernoulli's Numbers {to nine figures) and their

logarithms {to ten figures)^.

SUPPLEMENT. Added February 29, 1872.

[Read March 11, 1872.]

After the reading of this paper, which originally contained only the logarithms of the

first 250 Bernoulli's Numbers, it occurred to me that it would greatly increase the value of

the Table if the first nine or ten figures of the numbers themselves were also tabulated.

If only seven figures are required, the number is taken out from the logarithm so easily

that it is of no great consequence whether the numbers are or are not tabulated ; but if more

than seven figures are required, the case is very different. In the first place the operation

of taking out the number is far more laborious, and secondly, ten-figure logarithmic tables are

very difficult to procure. The only complete table is Vlacq's (often erroneously called Briggs's),

published at Gouda, 1628, and at London, with an English introduction, l631. This was

reprinted by Vega in his Thesaurus Logarithmorum Completus, Leipsic, 179^, but the form

is not quite so convenient as in the original. Both Vlacq and Vega are now very scarce.

The former, further, contains over -iOO errors which were found by M. Lefort, by comparison

with the great French Manuscript Tables, and published by him in tome iv. of the Annalea

de t Observatoire Imperial de Paris (1858), pp. [l48]..,[l50], and very many of these occur

also in Vega. The accompanying table of Bernoulli's Numbers was calculated from B^^

to .Bojo by taking out the numbers answering to the logarithms by Vlacq's table, the

logarithms corresponding to these numbers were then taken out from the same table and

compared with the originals, so that the verification was perfect.

The first five figures of the numbers were then read with Lefort's table of errata pre-

viously referred to and one error* found thereby was corrected.

* It coneaponded to B,^ ; log 44656 should be 649S7 98191

not 64987 48191. Since this paper was read 1 havo formed

a list of errata io Vlacq, supplemuutary to that given by

Lefort : see Monthly Notica of the Royal Attronomical

Society, for May and June, 1872.
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As the tenth figure, obtained by ten-figure logarithms, is not to be depended on as

accurate, it seemed best to reject it and only tabulate nine figures of the numbers.

The first eighteen Bernoulli's Numbers in the table were formed by division from the

exact numbers (as vulgar fractions) given by Ohm in Crelle's Journal, Vol. xx, p. 11. It

should be mentioned that Ohm has given the first thirty-one numbers, the values of the

first twenty-five of which have been verified rigorously, and the rest partially by a calculation

made by means of them for the determination of Euler's constant (^Proc. Roy. Soc. 1871, p. 514).

The numerals in square brackets denote the number of decimal places that follow the figures

tabulated before the decimal point; for example B^^^ is 161811355 followed by 401 figures

before the decimal point is reached, so that the integral portion of 5^^^ consists of 410

figures.

If a„ be the characteristic of log B„, then the quantity in square brackets corresponding

to B„ is a„ — 8 ; as there are altogether a„ + 1 figures before the decimal point, of which the

first nine are tabulated.

It may be remarked that the value of a table often consists as much in its insurinjr

accuracy, as in its saving the user the trouble of calculating any of the results tabulated.

Even if the formula from which a table is calculated is very simple and admits of ready

computation, it by no means follows that on that account the table is not worth constructing,

as although it may not save a great deal of labour, it gives an amount of confidence to the

consulter that he might not feel in his own calculations. This remark does not apply in

full force to the present case, as the calculation of the results was quite as laborious as in

the average of tables, but it affords one of the chief reasons that seemed to render it desirable

to supplement the logarithms by the numbers.

J. W. L. GLAISHEE.
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VII. Further Observations on the state of an Eye affected with a peculiar

malformation. By George Biddell Airy, M.A., LL.D., D.C.L., Honorary

Felloiv of Trinity College ; formerly Lucasian Projessor, late Flumian Pro-

fessor, in the University of Cambridge; Astronomer Royal.

[Read Feb. 12, 1872.]

Fob the method which I have employed now for the fourth time in examining the state

of the eye, I refer generally to my communication to the Cambridge Philosophical Society

dated 1825, February 5, A very minute hole is made, by the point of a fine needle, in a

blackened card, which is so pierced in another part that it can be slid upon a graduated scale,

of which one end abuts against the orbital bone of the eye ; the graduated scale thus giving a

very approximate measure of the distance of the minute hole from the cornea of the eye in

every experiment. With a properly-formed eye, and with the card raised between the eye and

the bright sky, the minute hole is seen, at the distance of distinct vision, as a brilliant point.

With the anomalous eye, the hole is seen at one distance as a nearly horizontal Hne pretty

sharply defined, and at a greater distance as a line at right angles to the former line (and thus

approaching to a vertical direction) pretty shaqDly defined. At no distance is it seen as a point.

To this form of refraction Dr Whewell gave the name of astigmatism, which it has since

retained.

Without further explanation, I will give the results of a late examination, in combination

with those of previous examinations, in the same form as in my paper of 1866, November 19

{Proceedings of the Camb. Phil. Soc. Ft. iv.).

I. Distance from the cornea of the left eye at which the luminous point presents the

appearance of a nearly horizontal line.

In 182.5, 3-5 inches; Reciprocal -286
uiff,,,^,, _ .073.

In 1846, 47 ;
-213

_ ^^^
1-1866,5-4 ; -185 •;;•;• _.^-;
In 1871, 5-6 ;

'l'^

II. Distance from the cornea of the left eye at which the luminous point presents the

appearance of a nearly vertical line.

In 1825, GO inches; Reciprocal = -166

, , _ Difference - •0o4.

In 1846, 8-9 ; 112
__^^^

In 1866, 10-6 ;
-094

_^.^yj.-

In 1871, 100 ;
100
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III. Measure of the astigmatic power of the left eye at different epochs ; estimated in

each case by the differences of the reciprocals for the same date in the two pre-

ceding tables.

In 1825, astigmatism = -120

In 1846, 101

In 1866, -091

In 1871, -079

Difference = -019.

-010.

012.

Reciprocal = •213
j^,^^^^^^^ ^ _ .,^,_

:: 185 +««^-

IV. Distance from the cornea of the right eye at which the luminous point is seen

distinctly.

In 1846, 4-7 inches

;

In 1866, 5-5 ...

In 1871, 5-4 ...,

Tiie changes in the last period of five years are small. The element which appears to have

undergone the greatest change is the astigmatism ; this result of observation is opposed to that

of earlier years.

I am inclined to think that the self-adjusting power of the eyes for different distances

is sensibly less than it was in 1866 ; and that the stigmatic refraction of the right eye is less

perfect than it was formerly.

G. B. AIRY.

EoYAL Observatory, Greenwich,

1871, December 27.
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I. On the geometrical representation of Cauchys theorems of Root-limitation.

By Professor Caylet,

(Read Feb. 16, 1874.]

There is contained in Caucby's Memoir " Calcul des Indices des Fouctions," Journ. de

VEcole Poll/tech. t. XV. (1837) a general theorem, which, though including a well-known

theorem in regard to the imaginary roots of a numerical equation, seems itself to have

been almost lost sight of. In the general theorem (say Cauchy's two-curve theorem) we

have in a plane two curves P = 0, Q = 0, and the real intersections of these two curves, or

say the "roots," are divided into two sets according as the Jacobian

clP.d„Q-d,Q.d^

is positive or negative, say these are the Jacobian-positive and the Jacobian-negative

roots: and the question is to determine for the roots within a given contour or circuit,

the difference of the numbers of the roots belonging to the two sets respectively.

In the particular theorem (say Cauchy's rhizic theorem) P and Q are the real part

and the coefficient of i in the imaginary part of a function of a; + iy with, in general,

imaginary coefficients (or, what is the same thing, we have P+iQ=f{x+{y) + tcfi{x + t7/),

where /, cj) are real functions of a; + iy) : the roots of necessity are of the same set : and

the question is to determine the number of roots within a given circuit.

In each case the reqiiired number is theoretically given by the same rule, viz., con-

p
sidering the fraction --^, it is the excess of the number of times that the fraction changes

from + to — over the number of times that it changes from — to +, as the point (x, y)

travels round the circuit, attending only to the changes which take place on a passage

through a point for which P is = 0.

In the case where the circuit is a polygon, and most easily when it is a rectangle

the sides of which are parallel to the two axes respectively, the excess in question can be

actually determined by means of an application of Sturm's theorem successively to each

side of the polygon, or rectangle.

Vol. XII. Pt. II. 51
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In the present memoir I reproduce the whole theorj'-, presenting it under a completely

geometrical form, viz. I establish between the two sets of roots the distinction of right- and

left-handed: and (availing myself of a notion due to Prof. Sylvester*) I give a geometrical

form to the theoretic rule, making it depend on the " intercalation" of the intersections of

the two curves with the circuit : I also complete the Sturmiau process in regard to the

sides of the rectangle : the memoir contains further researches in regard to the curves in

the case of the particular theorem, or say as to the rhizic curves P=0, Q = 0.

The General Theory. Articles Nos. 1 to 19.

1. Consider in a plane two curves P=0, Q=0 (P and Q each a rational and integral

function of x, y), which to fix the ideas I call the red curve and the blue curve re-

spectively •{•: the curve P = divides the plane into two sets of regions, say a positive set

for each of which P is positive, and a negative set for each of which P is negative : it

is of course immaterial which set is positive and which negative, since wiiting — P for P
the two sets would be interchanged : but taking P to be given, the two sets are distinguished

as above. And we may imagine the negative regions to be coloured red, the positive ones

being left uncoloured, or say they are white. Similarly the curve Q = divides the

plane into two sets of regions, the negative regions being coloured blue, and the positive

ones being left uncoloured, or say they are white. Taking account of the twofold division,

and considering the coincidence of red and blue as producing black, there will be four sets

of regions, which for convenience may be spoken of as sable, gules, argent, azure: viz. in

the figures we have
P Q

- +
+
+

sable, shown by cross lines,

gules, „ „ vertical lines,

+ argent, left white,

— azure, shown by horizontal lines,

sable and argent ( and + +) being thus positive colours, and gules and azure

(— + and + — ) negative colours. See figures towards end of Memoir.

2. Consider any point of intersection of the two curves. There will be about this

point four regions, sable and argent being opposite to each other, as also gules and azure

;

whence selecting an order

sable, gules, argent, azure

;

if to have the colours iu this order we have to go about the point, or root, right-handedly,

the root is right-handed : but if left-handedly, then the root is left-handed : or, what is more

* See his memoir, A theory of the Si/zygetie relations

<t<;. Phil. Trans. 1853. The Stnrmian process is by Sturm
and Cauchy applied to two independent functions (fa, fx of

a variable x ; but the notion of an intercalation as appUcd
to the order of Bucccssion of the roots of the equations

*W=0, /(J) = is duo to Sylvester, and it was he who
showed that what the Sturmian process determined was in

fact the intercalation of these roots : bat, not being concetoed

with circuits, he was not led to consider the intercalation

of a circuit.

t It is assumed throu<;hout that the two curves have no

points (or at least no real points) of multiple intersection

;

i. e. they nowhere touch each other, and neither curve

passes through a multiple point of the other curve.
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convenient, going always right-handedly, then, if the order of the colours is

sable, gules, argent, azure,

the root is right-handed : but if the order is

sable, azure, argent, gules,

the root is left-handed.

3. The distinction of right- and left-handed corresponds to the sign of the Jacobiau

and we may (reversing if necessary the original sign of one of the functions) assume that

for a right-handed root the Jacobian is positive, for a left-handed one, negative.

4. I consider a trajectory which may be either an unclosed curve not cutting itself,

or else a circuit, viz. this is a closed curve not cutting itself. A circuit is considered as

described right-handedly : an unclosed trajectory is considered as described according to

a currency always determinate pro hdc vice : viz. one extremity is selected as the beginning

and the other as the end of the trajectory : but the currency may if necessary or con-

venient be reversed: thus if an unclosed trajectory forms part of a circuit the currency is

thereby determined : but the same unclosed trajectory may form part of two opposite

circuits, and as such may have to be taken with opposite currencies. It is assumed that

a trajectory does not pass through any intersection of the F and Q curves.

5. A trajectory has its P- and Q-sequence, viz. considering in order its intersections with

the two curves, we write down a P for each intersection with the red curve and a Q for

each intersection with the blue curve, thus obtaining an intermingled series of P's and Q's,

which is the sequence in question. In the case of a circuit, tlie sequence is considered

as a circuit, viz. the first and last terms are considered as contiguous, and it is immaterial

at what point the sequence commences. The sequence will of course vanish if the trajectory

does not meet either of the curves.

6. A P- and Q- sequence gives rise to an " intercalation," viz. if in the sequence there

occur together any even number of the same letter these are omitted (whence also any

odd number of the same letter is reduced to the letter taken once) : and if by reason of

an omission there again occur an even number of the same letter these are omitted : and

so on. The intercalation contains therefore only the letters P and Q alternately: viz. in

the case of an unclosed trajectory the intercalation may contain an even number of letters,

beginning with the one and ending with the other letter, and so containing the same

number of each letter—or it may contain an odd number of letters, beginning and ending

with the same letter, and so containing one more of this than of the other letter ; say the

intercalation is PQ or QP, or else PQP or QPQ. The intercalation may vanish altogether,

thus if the sequence were QPPQ this would be the case.

7. In the case of a circuit the intercalation cannot begin and end with the same

letter, for these, as contiguous letters, would be omitted ; and since any letter thereof may

51—2
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be ret^arded as the commencement it is FQ or QP indifferently. A little consideration

will show that the whole number of letters must be evenly even, or, what is the same

thing, the number of each letter must be even. Thus imagine the circuit beginning in

sable, and let the intercalation begin with PQ; viz. P we pass from sable to azure, and

Q we pass from azure to argent : in order to get back into sable we must either retuni

the same wav (Q argent to azure, P aziire to sable), but then the sequence is PQQP, and

the intercalation vanishes : here the number of letters ife 0, an evenly even> number : or

else we must complete the cycle of colours P argent to gules, Q gules to sable : and the

sequence and therefore also the intercalation then is PQPQ, where the number of letters

is 4, an evenly even number.

8. In the ease of any trajectory whatever, the half number of letters in the inter-

calation is termed the "index," viz. this is either an integer or an integer + ^. But in

the case of a circuit the index is an even integer, and the half-index is therefore an

integer. The ind6x may of course be = 0.

9. But we require a further distinction : instead of a P- and Q- sequence we have to

consider a + P- and Q- sequence. To explain this observe that a passage over the red curve

may be from a negative to a positive colour (azure to sable or gules to argent), this is -f P,

or from a positive to a negative colour (sable to azure or argent to gules), this is — P.

And so the passage over the blue curve may be from a negative to a positive colour

(gules to sable or azure to argent), this is + Q, or else from a positive to a negative

colour (sable to gules or argent to azure), this is —Q. The sequence will contain the P
and Q intermingled in any manner, but the signs will always be H aUernatehj ; for

-H (P or Q), denoting the passage into a positive colour, must always be immediately suc-

ceeded by — (P or Q), denoting the passage into a negative colouf. Whence, knowing the

sequence independently of the signs, we have only to prefix to the first letter the sign

-I- or — as the case may be, and the sequence is then completely determined.

10. Passing to a + intercalation, observe that in omitting any even number of P's

or Q's, the omitted signs arc always -i h — &c. or else —I h &c., viz, the omitted

signs begin with one sign and end with the opposite sign. Hence the signs being in the

first instance alternate, they will after any omission remain alternate : and the letters being

also alternate, the intercalation can contain only -f P and — Q or else — Pand + Q. Hence

in the. case of a circuit the intercalation is either {+P — Q), say this is a positive circuit,

or else (- P + Q), say this is a negative circuit. There is of course the neutral circuit

{PQ)^ for which the intercalation vanishes.

11. Consider a circuit not containing within it any root ; as a simple example let the

circuit lie wholly in one colour, or wholly in two adjacent colours, say sable and gules:

in the former case the sequence, and thoroforo also the intercalation, vanishes: in the latter

ca.sc the sequence is + Q — Q, and therefore the intercalation vanishes : viz. in cither case

the intercalation is {PQ)^-
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12. Consider next a circuit containing within it one right-handed root ; for instance let

the circuit lie wholly in the four regions adjacent to this root, cutting the two curves each

twice; the sequence and therefore also the intercalation is + P—Q + P— Q; viz. this is a

positive circuit (+P— Q),, where the subscript number is the half-index, or half of the number

of P's or of ^s. Similarly if a circuit contains wdthin it one left-handed root, for instance

if the circuit lies wdiolly in the four regions adjacent to this root, cutting the two curves

each twice, the seq.uence and therefore also the intercalation is— P+Q — P+Q, viz. this

is a negative circuit {^P+Q)^: and the consideration of a few more particular cases leads

easily to the general and fundamental theorem

:

13. A circuit is positive (4-P— Q)j or negative (-P-l-Q)s according as it contains

within it more right-handed or iiwre left-handed roots; and in either case the half-index 8

is equal to the excess of the number of one over that of the other set of roots. If the circuit

is neutral {PQ)^, then there are within it as many left-handed as riglit-handed roots.

14. The proof depends on a' composition of circuits, but for this some preliminary

considerations are necessary.

Imao'ine two unclosed trajectories forming a circuit, and write down in order the inter-

calation of each. The W'hbfe number of letters must be even : viz. the numbers for the two

intercalations respectively must be both even or both odd. I say that if the terminal

letter of the first intercalation and the initial letter of the second intercalation are difierent,

then also the initial letter of the first intercalation and the terminal letter of the second

intercalation will be different: if the same, then the same. In fact the intercalations maj'

be each PQ or each QP, or one PQ and the other QP : or each PQP, or each QPQ, or

one PQP and the other QPQ. Supposing the letters in question are different, then the

intercalations may be termed similar; but if the same, then the intercalations may be

termed contrary.

15. In the first case, that is when the intercalations are similar, tiie two together

form the intercalation of the circuit ; the sum of their numbers of letters (that is tw'ice

the sum of their indices) w'ill be evenly even, and the half of this, or sum of the indices,

will be the index of the circuit; each intercalation will be (+P— Q) or else each will be

(-P+(?); and the circuit will be {+

P

-Q) or {- P -h Q) accordingly.

In the second case, that is when the intercalations are contrary, they counteract each

other in forming the intercalation of the circuit : it is the difference of the numbers of

letters, or twice the difference of the indices, which is evenly even, and the half of this,

or difference of the indices, which is the index of the circuit : one intercalation is

(+P— ^), and the other is ( — P+ Q) and tlie circuit will agree with that which has the

larger index.

In particular if the circuit consist of a single unclosed trajectory, taken forwards and

backwards; then the trajectory taken one way is (-I-P— Q), taken the other way it is

(_P-f Q)- the number of terms is of course equal, and the circuit is (PQ)^.
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16. Consider now two circuits ABCA and ACDA, having a common portion CA, or,

more accurately, the common portions AC and CA : write down in order the intercalations of

ABC, CA, AC, CDA:

the two mean terms destroy each other, and we can hence deduce the intercalation of the

entire circuit ABCDA.

Suppose ^;'s<, that ABC and CDA are similar; then if CA is similar to ABC it is also

similar to CDA , that is AC \s contrary to CDA : and so if CA is contrary to ABC, then

AG is similar to CDA.

To fix the ideas suppose CA similai- to ABC, but AC contrary to CDA, then ABCA
is similar to CA; but ACDA will be similar or contraiy to AC, i.e. contrary or similar

to CA, that is to ABCA, according as index oi AC > ov < index of CDA.

Suppose Ind. AC < Ind. CDA, then ACDA is similar to ABCA.

Ind. AB CDA = laA. ABC+ Ind. CDA,

Ind. ABCA = Ind. ABC+ Ind. AC,

Ind. ACDA == Ind. CDA -Ind. A C,

and thence Ind. ABCDA = Ind. ABCA + Ind. ACDA,

the whole circuit being in this case similar to each of the component ones.

But if Ind. AG > Ind. CDA, then ACDA is contrary to ABCA.

Ind. ABCDA = Ind. ABC +Ind. CDA,

Ind. ABCA =hid. ABC+Ind. CA,

Ind. A CDA = - Ind. CDA + Ind. AC,

and thence Ind. ABCDA = Ind. ABCA - Ind. A CDA,

and the investigation is like hereto if CA is contrary to ABC but AC similar to CDA.

17. Secondly, if ABC and CDA are contrary, then if CA is similar to ABC it is

contrary to CDA, that is ^ C is similar to CDA ; and so if CA is contrary to ABC it is

similar to CDA, that is ^C is contrary to CDA.

Suppose CA similar to ABC, and AG similar to CDA; then ABCA is also similar

to ABC, and ACDA similar to CDA; viz. ^5C, CA and .45(7.4 are similar to each

other, and contrary to AC, CDA, ACDA which are also similar to each other.

Ind. ABCDA = Ind. ABC -Ind. CDA,

Ind. ABCA = Ind. ABC+ Ind. CA.

Ind. ACDA = Ind. CDA + Ind. A C,

and thence Ind. ABCDA = Ind. ABCA ~ Ind. A CDA,

and the investigation is like hereto if CA is contraiy to ABC and AC contrary to CDA.
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18. It thus appears that in every case

Ind. ABCDA = Ind. ABCA + Ind. A CDA,
or = Ind. ABCA ~ Ind. A CDA,

according as the component cii-cuits are similar or contrary, and in the latter case the entire

circuit is similar to that which has the largest index.

Moreover, any circuit whatever can be broken up into two smaller circuits, and these again

continually into smaller circuits until we arrive at the before-mentioned elementary circuits, and

the theorem as to the number of roots within a circuit is true as regards these elementary

circuits ; wherefore the theorem is true as regards any circuit whatever.

11). In the case where a trajectory is a finite right line, ?/ is a given linear function

of X, or the coordinates x, y can if we please be expressed as linear functions of a

parameter «, so that as the describing point passes along the line, h varies between given

limits, say from m = to m = 1. The functions P, Q thus become given rational and

integral functions of a single variable m (or it may be x ov y), and the question of the

P- and Q- sequence and intercalation relates merely to the order of succession of the

roots of the equations P = 0, Q = 0, where P and Q denote functions of a single variable

as above. To fix the ideas let the trajectory be a line parallel to the axis of x ; and in

this case taking x as the parameter, and supposing that y^ is the given value of y, P and

Q are the functions of x obtained by writing y^ for y in the original expressions of these

functions. Of course the theory will be precisely the same for a line parallel to the axis

of y: and by combining two lines parallel to each axis vsre have the case of a rectangular

circuit. We require, for each side of the rectangle considered according to its proper cur-

rency, the intercalation PQ, QP, PQP or QPQ as the case may be, and also the sign +
or — of the initial letter of the first intercalation; for then writing down the intercalations

in order, with the signs for the several letters, + and — alternately (the first sign being

+ or — as the case may be), we have or deduce the intercalation of the circuit, and thus

obtain the value of the difference of the numbers of the included right- and left-handed

roots. We thus see how the whole theory depends on the case where the trajectory is a

right line.

Intercalation-theory for a right line. Articles Nos. 20 to 31.

20. Considering then the case where the trajectory is a line parallel to the axis of x,

P and Q will denote given rational functions of x ; the curves P= 0, Q = being of course

each of them a set of right lines parallel to the axis of y : the regions will be bands each

of them included between two such lines ; and colouring them as explained in the general

case, the colours will be as before, sable, gules, argent, azuie, each region having in the

neighbourhood of the trajectory (what we are alone concerned with) the same colour that it

had in the original case where P and Q were functions of {x, y). We may regard the

trajectory as described according to the cuirency x = — oo to x— + (Xi: we have in regard

to the trajectory a P- and Q- sequence, and intercalation, a + P- and Q- sequence, &c., as in
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the original case. The intercalation may be as before PQ, QP, PQP or QPQ, and in

each of these cases it may be positive, that is {-VP-Q), or else negative, that is {-P+Q).

21. The question of sign may in the present case be disposed of without difficulty. For

the initial point of the trajectory, we know the signs of P, Q, that is the colour of the

region : suppose for example that we have P = —j Q = +^ or that the region is gules : then

if the intercalation begin with P, this means that we either first pass a red line, or before

doing so we pass an even number of blue hues : but iu the last case the colours are sable

gules sable gules,... always ending in gides ; and the passage over the red line is gides to

argent, viz. this is +P; and so in general the initial P or Q of the intercalation has the

sign opposite to that of the P or Q belonging to the commencement of the trajectory.

22. For the solution of the problem we connect with P, ^ a set of functions R, S,

T, &c. : the intercalation is in fact given by means of the gain or loss of changes of sign

in these functions on substituting therein the initial and final values of the variable x. It

is convenient to consider the functions as arranged in a column

P
Q
R
S

say this is the column PQRS..., and to connect there>vith a signaletic bicolumn: viz. the

left-hand column is here the series of signs of these functions for the initial value of x, and the

riffht-hand column is the series of signs for the terminal value of x: the bicolumn thus

consisting of as many rows each of two signs, as there are functions. But such a bicolumn

may be considered apart from any series of functions, as a set of rows each of two signs

taken at pleasure.

We say that the "gain" of a bicolumn is

= -(No. of changes of sign in left-hand column) -t- (No. ia right-hand ditto),

the gain being of course positive or negative ; and a negative gain being regarded as a

loss. Also if a positive gain be converted into an equal negative gain or vice versa, we

may speak of the gain as reversed.

2.3. A bicolumn may be divided in any manner into parts, taking always the last row

of any part as being also the first row .of the next succeeding part. Tins being so, the gain

of the whole bicolumn is equal to the supa of the gains of its parts.

In a bicolumn of two rows, if we reverse either row (that is WTite therein — for +
and + for —), we reverse the gain : and hence dividing a bicolumn into bicolumus each of

two rows, viz. first and second rows, second and third rows, and so on, it at once appears

that if we reverse alternate rows (viz. either the first, third, fifth, &c., rows, or the second,

fourth, sixth, &c., rows) we reverse the gain. It of course follows that reversing all the

rows, we leave the gain unaltered.
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24. If to any bicolumn we prefix at the top thereof the second row reversed, we either

leave the gain unaltered or we alter it by + 1. In fact, as regards either column, if this

originally begin with a change, the process introduces no change therein ; but if it begins with

a continuation, then the process introduces a change. Hence if the columns begin each

with a change or each with a continuation, the gain is unaltered : but if one begins with a

change, and the other with a continuation, then the gain is altered by + 1 ; viz. the left-

hand column beginning with a continuation the gain is altered by —1, and the right-hand

column beginning with a continuation the gain is altered by +1.

The column PQRST... is taken to satisfy the following conditions: two consecutive

terms never vanish together (that is, for the same value of the variable) : if for a given

value of the variable, any term vanishes, the preceding and succeeding terms have then

opposite signs ; the last term, say V, is of constant sign.

25. Considering P, Q as given functions without a common measure, such a column

of functions is obtained by the well-known process of seeking for the greatest common

measure, reversing at each step the sign of the remainder : viz. we thus derive a set of

functions B, S, T... where
F=\Q-R,
Q = lu,R-S,

R = v8-T,
S = pT-U,

the degi-ees of the successive functions R, S, T, ..., being successively less and less, so that

the last of them, say V, is an absolute constant : or we may stop the process as soon as we

arrive at a function V, the sign of which remains unaltered for all values between the initial

and final values of the variable. It may be observed that the process may be regarded as

applicable in the case where the degree of Q exceeds that of P: viz. we then have X = 0,

R = — P, and the column begins (P, Q, — P, S, ...), the subsequent terms being, except as

to sign, the same as if P, Q had been interchanged.

Reversing the sign of P or Q, we reverse 'in the' bicolumn a set of alternate rows, and

thus reverse the gain : and reversing both signs we reverse all the rows, and leaye the gain

unaltered—of course the intercalation (considered irrespectively of sign) is in each case un-

altered. It is convenient to take the signs in such manner that for the initial value of x,

the signs of P, Q .shall be each positive : or, what is the same thing, taking P, Q with

their proper signs, we may in the bicolumn, by reversing if necessary each or either set of

alternate rows, make the left-hand column to begin with the signs -I- -I-.

26. The complete rule now is—for a given trajectory form the bicolumn for PQRS..., and

if necessary, by reversing each or either set of alternate rows, make the left-hand column

to begin with + + : then if there is a gain the intercalation begins with P, if a loss with

Q, the gain or loss showing the number of P's. To find the number of Q's prefix at the

top of the bicolumn the second row reversed—then the gain or loss (equal to or differing

by unity from the original value) shows the number of Q's, It may happen that for P the

gain is =0; then for Q the gain is or +1, and the intercalation vanishes or is Q.

Vol. XII. Part II. 52
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27. I give some simple examples.
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And hence for tlie several intervals,

1-3
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ardent, as shown in the figure: the line and circle intersect in two points M, N, and going

right-handedly round these respectively, for M the order is sable, gules, argent, azure, viz.

jlf is a right-handed root ; while for iV the order is sable, azure, argent, gules, viz. N is

a left-handed root : the two points are accordingly in the figure denoted hj +M and — iV

respectively.

30. Now considering successively the four smaller squares of the figure, say these are

the squai-es N.E., S.E., S.W., N.W. : and going right-handedly round each of these

:

In the square N.E., the sequence and therefore also the intercalation is +P— Q + P—Q,
viz. this is an intercalation (+P— Q), showing an excess 1 of right-handed roots, and of

course consisting with the single right-handed root M.

In the square S.E., the sequence is —P + P, viz. this is an intercalation {PQ)^, showing

an equality of right and left-handed roots, and consisting with no root.

In the square S.W., the sequence and therefore also the intercalation is —P + Q — P + Q:

viz. this is an intercalation {—P + Q)^ , showing an excess 1 of left-handed roots, and con-

sisting with the single left-handed root N.

And in the square N.W., the sequence is —Q + P—P+Q, viz. this is an intercalation

(PQ)^, showing an equality of right and left-handed roots, and consisting with no root.

Again take the whole large square : the sequence is —Q + Q: viz. the intercalation is

{PQ)(,> showing an equality of right and left-handed roots, and consisting with there being

one of each.

So taking the squares N.E. and N.W. conjointly, the sequence and therefore also the

intercalation is —Q + P — Q+P, viz. this is an intercalation (+P — Q),, as for the single

square N.E.

31. As regards the analytical determination it will be sufficient to consider a single

square, say N.E. : going round right-handedly, the trajectories will be

(1) x = 0, y = to 3.

(2) 2/ = 3, X = to 3.

(3) a; = 3, 3/ = 3 to ; 01 ii y =-y, then ?/' = - 3 to 0.

(4) 3/ = 0, a; = 3 to ; or if x' = - x, then x' = — S to 0.

And we thus have

3

(1) P=
Q =



(3) P= y=+5

Q = -y' +4
R= -1

CAUCHY'S THEOREMS OF ROOT-LIMITATION.

-3 -3

, that is — —
, for P gaiu = 0,

., Q ,, =0.

Intercalation vanishes.
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the difference of the numbers of the right and left-handed roots—in the particular case

where P and Q are rhizic functions serves to determine the number of intersections of the

curves P=0, Q = 0: or, what is the same thing, the number of the (real or imaginarj')

roots of the equation F{z) = 0: viz. we thus determine the number of roots within a

given circuit.

33. The rhizic curves P = 0, (2 = have various properties. 1°. Each curve has n

real points at infinity, or, what is the same thing, n real asymptotes : and the P and Q
points at infinity succeed each other, a P-point and then a ^-point, and so on alternately.

In fact from the equation

P + iQ= {a' + ia") {x + iyY... + {k' + V'l),

writing herein a + m" = a (cos a + i sin a), and x +iy = p (cos 6 + 1 sin 6), we have

P + {Q== ap" [cos (nd +«)+«' sin {n9 + a)]... + k' + k"i
;

and it thus appears that for the curve P=0, the points at infinity are given by the

equation cos {nd + a) = 0, while for the curve Q=0 they are given by the equation

sin {nd+a) =0: which proves the theorem.

Representing infinity as a closed curve or circuit, each point at infinity must be

represented by two opposite points on the circuit; so that wi'iting down P for each

P-point and Q for each Q-point we have 2n, P's and 2n Q's succeeding each other, a

P-point and then a ^-point, and so on alternately.

It may be assumed that taking the circuit right-handedly, the P's are + and the Q's—,

(this depends only on the colouring, but it corresponds with the foregoing assumption

that the roots P=0, Q = are right-handed): the theorem just obtained then really

is that for the circuit infinity, the intercalation is (+ P — Q)„ : and we have herein a

proof of the theorem that a numerical equation of the order n with real or imaginary

coefficients has precisely n real or imaginary roots. But the force of this will more

distinctly appear presently.

34. 2°. Neither of the curves P=0, Q = can include as part of itself a closed

curve or circuit.

The foregoing relations between the differential coefficients give

d:P + d;-P=Q, d^Q + dJQ^^Q,

which equations for the two curves respectively lead to the theorem in question. For

aa regards the curve P = 0, take z a co-ordinate perpendicular to the plane of xy, and

consider the surface z = P: if the curve P=0 included as part of itself a closed curve,

then corresponding to some point (x, y) within the curve we should have z a proper

maximum or minimum, viz. there would be a summit or an imit ; at the point in

question we should havee?^ = 0, d,Q = 0; and also (as the condition of a summit or

imit) d*P.d*P— {d^d,P)'= + , implying that d'P and rf^'Phave at this point the same sign:

but this is inconsistent with the foregoing relation dJP + d'P = 0.
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35. 3", The curves P= 0, (2 = have not in general any double (or higher multiple)

points. A point which is a double (or higher multiple) point on one of these curves

is not of necessity a point on the other curve: but being a point on the other curve

it is on that curve a point of the same multiplicity. For changing if necessary the

co-ordinates, the point in question may be taken to be at the origin : forming the equation

P+iQ={a+ a"i) {x + ii/)" ... + {h' + k"t) {x + iyY+ [t + I'l) [x + hj) + vi + m"i = 0,

the point x = 0, y = will not be a double point on the curve P=0, unless we have

m' =0, l = 0, /" = ; these conditions being satisfied, it will not be a point on the curve

^ = unless also m" = ; but this being so, it will be a double point on the curve Q = 0:

and the like for points of higher multiplicity. But a point which is a multiple point

on each curve, represents four or more coincident intersections of the curves P = (), ^ = 0,

that is four or more equal roots of the equation F{z)=-0; so that assuming that the

equation has no equal roots, the case does not arise : and we in fact exclude it from

consideration.

To fix the ideas assume that the curves P=0, Q=0 are each of them without double

points. As already seen, neither of them includes as part of itself a closed curve. Hence

in the figure the curve P=0 must consist of n branches each drawn from a point P
in the circuit (viz. the circuit infinity) to another point P in the circuit; and in such

manner that no two branches intersect each other: this implies that the two points P
of the same branch must include between them an even number (which may of course

be = 0) of points P. And the like as regards the curve Q=0.

36. 4°. No branch of the P-curve can meet a branch of the Q-cnrve more than

once. In fact drawing the two branches to meet twice, the colouring would at once

show that of the two intersections or roots, one must be right, the other left-handed

:

whence, the roots being all right-handed, the branches do not meet twice. And in exactly

the same way it appears that no P-branch can meet two Q-branches, or any (^"branch

meet two P-branches. And under these restrictions it requires only a consideration of a

few successive cases to show that the n P-branches, and the n Q-branches can only be

drawn on the condition that each P-branch shall intersect once and only once a single

Q-branch; which of course implies that each ^-branch intersects once and once only a

single P-branch: and further, that there shall be precisely n intersections: viz. the n

P-branches and the n Q-branches must satisfy the conditions just stated. And the theorem

of the n roots is thus obtained as a consequence of the impossibility (except under the

same conditions) of drawing the n P-branches and the n Q-branches, so as to give rise

to right-handed roots only. But the case of double or higher multiple points would need

to be specially considered.

37. It is interesting for a given value of n to consider ^ (n) the number of different

ways in which the P-branches and the Q-branches can be drawn. We have 2« points P
and 271 points Q, in all 4n points : starting from auy point P, these may be numbered in

order 1, 2, 3, ...4?!, the points P bearing odd numbers and the jioints Q even numbers.
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We may consider the P-branch which joins 1 with some P-point /3, and (intersecting this)

the Q-branch which joins some two Q-points a and 7: the numbers la^y are then in order

of increasing magnitude : and excluding these four points there remain the points corre-

spondinc to numbers between 1 and a, between a and /9, between y8 and 7, and between

7 and 1. Now since the P-branch 1/3 meets the Q-branch 07, no branch from a point

between 1 and a can meet either of these curves; hence these points form a system by

themselves, capable of being connected together by P-branches and Q-branches : the number

of them must therefore be a multiple of 4 : and the like as to the points between a and /S,

between /S and 7, and between 7 and 1. Taking the number of the points in the four

systems to be 4a;, 4^, 4z, and 4w respectively, we have x+y + s + w = n- I, and the first

mentioned four points bear the numbers

1

o = 4a; + 2,

/3 = 4a; + 4y + 3,

7 = 4a; + 4^ + 4^ + 4.

For the four systems the number of ways of drawing the P- and Q-branches are

4>x, 4>y, j)Z, 4>w respectively : that is x, y, z, w being any partition whatever of n-\
(order attended to), and j> (0) being = 1, we have

which is the condition for the determination of <pn.

Taking then 9 for the value of the generating function

1 + i(^ (1) + f<^ (2). ..+ r<^ («)+...,

it hereby appears that we have

6 = 1+?^;

or writing this for a moment 6 = u + 16\ and expanding by Lagrange's theorem, but

putting finally m = 1, we have the value of 6, that is of the generating function,

= 1+ t+ 4<»+ 22<'+ 140<*+...,

that is «^(1) = 1, </>(2) = 4, <^(3)=22, <^ (4) = 140,...

4/1. 4h - 1...3h + 2r4nl°"' '

and generally
<f>

(n) = *-....
, =

2.3.

The results are easily verified for the successive particular cases ; thus n = 1, the points

are I, 2, 3, 4, and the P- and ^-branches respectively are 13, 24: <f){l)=l. Again

n = 2, the points are I, 2, 3, 4, .5, 6, 7, 8 : we may join 13, 24 or 13, 2S or 17, 28 or

17, G8, leaving in each case four contiguous numbers which may be joined in a single

manner : that is
<f> (2)

= 4. Or, what is the same thing, the partitions of 1 are 0001, 0010,

0100, 1000, whence ^(2) = 4 {(^(O)}" </> (1) = 4. Again n = 3, the partitions of 2 are 0002, &c
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(4 of this form) and 1100 (fi of this form): that is ^(3) = 4 ((/)(0)i'<^(2) + 6 (^(Ojn^(l)}',

= 4 . 4 + 6 . 1 = 22, and so on.

38. Starting from the 4/j points P and Q, and joining them in any manner subject

to the foregoing conditions, we have a diagram representing two rhizic curves ; and colour-

ing the regions we verify that the n roots are all of them right-handed. We have for

instance the annexed figure (n = 3).

Having drawn such a figure we may by a continuous variation of the several lines, in

a variety of ways introduce a double point in the P-curve, or in the Q-curve : and by a

continued repetition of the process introduce double points iu each or either curve: thus

for instance we may from the last figure derive a new figure in wliich the P-curve "has a

Vol. XII. Part II. 53
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node at N. It will be observed that here it is no longer the case that each P-branch

intersects one and only one ^-branch : the P-branch 1-9 does not meet any ^-branch,

but the P-branch 7 — 11 meets two ^-branches. But looking at the figure in a dififerent

manner, and considering the P-branches through N as being either 11— i\'"— 1 and 7 — iV-9,

or l—N—7 and 9 — ^—11, then in either case each P-branches intersects one and only one

Q-branch : and in this way, in a diagram in which the two curves have each or either of

them double points, but neither curve passes through a double point of the other curve,

the theorem may be regarded as remaining true—we in fact consider the diagram as the

limit of a diagi-am wherein the curves have no double points. It will be recollected that

the equation P(s) being without equal roots, we cannot have either curve passing through

a multiple point of the other curve. And we thus see that the various figures drawn as

above, without double points are, so to speak the tj'pes of all the different forms of a

system of rhizic curves P= 0, ^ = 0.

In connexion with the present paper I give the following list of Memoirs:—

Caucht. Calcul des Indices des fonctions. Jour, de VEcole Polyt. t. xv. (1837)

pp. 176—229. First part seems to have been written in 1833 : second part is dated

20 June, 1837. Refers to a memoir presented to the Academy of Turin the 17th Nov. 1831,

wherein the principles of the " Calcul des Indices des fonctions " are deduced from the theory

of definite integrals : I have not seen this.

Sturji and Liouville. Demonstration d'un theoreme de M. Cauchy relative aux racines

imaginaires des equations. Liouv. t. i. (1836) pp. 278—289.

Sturm. Autres demonstrations du meme theoreme. Do. pp. 290—308.

These two papers contain proofs of the particular theorem relating to the roots of an

equation F{z) = 0, but do not refer to the general theorem relating to the intersection of

the two curves P = 0, Q = : the special theorem of the existence of the n roots of the

equation F{z) = is considered.

Sylvester. A theoiy of the Syzj'getic relations of two rational integral functions, com-

prising an apphcation to the theory of Sturm's functions and that of the greatest algebraical

common measure. Phil. Tram. t. CXLiii. 1853, pp. 407—548.

De Morgan. A proof of the existence of a root in every algebraic equation, with an

examination and extension of Cauchy's theorem on imaginary roots, and remarks on the

proofs of the existence of roots given by Argand and Mourey. Canib. Phil. Trans, t. x.

(1858).

Contains the important remark that the two curves P = 0, Q — are such that two

branches, one of each curve, cannot inclose a space ; also that the two curves always [i.e. at

a simple intersection] intersect orthogohall}'.

Airy, G. B. Suggestion of a proof of the theorem that every algebraic equation has a

root. • Camh. Phil. Trans, t. x. (18.59).
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Cayley, a. Oa a proof of the theorem that every algebraic equation has a root. Fldl.

Mag. t. XVIII. (1859), pp. 436—439.

Walton, W. On a theorem in maxima and minima. Quart. Math. Jour. t. x. (1869)

pp. 2.53—262. Cayley, A. Addition thereto, pp. 262—263. (Relates to the curves P= 0, Q = 0.)

Walton, W. Note on rhizic curves. Quart. Math. Jour. t. xi. (1870) pp. 91—98.

First use of the term " rhizic curves
:

" relates chiefly to the configuration of each curve at

a multiple point, and of the two at a common multiple point.

Walton, W. On the spoke-asymptotes of rhizic curves. Q. M. J. t. xi. (1871) pp. 200—202.

Walton, W. On a property of the curvature of rhizic curves at multiple points. Do.

pp. 274—281.

Bjorling. Sur la se'paration des racines d'equations algebriques. 3fem. d'Uj^sal (1870)

pp. 1

—

35. (Contains delineations of some rhizic curves.)
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II. On the Inequalities of the Earth's Surface vieivcd in connection with the secular

cooling. By Rev. Osmond Fisher, M.A., F.G.S., F.C.P.S., late Fellow and

Tutor of Jesus College.

[Read December 1, 1873.]

Ix a paper which I read before this Society in 1808, I attributed the elevating force

"vvliich has raised mountain-ranges to the contraction of the heated interior of the earth,

and consequent wrinkhng of the crust so as to accommodate itself to the diminished nucleus.

This was an old hypothesis ; but I believe the amount of horizontal pressure produced by

that means had not been estimated before. I shewed that it is equal at the earth's surface

to the weight of a piece of rock of the same section as the stratimi, and 2000 miles long

;

enough to crumple up and distort any rocks*, and I also proved that a still greater

horizontal pressure than this would be produced at any moderate depth. Towards the

conclusion of the paper I made a rough estimate of the dimensions of the mountains which

such a process might produce, upon certain hypotheses as to the amount of compression

and thickness of the crust, which on a cursory view appeared to me probable. The object

of the present paper is to attempt to arrive at a more definite conclusion upon this part

of the subject.

In order to render clear what follows I am obliged to recapitulate the substance of a

small part of a paper upon the formation of mountains which I have already published in

the Geological Magazine'f.

Let ABCD be a layer of rock of unit of width, length I, and depth k. And suppose

the abutments a.t AC and BD to approach each other through the space le, where e is a

• See Pratt's Figure of the Earth, fourth edition, p. 203, note. t Gcol. Mag. Vol. x. p. 218.
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small fraction. Then the layer of rock in question would assume some new form, as one

of those given in the figure, or any other whatsoever possible.

Let us now seek for some simple laws which must govern the disturbed strata in spite

of the confusion which appears to reign among them. Let a, a, &c., be the areas formed

by the upper curved line above AB, and h, h, &c., the areas formed by the same line

below AB. It is not necessary that the a's should be equal to one another, nor yet the

5's. They are used simply to designate the areas in respect of their positions. We will

call AB "The datum level."

In like manner let a, /3 be similar areas for the lower datum level CD. Then the

space included between the curved lines must be equal to

AbCd = kl{l + e).

It is also evidently equal to

ABCD + a + a + &c.+^ + l3 + &c.

— h — b — &c. — a — a — &c.,

or, denoting the sums of the quantities of the same sort by the symbol 2, we get

kl{l+e) = U + t{a)-t{h) + t{^)-^{a).

.: Me = 2 (a) - S (J) + S (/8) - 2 (a). (1).

Since the pressure is supposed to take place in a horizontal direction, it will not have

any direct effect to raise the centre of gravity of the portion of the crust under considera-

tion ; so that, if the layer in question rest upon a liquid substratum, we may expect some

portions of the disturbed crust to dip into the superheated rocks. But in that case a

corresponding volume of such subjacent rock must rise into the anticlinals.

Hence, 2(a)=2(/S).

And the equation becomes We = 2 (a) — 2 (6).

In order to render this reasoning applicable to the section of a surface of any form it

is only necessary that the pressure, which causes the compression, should be everywhere

tangential to the surface, and that gi-avity should be perpendicular to it. Hence it is

applicable to the earth's surface, although that surface is not strictly regular, and may

contain local elevations and depressions affecting the mean figure (that is the figure as

unaffected by corrugation), which, though of small amount as compared to the dimensions

of the earth, may be large as compared with the quantities of which we have to take

cognizance in this investigation.

But the above suppositions cannot represent accurately what has occurred in nature.

For they assume the upper and under parts of the crust of the earth to have been

compressed horizontally by the same amount. In reality compression must have gone on

gradually ever since a solid crust was first formed, and must be greatest at the upper

datum level. We must therefore consider e to be the mean coefficient of compression.

In the next place it will be necessary to extend our considerations from a section of unit

of horizontal thickness to any proposed area of the earth's surface, and eventually to

that of the whole globe.
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A clear conception of what will then be the upper " datum level " is important. It will

be an imao-inary surface which occupies the position that the surface of the crust would

occupy at the present time, had it been perfectly compressible in a horizontal direction

;

so that no corrugations would have been formed in it.

As soon as elevated tracts had once been formed by the corrugation of the cooled

crust, aU the material above the datum level, however distributed, must have been derived

from matter originally beneath it, and subsequently raised above it. As often as further

compression of the crust has taken place, every fresh addition to the sum total of the

quantity of matter above the datum level must have accrued by the elevation of matter

from below it. For the matter which was already above it, however freshly corrugated, or

rearrano-ed by water action, or otherwise, cannot liave been thereby altered in quantity.

Moreover each additional contraction will have acted upon a crust thicker than it was before

on account of its having become in the meanwhile solid to a greater depth.

3_

We have hitherto confined our symbols to a vertical section of the earth's crust of unit

of width. We will now extend them to a portion of the crust whose length is I and width

w, and the depth k ; e and e being the mean coefficients of compression in the directions

of length and width. Then, if we neglect the product ee, our equation will become

where A and B arc now the volumes of the elevations above and depressions below the

datum level.

If in this equation we put M/=l and e'=0, it reduces to our former equation.

If we put e = e' we get

2Hwe = t{A)-'Z{B) (A),

which we may take as the general expression corresponding to any area of the surface.

The tendency of the corrugations over a given area will be to form two systems at

ri^ht angles to one another, thus relieving the whole compression. Where one corrugation

intersects another, we shall have a part of the volume common to both. But physically

the same space cannot be occupied by two distinct volumes of rock. Hence at every such

intersection there must be an increase of altitude in the ridges sufficient to contain within

the contour an additional volume equal to the common portion. This appears to occur

in nature where a peak often occupies the place of intersection of two ranges, as if the
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denudation wliicli has shaped out the mountains has had a greater amount of matter to

remove in such a situation.

The result expressed by the equation may be extended to the whole globe by con-

sidering its surface composed of elementary rectangular areas, and summing them ; whence

8Trr'lce = 'Z(A)-t{B) (B).

In which expression

r is the radius of the earth measured to the present position of the datum level.

k is the present thickness of the cooled crust.

e is the mean total linear compression of the crust.

2 {A) is the volume of the total elevations above the datum level.

S (B) is the volume of the total depressions below it.

And 7r = .3-14159.

It is worthy of remark, that the relation between lateral compression and elevation

expressed by the above eqnation, (B), in no way depends upon the arrangement of the disturbed

rocks, nor upon the time at which the successive movements have taken place, nor upon

whether or not subsequent denudation, or any other mode of action, has redistributed the

elevated matter. Nay, even if by human agency excavations have been made, their results

will be included in our equation, which is perfectly general and true, so long as it is strictly

interpreted. It requires also la particular to be noticed that it is not assumed that moun-

tain-ranges need be anticlinals. All that is assumed is that they are carved out of tracts

elevated as a whole by lateral pressure.

This appears to be the proper place for considering the manner in which the results of

the deposition of sediment over a limited area would enter our equation. Geologists

believe thick deposits to have been accumulated upon sinking areas, and attribute the

subsidence of the area to the weight of the deposit itself. If rocks plastic from heat,

or any other cause, come within a moderate distance of the surface this is possible. But

the displacement of such plastic matter from beneath the new deposit must cause the rise

of an equal volume somewhere else, so that if the terms of our equation were in any way

affected (which would depend upon whether the effect extended below the datum level) it

would be by an addition to the term 2(/3), and a consequent equal addition to S(a), and

their svim would be zero. So that, as already intimated, our equation will include any

such effect of denudation and the resulting deposition.

Such an action as has been just referred to would produce a slight amount of

crumpling in the strata, but only a very slight one, unless the new deposit sunk thrmtgli

some subjacent strata, and pressed them sideways out of its way ; as I have shewn has

happened in the contorted drift of Norfolk*. But it is only possible for this to have

happened where the deposit produces a very much greater pressure upon the area which

it occupies, than the rocks displaced by it did ; that is when it is very much thicker tlian

* Geol. Mag. Vol. v. p. 5.50.
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tliey were. And it is clearly impossible that it should elevate any displaced strata to

a greater altitude than its own, which is necessarily limited to that of the sea-level

where the deposit is going on. The test of such a mode of action would be to enquire

whether any portion of the strata which ought to lie beneath the thick deposit can

be discovered in a contorted condition abutting upon it.

Thus far, for the sake of perfect generality, it has been assumed that the disturbed

upper strata rest upon a liquid, or at least a plastic, substratum. In what follows, the

enquiry will be made whether this condition of the subjacent rocks is probable. And

the method taken will be to consider whether the contrary supposition, that the sub-

jacent rocks are solid, will account for the amount of corrugation which the earth actually

exhibits.

If the earth had cooled as a solid body, the outer layers at any epoch having

attained their complete amount of contraction sooner than the interior, would have been

too large to fit the interior after the cooling had proceeded further. They would there-

fore become corrugated. But in this case that corrugation would have necessarily taken

place wholly in an upward direction ; and there could be no places where any portion

of the surface could have become depressed below the datum level. Hence upon this

IniJothesis we may introduce into our datum-level equation the supposition that S(5)=0.

And it becomes

871^46 = 2 (-4).

A little consideration will give the following geometrical relation:

The volume of the Sea above the datum level =the area of the whole surface of the globe

X the depth of the datum level below the sea-level— the volume of rock displacing water

between those levels.

Let /S= area of the Sea.

D = its mean depth.

Z = area of the Land.

W= volume of the Land.

rf = the depth of the datum level below the surface of the Sea, considering these as

parallel.

Now the volume of rock displacing water between the datum level and the sea-

level will be 2 (.4)- W, and since in the case supposed S{A) = i^Trr^ke, we shall obtain the

following relation

:

SD = {S+ L)d - {Sirr'ke-W).

But it is to be observed that this relation assumes the surface of the ocean Xo

be everywhere parallel to the datum level, which is itself supposed to be parallel to the

original surface of the globe when it was first covered with ft soUd crust. But the

ilistribution of the great continents and oceans, as well as observations on the plumbline,

render it probable that there is some cause whicli makes the density greater beneath the

great oceans, and tends to accumulate the water upon them, so that their doptii is greater
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than it would be were that solely due to a relative depression or locally diminished curva-

ture of the sea-bed.

Let us then call A" the accumulated volume of water in excess of that, which the

oceans would contain, were their surface parallel everywhere to the datum level ; retaining

D as the observed mean depth of the sea, but using d as measured from the supposed

surface as just defined.

In order to allow for the accumulated water, we must correct our equation by sub-

tracting X from the actual volume of the ocean, so that

SD -X=(S+L)d- {Sirr^ke - W).

Observing that S+L is the whole area of the globe, and therefore equals i-rrr, and that

X
S+L

would be the depth of a layer of water of the volume of X if it were equally spread

over the whole globe, which depth we will call S. The above equation gives

- vol. of sea — voh of land

area of the globe

The area of the ocean is estimated to be 146 millions of square miles, and that of

the land 51 millions*.

Mr Carrick Mooref has shewn that Sir John Herschel was misled by an inaccurate

expression in The Cosmos in his estimate of the mean height of the land being 1800

feetj, and that it ought to be put at half that, or 900 feet. The average depth of the

ocean is reckoned at three miles, and its volume at 438 millions of cubic miles. By

substituting these numbers we obtain

2he = d + S-2-2.

AB the datum level.

SS the sea level supposed parallel to it,

the actual surface of the ocean.

S'S' the surface of the accumulated water levelled down.

OJ) = d, 0'J) = d + 5.

Our next step must be to fix upon a value for d + 8. This is the depth of the

datum level below the surface of an imaginary ocean, which is rather less deep than

the actual one.

Now it is not probable that there is any place where the bottom of the ocean

coincides with the datum level. Nevertheless there seems reason to think that this will

approximately be the case in the deeper parts. If this be so, d + B will not differ

* Herechel's Physical Geography, second edition, p. 19. + Nature, Vol. v. p. 479.

t Physical Geography, p. 118.
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oreatly from the measure of the deepest parts of the ocean, and is not likely to exceed

it by much, because, as already mentioned, the surface from which it is reckoned is some-

what lower than the actual surface of the ocean.

If the deepest parts of the ocean do not coincide with the datum level they must

be one of two things. They must be either depressions below it, belonging to the

series 2 {B), or else they must be the places where the ocean bottom is least raised

above the datum level. That they should be depressions beneath that level is scarcely

possible under our present assumption that the earth has cooled as a solid; whence we

have concluded that S(£) = 0. But if we take the other alternative, and suppose the

ocean-bottom to be raised above the datum level, even where the depths are very great,

then we are takiuo- d + h too small, and our estimate for 2ke will be too small. And this

appears by far the more probable case.

On the whole, then, we may feel pretty well assured that we are within the mark if

we put for d + l the measure of the more profound parts of the ocean. The mean depth

bein<T taken at three miles we shall not be much in excess if we put cZ + 8 as equal to

four miles. Our value for 2A;e then becomes

2/l-e = 4-2-2 miles,

= 1-8 miles,

= 9504 feet (about),

a value which is more likely to be too small than too large.

We will now proceed to seek for a probable value for 2ke on physical grounds, in order

to compare it with that just found.

For this purpose we must estimate the compression, kle, corresponding to the present

thickness k of the crust and to a length I upon the present surface.

Let ABCD be a section of a portion of the crast of length I and depth k. Then

e is the mean coefficient of compression for the whole, which will depend upon the

depth to which the cooling down to the melting temperature under pressure has advanced.

The area which by its having become compressed will have gone to form the corruga-

tions AFB will be BDE, in which BE is the quantity by whicii AE has been com-

pressed, while CD lias not been compressed at all.

Then if BM = x, and c= the compression at the depth x,

MQ=lc.
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And the area in question will be I Icdx,
J

which must be equal to the area AFB, or to Ue.

Hence Ice =1 cdx.

We have now to express c in terms of x.

For this purpose I avail myself of Sir W. Thomson's paper " On the Secular Coolin" of

the Earth," using the symbols and a modification of the diagi'am there given, but not neces-

sarily adhering to his values of the constants. In the event I think it will appear that

we must adopt some modification of his views as to the condition of the globe at the time

at which a rigid crust commenced to form, because we shall find that they lead us to a

value of 2ke which is not in accordance with natural appearances. Sir William Thomson's

views are thus expressed. "The earth although once all melted, or melted all round its

surface*, did in all probability reall}^ become solid at its melting temperature all throuo-h,

or all through the outer layer which had been melted, and not until the solidification was

thus complete or nearly so did the surface begin to cool-f-."

The point which is material in the application of his investigation is, that cooling is

to take place by conduction and not by convection.

Diagram modified from Sir W. Thomson's paper on the secular cooling of the Earth. 0^ the depth below the

surface =.r. NP the excess of temperature at that depth above the temperature of the surface =«. Oq the excess of

the melting temperature above that of the surface — V.

1
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The quantity a is thus defined : a = 2v'«-f, where k is the conductivity of rock, found

by Sir "W. Thomson to be "400 for unit of length a British foot and unit of time a

year." And t is the number of years since the Earth became solid, which must have

elapsed in order that the rate of increase of temperature in descending into the Earth

should be what it is observed to be. We learn (§ p.) that -^"'P = -
j

e a- dx.

When then the rigid crust was commencing to form, the whole globe, or at any

rate its outer portion to a considerable depth, was at the melting temperature T'" Far.

represented on the diagram by Oq or Nn. At a subsequent time the temperature at

the depth ON or x was v", represented by the ordinate NP. Hence at that depth

cooling has taken place through \V-v)\ represented by Pn. Now the compression which

each layer of the crust undergoes is caused by the contraction of all the matter beneath it.

Let E be the cubic contraction for 1° Far. Hence the layer of the sphere at the

depth X whose area is iirr' and thickness Sx will have contracted by EiTir'PnSx, and

consequently the whole contraction at that depth will be E^irr^jPndx, where the integral

is to be taken from x = x to that depth to which contraction has taken place. We

may neglect the change in r for a moderate depth, since it is multiplied by the small

quantity E. The diagram shews that the difference between the actual and the melting

temperature at the depth 2a becomes small. It is Fx -00468.'

'dx

,2\ 3

+

TT h t' --
' Generally Fn = V--j £

»'

^ b r(^ x' 1 /x\ 1 /x\

b( l^ 1 !»'

The seneral term of the series is

Suppose the superior limit of the integral to be 2a. Then thia becomes

^ ' \n'2n+ I

And the next term to this will be
I

9S(ii + i)+i

1 2"*°

And the sum of the two terms

~^~^ °\n+l\2n+l 'In+Sj

2'"^' 2M'-3re-l
~^ ^' '']n+l (27i+l)(2« + 3)"



VIEWED IN CONNECTION WITH THE SECULAR COOLING. 423

lu order to obtain a value of the contraction at the depth x, which we are assured

is larger than the truth, we will take the integral from x = x to x = 2a for the contraction

to that depth, and add the contraction of all below on the assumption that it continues

to the centre as great as it is at the depth 2a.

We will therefore consider the whole cubic contraction at the depth x to be

E i-rr r' I Pn dx +
^

V x "00468,

where r' = r — 2a.

But what we want is the linear compression of the shell in a horizontal direction at

this depth, and that will be the same as the linear contraction of a spherical surface

at the same depth. We will therefore find the mean contraction of the whole below that,

as if the contraction was equally distributed throughout its volume.

Suppose E' to be the mean coefficient of contraction of the sphere below the given

depth x.

Therefore E'^ = ^47rrM Pn dx + E -^ V x •00468.

3E f^3E f^
Hence E' =^ Pndx + EVx 00468 nearly,

and the coefficient of linear contraction, which is that of compression for the next overlying

shell, is one third of this,

E
or c

r
'

J
Pn dx + ^EVx -00468 nearly.

The entire compression of the shell, or ke, which equals 1 cdx, will therefore be less than
Jo

-f ( I'' Pndx'\dx + ^EVx-OOiQSr Idx.
E '"

r

And because the melting temperature is nearly reached at the depth 2a, we may

take that for the thickness of the corrugated crust. So that

ke < yp (fPn dx)dx + ^^^^ 'OOiGS.

In this expression n= 2 will give the tliLi'd and foiii-th terms of the series ; w = 4, the fifth and

sixth, &c., &c.

The sum of the two first terms of the series is -0-666666. Making n successively 2, 4,... 18

(for which last value the first significant digit will not occur before the 7"" place of decimals), we

get for the sum of the first 20 terms

1-548749 - 0-666666 = 0-882083,

whence at the depth 2a, Pn=r-bx 0-882083, ('where b =—p) ,

,,/, 0-882083\ _

= Vx 0-00468.
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In which expression

h C "^

Pn=V-- e dx.

After a somewhat tedious calculation the value of the factor under the sisn of

integration comes out
F2a''-a'6x 1-549800.'

' It has been akeady proved that

a (. 3 a I .'2 or

,,. 1 1 ar°"' -1

"^^ ^> \n2n+l a""
'^ ]'

' a {2 34 al. 256 a

"^^
' \n2n + 12n + 2 a'"

'^ )'

The general term of the series is

^ > a\n(2n+l){2n + 2) \a)

_ 1 1 (xV'^'-
~^

' \n{2n+\){2n + 2)\a) '

Taking 2a as the superior limit of the iategral, the general term becomes

1
2""""'

^~^^"^^{2n+l}{2n + 2)

1
2"*'

= (- 1)" «*
;7, (0„ +i)(ri+ 1)

^ '
\

n+l 2n + 1

And putting n + 1 for n the next term to this will be

1
92n+3

And the sum of the two terms

,
2^^'

f
1 2'

)

iZ!±ll2/i+l (« + 2) (2»i + 3)/

, ,,. ,
2**' 2n'-(w-2) ,..

= <-^)«*iiT2(2,7TT)7ra)
(^>-

Giving to n the series of values 2, 4, 6, ..., 14, we obtain for the sum of the terms from

the S"" to the 16*, both Laclusive,

al X 0-060GG54.

Hence we have for the value of JPndx, when x = 2a (or at the superior Umit),

F 2a -06^2-* +0-606654) - V2a-ab x 1-273320;
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Taking the observed rate of cooling at Jjth of a degree Far. per foot in descending,

the time since the supposed solidification at 7000" took place will have been 100,000,000

_ V
years, and a = 2V«« = 400,000 feet, or about 80 miles. And b = tt^ = 7900".

^Vtt

.: j Pndx = V {2a -x)-abx 1-273320

^^
^ \n2n+l 2n+2 a'" ^ )'

.-. jf ("Pnclx^dx = r(2ax-^^-l-273320ahx

6(1 1 »_1 1 i^^ Hi 1^

+ (-1
' \n 2n + l2n+2 2n+3 a'" "^J'

Tlie integral has to be taken from a; = at the surface to that value of x which expresse.s

the thickness of the rigid crust beyond which con-ugations will not have been formed.

Now the melting temperature V is reached within an extremely small error at the depth 2a.

We may therefore take 2a as the superior limit, and the above quantity becomes

r f
I

Pndx\ dx = F(-la' - 2a^) - 1 -273320 x 2a-h

a (.2
• 3^^^ 3.4.5 o? |_2"5'6'7 a*

^ ' [w(2ji+1)(2?j + 2)(2m + 3) a" )'

of which series the general term after simplification becomes

081+2 -1

i-YfaJ'h''

and the next to it - {- Vf arh

and their sum, after reduction, (-1)"«"6

jw + 1 (2»4 +
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With these values of the constants we obtain for the value of our Integral,

281100000000000 sq. feet = 2811 x 10" sq. feet.

In order to fix upon a value of E, the coefficient of contraction for 1° Far., I

refer to some experiments on a large scale conducted by Mr Mallet*. And upon reducing

his results I find for slag from an iron furnace i: = -0000215,' whence ^ the bnear

contraction =-000007; which does not difier more than might be expected from the estimates

made at much lower temperatures for rock by Mr Adief. It appeai-s that the integral

^ 4^tY(.2-l:2^) = 4/c«Fx 0-2533,

which varies as the time multiplied by the melting temperature, as the true value of

ke would also do, if it were fully integrated. If we take the Earth's mean radius

at 20 890 000 feet," we obtain as the final result for the two terms that ke is less

' To obtain the coefficient of contraction for 1' F. from Mr Mallet's experiments.

The cones of slag began to solidify when the containing u-on moulds were at 450° F. At

that time the mean coutents of the moulds was 8231-9229 cubic inches, and the volume of the

slag when measured at 53° F. was 7700-2303 cubic mches.

The slag entered the cones at a temperature of 3680°.

By Mr Mallet's estimate, founded on the ii»ie in which solidification commenced, the solidifica-

tion commenced at about " 3062°, or say 3000° F."

Hence the number of degrees through which the temperature fell was 3062°- 53° = 3009°.

We have therefore to determuie £, the coefficient of cubical contraction between incipient con-

solidation and 53° F.

7700 = 8232(1-^^3009),

352 -0647
E =

8232 X 3000 3000

•OOQf^^ = -0000215;

and f^
= -0000071.

' The Earth's mean radius in feet = 20890000.

Hence the fii-st term of the quantity to which ke is approximately equal will be

2811 X 10" X 2 15
~ 2089 X 10* X 10''

= 289-30 feet

The second term in the value of fe is ^^iT -00468 { = mr, suppose)

* Loc. cit., p. 201. t Trans. Hoy. Soc. Edin. Vol. xiil. p. 370.
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than 289 + 183 feet. Probably half the value of the latter term will be a full estimate.

For among other reasons for its being over estimated, it will be perceived that the

contraction for the decrease of temperature, V x 0"00468, has been attributed to the crust

whose depth is 2a in addition to what is j^roper to it. "We may say then that

ke = 380 feet,

and 2ke = 760 feet.

In other words, if all the elevations which would be produced upon the above supposi-

tions were levelled down, they would form a coating over the whole globe of less than 800

feet in thickness. This is an exceedingly small result, especially when we consider that

our calculation has been conducted so as to make the result larger, rather than smaller,

than the exact value would be, if the nature of the analysis admitted of that being found.

But now if we introduce for V the temperature which Mr Mallet has determined for

melting slag, viz. 4000° F., instead of 7000°, and the corresponding value for t of 33,000,000

years \ the result becomes surprisingly small indeed. For then, by the rule of proportion

proved on the last page, 2ke = 144 feet only.

In this case 2a would be about 100 miles.

In what direction are we to look for an explanation to account for the discrepancy

between a value for 2ke anywhere between these very wide limits, and the value 9504 feet,

which we have previously obtained by estimating the existing irregularities of the earth's

surface ; for the latter is from Il"8 to 66 times as large as the former ? It does not

seem probable that any error in the values of the melting temperature between those wide

limits, or in the value of the conductivity on the one hand ; nor in estimating the mag-

nitude of the irregularities of the earth's surface on the other; can explain the difference.

800000 X
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Very likely it will be replied that the great b<asins, shallow as compared to their areas,

which are occupied by the oceans, are not the troughs of great corrugations, but are de-

pressions caused by vertical contraction in the direction of the radius ; in which case they

would not be contemplated by our datum-level equation. It is possible that this may be so

to some extent, and I have accordingly made a correction which wUl help to meet the case.

But if the elevated tracts which form continents are due to lateral compression of the crust,

of which I think there can be no doubt, then the depressions which are their necessary

correlatives must be sought beneath the oceans. Were the strata of the earth in the main

horizontally disposed, vertical movements, however difficult to be accounted for, might

nevertheless be appealed to. But the generally corrugated condition of the more ancient

rocks forbids us to icmore the effect of lateral compression in elevating and relatively de-

pressing the surface. It is thus that we believe the areas to have been raised, out of which

denudincf agencies have modelled the present land, while the depressions have served as

the necessary receptacles for the waste materials so abundantly removed.

In passiuf' I may observe, that I attribute the greater amount of corrugation observ-

able in the older rocks simply to their exhibiting the accumulated effects of repeated

compression, to which the newer deposits have not been so often subjected. But as regards

the orio-inal crust of the earth, formed from the cooling of the melted surface, I have shewn

that the compression, and therefore corrugation, if such has been produced, must diminish

towards the lower parts.

The observed corrugations alone seem sufficient to shew that the amount of compres-

sion, to which the earth's surface has been subjected, must have been very much greater

than the result of our calculation can account for. For instance, in Professor Ramsay's

restored sections, figured in the first volume of the memoirs of the Geological Survey, the

compression appeai-s to lie between Jj and ^, while the country through which they are

carried is by no means violently disturbed : the rocks consisting of the Old Red and Car-

boniferous systems. Were the subjacent strata exposed, they might be expected to exhibit

greater flexure.

It has been shewn that the compression of a shell at the depth x is less than

- r^n dx+ lEVxO. 00468

.

»• Jx -J

The compression at the surface will be obtained by putting x = 0. And then, with

the hich value of 7000° F. for the melting temperature, we get the compression less than

00058, which is nearly ten times as little as that exhibited in the sections.'

' The compression of the shell at the depth x is less than

^rFndx + ^EVx 004 G8,

the first term of which =-|F(2a-a;) -o61-273320 + - (series in a)!;

where ab
ij-
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It is easy to find a relation between 2ke and the compression at the surface, on the

supposition of the law of cooling adopted above. It is,

compression at the surface _ 3 . 6371
,

For the compression at the surface put a; = 0, and this becomes

(V^a-abx 1-273320)

jE ,,/„ 1;27^3320>

E ,,/„ 2-546640\
= ^«Ff2-^^\'•V 7t /

= -aF(l-8426073)

18064
= 400000 X 7000 X i^^

10'"

4x7 X 18964

10"

^=0053;

and the second term = -00023, the two together being less than
1000

Compression at the surfoce =-2^71-8426073 (1)

And 2;t«=2-4K«r(2-i:^lS0)
(2).

Substituting its value for Jir, viz. 1-7467, and dividing (1) by (2), we obtam the ratio in

the text.

Putting 2he = 9504 feet,

t = 100,000,000 years,

a = 2j7l= 400000

;

2ke X 3-6371
we get the compression at the surface, which =

2jKt

9504 X 3-6371

400000

= 0-08

1 ,= T-: nearly.
12 •'

If however, we take the lower value for V, viz. 4000° Far., then

t = 33,000,000 years,

Vk1= 114890;

55—2
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But if we o-ive 2/te the value of 9504! feet, as estimated, then, with the value 7000° Far.

for V, the compressioa at the surface comes out ^, and with the value 4000" Far. for V,

it comes out nearly double that or f These values are so large that although they agree

well enough with Geological appearances, they would involve so great an accompanying

diminution of the earth's radius, amounting to from 600 to 300 miles, and such a different

former condition of the interior, represented by the proportionally increased value of E, as

to render the steps of the above investigation manifestly inapplicable. Nevertheless from

appearances, I think we must be prepared to give up our contraction theory altogether, or

to admit a change of dimensions approaching to such an amount.

Provided the formulae used were applicable, then if we could discover the mean com-

pression at the surface by observation, knowing the value of 2ke, we should have data

sufficient for determining the melting temperature, the time, and the coefficient of con-

traction in the three equations

:

, 2 Are X 3-6371 ,,,
compression at surface = ^ ,—— [i.)

dx s/ttkI

dv 1

in which at the surface a; = and ^ ~
51

'

51-V,^i
^'^

Ae = -4«« Fx 0-2533 (3)
r

Can we then attribute the intense corrugations which meet our observation to any other

source than that of lateral pressure caused by a shrinking globe ? It appears to me

difficult to conceive any other. No local change in the condition of the superficial strata

seems competent to produce a sufficient amount of extension in the superficial strata. I

cannot perceive, as I have already endeavoured to explain, how the deposition of thick

beds upon the sea-bottom could effect it by their weight, and I have elsewhere, I think,

proved that they could not do so by causing a new distribution of heat within the crust*.

There is likewise much reason to believe that consolidation and metamorphism are accom-

panied by a contraction in volume.

9504x3-6371
and the compi'ession =

2*^9780

9000 X 4
= -230M0

°^'^'-^y

"230

= -15 nearly

= ^ nearly.

* Geological Magazine, Vol. x. p. "2 18.
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The supposition that the earth became solid throughout, or nearly so, before a crust-

began to be formed, necessitates the consequence that the contraction, out of which the

compression would arise, must be almost wholly confined to the cooled upper portion : and

it is upon this supposition that we have calculated its amount, and found it so much

smaller than is warranted by natural appearances. If, however, we could suppose that a

solid crust was formed upon the surface, long before its interior jDarts had f.illeu to the

melting temperature, it seems that a much greater amount of compression might result,

through the contraction extending far below the cooled upper jportion. The objection made

to this view is, that the crust would break up as fast as it formed, and sink into the

underlying fluid until the whole was brought to the melting temperature. But Mr Mallet

has shewn, in the paper already more than once referred to*, that tlie difference between

the specific gravities of solidifying and molten rock is so small, being scarcely 6 per

cent., that when we consider the intermediate condition of viscosity, we need not assume

this breaking up and sinking of the crust. And if in its early stages shrinkage cracks

did form, it seems likely that the fluid which welled up into them would immediately

solidify and seal them up. Scrope tells us that "the interior of a lava-stream often

retains a very high temperature for a great length of time after its emission, continuing

to send forth vapour from its crevices and fumeroles, and probably remaining liquid, and

even more or less in motion, throughout its central and lower portion for years (-."

Sir W. Thomson clearly contemplates the mode of solidification from without inwards

as not impossible, for he says "If experimenters will find the latent heat of fusion and

the variation of conductivity and specific heat of the earth's crust up to its melting point,

it will be easy to modify the solution given above so as to make it applicable to the

case of a liquid globe gradually solidifying from without inwards in consequence of heat

conducted through the solid crust to a cold external medium."

If this supposition is admissible, there may have been a considerably larger nucleus

enclosed within the crust in early times than we have at present, and a great portion of

that nucleus may have consisted in superheated water, the rocks being in a state of igneo-

aqueous solution' : and much of this water may have been blown ofif in steam during

' The following remarks upon the above passage were received from a quarter which disposes

me to place great reliance on them :

" It is probable, or rather certain, that water substance, if it exists at great depths under

great pressure and at high temperatme, is neither a gas nor a liquid, being above its critical point.

" In this state substances are easily dissolved in it, not however so much on account of a

greater tendency to combine with water, as on account of a greater tendency of their own to

dissipation. At still higher temperature the water substance becomes itself dissociated into oxygen

and hydrogen. But it does not follow that the dissolved substances will be precipitated. The

macma may be all the more complete the higher the temperature, because, though the bonds of

affinity have fallen away, the prison-walls prevent the elements from escaping. But of all the

known regions of the Universe the most unsafe to reason about is that which is under our feet."

Phil. Trans. 1873, p. 160, § 50. t Volcanos, 2nd Edition, p. 8-1, § 8.
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volcanic eruptions, by that means materially contributing to the diminution of the volume.

I have suo-o'ested in my former paper read before this Society, that Mr Sorby's observa-

tions on the water enclosed in granitic crystals, along with crystals of chlorides, renders it

probable that the steam emitted in eruptions may be a constituent part of the deep-

seated rocks, for it is probable that but a small part of the water contained in any

magma would become confined in the interior of the crystals.

Here, however, the question arises whether it would be possible for a crust to form

over a layer of molten rock in a condition of igneo-aqueous fusion. Would not the

escape of the water cause a state of constant ebullition which would prevent the forma-

tion of any crust until it had ceased through the escape of all the water ?

The idea of iii-neo-aqueous solution involves a condition of chemical combination between

the water and the elements of the rock such that wliUe that condition lasted there

would be no tendency to separation between the two, and evaporation would be in

abeyance. We can therefore conceive that at depths where the heat and pressure were

sufficient there might be no tendency to evaporation and consequent ebullition, so that

after the water had escaped to a certain depth ebullition would cease, and a crust be

formed ; but that more water would be ready to separate to a greater depth when its

affinity for the I'ock became lessened through the abstraction of heat, or diminution of

pressure owing to the crust being partially supported by corrugation.

If such was the condition of the interior in the early stages of the cosmogony, a

lart^e portion of the oceans now above the crust may once have been beneath it, and

thus we gain a novel conception of a sense in which the fountains of the abyss jnay

once have been broken up.

A somewhat analogous escape of elastic vapour from beneath a denser envelope is

I beUeve considered to be now taking place in the Sun.

The comparatively small specific gravity of the earth as a whole, considering the

great pressure to which its interior parts must be subject, has been held to prove that

it is even now in a state of expansion through intense heat*.

But the question of its true condition is surrounded with difficulties. The suppo-

sition made by Sir Wm. Thomson of a cool nucleus covered by a sufficiently deep

layer of molten rock is adopted by Dr Sterry Huntf, and would afford the conditions

required by the argument of this paper. It would also afford the mean rigidity required

to meet the objection to a fluid interior dra\\Ti from the absence of internal tides.

But it would not account for the small specific gra\-ity of the whole, nor yet would it

meet the argument from precession in the form in which it was originally advanced by

Mr Hopkins: for a layer of fluid beneath the crust would destroy a rigid connection

between it and the interior. This form of the argument however has been attacked,

and apparently with some success
J-

The late Archdeacon Pratt, in defence of the general

• Herschers Phya. Geography, 2nd Edit. p. 7. + Aimrican Journal of Science, Vol. v. p. 264.

I General Barnard ou "Problems of Rotary Motion," Smitlisonian Contribution, No. 240.
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argumeut from precession, placed the matter in a simple light in a letter to Nature in

1871 * and in that form I think it •would be met by the supposition of a cool nucleus

covered by a molten ocean with a solidified crust. But I would invite attention to the

fact that the conclusions I have aiTived at, concerning a highly fluid condition of the

interior, have reference to an early period of its history; while the tests of the tides,

and of precession, are confined in their application to the present. Nevertheless I am
disposed to think that, at any rate, what may be termed a superheated condition of the

mass still exists at no very great depth below the surface. By which I mean that if it

be solid the solidity is due to pressure.

* Nature, Vol. iv. p. SH.



III. On the Inequalities of the Earth's Surface as produced hy Lateral

Pressure, ujion the hypothesis of a liquid substratum. By Osmond

Fisher, Clk., M.A., F.G.S.

[Read Feb. 22, 1875.]

So long ago as in 1831, the late Professor Sedgwick wrote, "As the earth has apparenth'

diminished in temperature, we have a right to look for son\e indication of a contraction of

its dimensions. May not some of the great parallel corrugations of the older systems

of strata have been produced by such a partial contraction * ? " This theory is now

commonly accepted, and there seems no nece.ssity for limiting its application to the older

systems of rocks.

The principal difficulties connected with the inequalities of the earth's surface appear

to be with regard to the basins of the great oceans. Were the earth a perfectly smooth

spheroid, without any inequalities in its surface, even in that case an excess of density

in particular regions would determine a flow of water towards them, and it is conceivable

that dry land and oceans might exist, even although the radial distances of the land-sur-

faces and of the sea-bottoms from the centre of figure might be perfectly equal. That the

distribution of the oceans is to some extent actually due to such a cause appears certain

;

for otherwise a whole hemisphere could not be almost entirely covered with water. On
this point Archdeacon Pratt remarks, "There is no doubt that the solid parts of the

earth's crust beneath the Pacific Ocean, must be denser than in the corresponding parts

on the opposite side, otherwise the ocean would flow away to the other parts of the

earth." And after explaining the reason for this statement he adds, " There must there-

fore be some excess of matter in the solid parts of the earth between the Pacific Ocean

and the earth's centre, which retains the water in its place. This effect may be produced

in an infinite variety of ways ; and therefore, without data, it is useless to .speculate

regarding the arrangement of matter which actually exists in the solid parts belowf."

And Herschel considers that the prevalence of land and water in two opposite hemispheres

"proves the force by which the continents are sustained to be one of tumefaction,

inasmuch as it indicates a situation of the centre of gravity of the total mass of the

* ' On the general strnoture of the Cumbrian Mountaina.'

Trafw. Geol. Snc, Jan. 5, 1831. I am indebted to Mr
Bonnoy for this reference.

t FiouTC of the Earth, Itli cd., p. 23G. 1871. A great

ice-cap would also have its effect. See Croll's Climate arid

Time, Chaps, xxiii, xxiv.
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earth somewhat eccentric relatively to that of the general figure of the external surface

—

the eccentricity lying in the direction of our antipodes : and is therefore a proof of the

comparative lightness of the materials of the terrestrial hemisphere *."

A like conclusion as to the greater comparative density of the bed of the Ocean,

was arrived at by Archdeacon Pratt from the fact that at seven Coast Stations out of

thirteen, six being in the Anglo-gallic, and one in the Russian arc, it has been found

that a deflection of the plumb-line exists towards the sea.'f. "In fact," he remarks, "the

density of the crust beneath the mountains must be less than that below the plain*;,

and still less than that below the ocean-bed. If solidification from a fluid state com-

menced at the surface, the amount of radial contraction in the solid parts beneath the

surface of the mountain-region has been less than in the parts beneath the sea-bed.

In fact it is this unequal contraction which appears to have caused the holloTs in the

external surface, which have become the basins into which the waters have flowed to

form the Ocean." Latterly, however, he attributed the formation of mountainous regions

to horizontal compression;]:.

Mr Mallet, in his paper on Volcanic Energy, takes a similar view. He thinks that

the land- and sea-boundaries were shaped out by radial contraction during the first great

stage of the operation of refrigeration, while the crust was thin and flexible, owing to

the rapid contraction of its viscous portion, which must then have been much thicker than

the solid sheet above it §.

Mr Hopkins appears to have been opposed to such views as maintain a difference

of radial contraction ; and to have held that lateral compression was the cause of the

formation of the greater inequalities as well as of the lesser one.^ for we find him in

discussing M. Elie de Beaumont's theories to have used these words :
" The physical cause

to which our Author refers the phenomena of elevation—the shrinking of the earth's crust

—is that which appears to me most unlikely to produce that paroxysmal action which

his theory so essentially requires ; and most likely to produce those slow and gradual

movements which it scarcely recognizes. The actual depressions of the great oceanic basins,

and generally the more widely extended geological depressions of the present or former

periods, may, I think, be referred with great probability to this cause |j."

The theories respecting the formation of the larger features of the earth's surface

are discussed by Professor Le Conte in so lucid and unprejudiced a style, that his

papers are well worthy of study. The following passage conveys his conclusions. " Moun-

tain chains and mountain ranges are therefore, I think, beyond question produced by

horizontal thrust, crushing together the whole rock mass, and swelling it up vertically;

the horizontal thrust being the necessary result of secular contraction of the interior of

• Physical Geography, § 13. 1862.

t Firjure of the Earth, pp. 200 and 206. 4th Ed. 1871.

J In the third edition of the Figure of the Earth no

mention was made of horizontal compression, but moun-

tains were attributed to vertical expansion. In the foiuth

the author's estimate of the horizontal force of compression

is referred to.

§ Trans. Royal Society, 1872, § 52 and § 60. Mr
Mallet's theory has been discussed by Mr Scrope in the

Geological Mag., Dec. ii. Tol. i. pp. 28, 127, and by the

author, Journal of Geol. Soc., Vol. xxxi. p. 469, and Phil.

Mag. , Oct. 1875.

II
Presidential Address to the Geol. Soc, 1853. Gcol.

Journ., Yol. ix. p. Ixxxix.

Vol. XII. Part II. 5G
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the earth. The smaller inequalities, such as ridges, peaks, gorges, and in fact nearly all

that constitutes scenery, are produced by subsequent erosion. I feel considerable confidence

in the substantial truth of the foregoing statement of the formation of mountain-chains.

As to the mode of formation of continents and sea-bottoms, I feel less confidence. It

is possible that even these may be formed by a similar unequal yielding to horizontal

thrust, and a similar crushing together and upswelling. If so, it would be necessary to

suppose the amount of horizontal }'ielding in this case much less, but the depth effected

much greater than in the case of mountain-chains. But as we find no unmistakable

structural evidences of such crushing, except in the case of mountain-chains, I have

preferred to attribute the formation of continents and sea-bottoms to tmequal radial

contraction*."'

The last sentence of this passage appears to invite the remark that we cannot

expect in general to have evidence of crushing except in those areas which are open

to investigation, viz. on dry land. But tJiere it is not confined to mountain-chains.

Contorted strata are to be also found in what would be termed level countries, often

covered with horizontal deposits of later date i" : and this fact in itself proves that these

contorted strata have been once covered by an ocean, offering a strong presumption that

there are contorted strata now at the bottoms of the oceans.

I have lately shown, in a paper read before this Society in December, lS7o, that

if the earth be supposed to have become solid throughout simultaneously, and if the sur-

face of the ocean be now parallel to what would have been the surface of the solid globe

if no inequalities of contour had resulted from its contraction (and I call such a surface

the datum level), then the inequalities produced by the contraction through cooling would

have been very much less than those which actually exist : for I have proved them to

be from sixty-six to eleven and a haK times as great as they would have been under the

supposed circumstances, according to what assumption we make regarding the surface-

temperature at which a permanent crust began to form, between the limits of 4000° Fahr.

and 7000° Fahr. respectively. And I have suggested, as a mode of accounting for this

discrepancy, that the earth need not have become solid throughout simultaneously, and

consequently may have been considerably larger than it is now at the time when a

.solid crust was firet formed.

But it is obvious that in strictness this reasoning fails if the surface of the water,

to which the inequalities are referred, be not parallel to what would be the surface of

the solid globe, if no inequalities of contour had resulted from its contraction, that is

to the "datum level"; its increased depth in the great oceans being in that case supposed

due to greater density beneath them. And therefore I have in my investigation allowed

a considerable margin to meet this supposition. But I suppose that the soundings at

the edges of the oceanic basins, and indeed over their entire areas, will be admitted to

prove that they are in the main essentially depressions.

It also fails—and this case is more important—if, in accordance with some of the

* American Journal of Science, 3rd series, Vol. rv. p. 4G2. 1872.

t For example the highly contorted carboniferous strata of parts of Belgium.
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views already referred to, tlie oceans occupy depressions in tlie earth's surface produced

by unequal contraction in the radial direction. Upon such a supposition the view of

Archdeacon Pratt and Professor Le Conte appears to receive support from my result

;

for if lateral compression from the cooling of a solid globe will not account for the

inequalities of the surface, it seems natural to call in to our assistance difference of

radial contraction.

But it appears to me that the explanation of the formation of oceanic areas bv

this means (if mere coohng be its sole cause) is encompassed with more difficulties than

upon the other view of compression. And these appear to have struck Professor

Le Conte himself: for later in his paper* he says, "I am fully aware that there are

some phenomena of movement of the earth's crust, which are not explained by the

foregoing theory. I refer especially to those great and wide-spread oscillations which

have marked the great divisions of ti7ne, and have left their impress in the General

unconformability of strata. The last of these great oscillations took place duriuo- the

Post-tertiary period. I cannot explain these oscillations."

That there have been such o.scillations of level seems incontestable. The same areas

have risen and sunk, again and again, during the lapse of ages. The deposits of the

Appalachian Chain we are told attain a thickness of eight miles
-f-. Consequently the

rocks now exposed at the localities wliere the lower beds of the series are at the surface,

must at one time have been some miles at least below the sea-level. If that which is

now dry land was once so far below the sea, it is not only probable from analoo-y that

an area which is now sea was then correspondingly raised, but it is necessary that the

area now occupied by sea must have presented laud-surfaces, in order to have furnished

the detritus out of which the rocks of the present dry land were formed. And in the

case of the Appalachians, that land has been proved to have been situated to the

Northward, and also the detritus to have come " especially from a continental mass to

the Eastward
:J:,"

where the Atlantic now rolls.

The Islands of New Zealand, occupying a central position in the aqueous hemisphere,

contain a series of deposits analogous to those of the northern hemisphere§, whence it

follows that they must have been often submerged during periods when land-surfaces

existed in what is now an extended ocean, from which lands the materials of their

rocks must have been derived.

In considering this great subject, we are at once brought face to face with the

vexed question of the condition of the earth's interior, whether it be rigid or not. On
the one hand we have Sir W. Thomson's arguments

||
for the rigidity, as deduced from

the amount of precession. And although General Barnard has demonstrated that a fluid

nucleus enclosed in a rigid crust would behave as a solid under the action of the

precession producing forces% yet for practical purposes this will not assist the view which

* Loc. cit., p. 472.

+ Hall's Paleontology of New York, p. 67.

t Le Conte, American Journal of Science, Tol. iv.

p. 464.

§ Capt. F. ff. Hutton, Geol. Mag., Decade ii., Vol i..

p. 27, note. See also Hochstetter's Geologij of New Zealand.
Auckland, 1864.

II 'On the Bigidity of the Earth,' Phil. Trans., 1864.

^ SmitJisonian Contributions to Knowledge, No. 240.

Washington City, 1871.
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requires a fluid nucleus, for no crust can be supposed so rigid as not to yield to the

pressure of tides internal to it.

On the other hand, the close accordance of the figure of the earth with the present

values of the radius, and of the angular velocity, neither of which can be considered to

have been always exactly the same as they are at present, shows that there is probably

some capability in the matter of which it is composed for readjusting itself when the values

of these elements are changed. Combined with these considerations, we have those which

point to a very high temperature in the interior, resting not only on the observed increase

of heat in descending, but also, as Herschel has remarked, on the mean density, so much

less than might be expected when the great interior pressure is taken into account. These

facts taken together appear to give probability to Sir W. Thomson's suggestion, that the

biorh rigidity of the interior -may be due to pressure, which may be sufficiently great to

enable it to resist the deforming influence of the disturbing forces of the Sun and Moon.

But although we cannot conceive of unequal radial contraction from cooling merely apart

from rigidit}', yet, on the other hand, rigidity will not of itself render unequal radial

contraction probable. If the interior of the earth consists of matter so highly heated that

it owes its rigidity to pressure, this seems to require that if there be inequality of con-

traction, it must reside within the limits of the crust, cooled below the temperature of

fusion for the pressure ; that is, in that portion in which liquefaction would not result upon

a reduction of the pressure.

If unequal radial contraction from cooling has taken place, it seems that it must

have arisen from one of two causes, or from those two co-ojjerating, viz. firstly, from a

difference in the conditions of cooling under which any two areas in question have been

placeil, or secondly, from a difference in the constitution of the materials of the globe at

those two places.

Now if we take 0-00002 as the coefficient of contraction of rock for 1° Fahr.,

which is what Mr Mallet informs me to be the mean, and if we take 4000° Fahr. on

the same authority for the temperature of melting rock, then 0'08 is the coefficient for

contraction from the melting point to 0" Fahr., and one-third of this, or 0'027, that of

linear contraction. Hence it would require a thickness of -tOO miles cooled from 4000° to

zero to give rise to a contraction of 10 miles upon any given radius, and if upon some

other radius we conceive the contraction to have been from some cause or another one-

tenth more, thea on these suppositions we might have a difference of contraction of one

mile upon the two radii in (juestion. The excessive extravagance of tltese assumptions,

and the inadetpiacy of the rcswlt even if we ignore the phenomenon of oscillation of

level, sufficiently prove that the existing inequalities of the surface cannot be explained

by difference of radial coBtractiou through cooling. Nor is this all : for in regard to the

conditions of cooling, it seems likely that those areas which are sea bottoms would cooi

more rapidly, on account of the heat being conveyed away by the ice-cold water which

is found at the bottom of deep seas. So tliat the tendency from mere cooling would be

continuously to deepen the seas, without any corresjwuding cause to re-elevate their floors.

Tiie supposition tliat the thick deposits wiiicli go on at the bottom of some seas may

act a.s a "jacket" and prevent the escape of heat, meets this objection only to a small
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extent ; first, because these deposits appear to have taken place over sinking areas, and

to be so taking place still (and we can hardly attribute the stoppage as well as the

reversal of the movement to a cause of such slight potency as difference of cooling has

been shown to be). And secondly, because the heat conducted into the new deposits,

and by some relied upon to re-elevate them, must be abstracted from the couches

beneath, so that there can be no absolute increase in the amount of heat beneath the

area in question*.

If we now consider the second cau.se capable of producing a difference of radial

contraction, viz. a diversity of the materials of the globe at the two places in question,

it is palpable that this cannot explain oscillations of leveL For that would require the

materials to become changed in their properties from time to time, in a manner highly

improbable. Humboldt's suggestion of secular currents in the interior to explain the

oscillations of level
-f-

is directly opposed to the condition of rigidity of the nucleus. In.

short, it seems that no modification of the theory of difference of radial contraction,

arising from cooling merely, can be relied upon ; and it becomes important to enquire how
far the theory of lateral compression, combined with the hypothesis of a liquid substratum,

can account for the phenomena of elevation and depression of areas of the earth's surface.

And here it is proper to notice a paper of much interest by Professor Shaler^, who
does not appeal to radial contraction, but only to compression. He insists upon a distinction,

which he thinks ought to be drawn between the corrugations exhibited in mountain-

ridges, and the broader features of " continental fold and oceanic depression §." " We find

in continental folds broad curves of the surface, which narrow without exception towards

the south, and which exhibit in no pai-t of their structure the evidence of powerful lateral

thrust, which are the most conspicuous phenomena of mountain-chains." He seeks an

explanation of this circumstance by attributing the larger folds of continental and oceanic

areas to the adaptation of a soKd crust to a diminished nucleus, and suo-^ests that the

cause of the corrugations, producing mountain-chains, must be sought in changes o-oino-

on within the crust itself, and in no way connected with the regions below. If I under-

stand his meaning, he considers that there has been formed a solid crust, of which the

lower layers were formerly much hotter than they are at present, and that the tendency

to equalization of temperature between the lower and upper portions of the crust, has

produced corrugations most intense in its upper layers. But besides this he thinks that the

nucleus within the crust has shrunk away from the crust as a whole, so that corrugations

of a wider and less abrupt character have been produced in the crust as a whole; these

wider folds forming the broader features of continental fold and oceanic depression.

In support, of his view, as regards tbe contraction within the crust itself, he adduces

Sir Wm. Thomson's estimate of the secular diminution of the rate of increase of heat

in descending. But he does not fully explain why the nucleus should contract away
from the crust as a whole. If the contraction be simply due to loss of heat from a solid

* See a paper by the author, Geol. Mag.,Yol x. p. 251. I June 6, 1866, in GeoL Mag., Vol. v. p. 511.

t Cosmos, Tol. IT. p. 19. Sabine's Ed. § Loc. cit., p. 514.

J Reprinted from Proc. Boston Soc. of Xat. Hist., I
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earth, the temperature increasing continuously from that of the surface to that of solidity

due to pressure, there ought not to be any abrupt passage from the rate of contraction

of the crust itself to that of the matter inside it, so that the series ought to be main-

tained which this author denies to exist ;
" at one extremity of which could be placed the

greatest relief of continental fold and oceanic depression, and passing gradually to the

most inconsiderable flexures."

Now it is remarkable that while, upon calculating the amount of inequalities of the

surface, large and small, which can be got out of the compression arising from the con-

traction due to cooling, taking the temperature in descending to increase according to

Sir W. Thomson's law for a solid globe, I have found that it falls very far short indeed

of that which exists
;
yet I have shown above, that we must, for all that, look to causes

connected with lateral compression and not to difference of radial contraction to account for

these inequalities.

I conclude, therefore, that Professor Shaler's idea is in the main correct, although he does

not distinctly explain the reason of the crust being left behind by the contracting globe. He
holds that the earth first solidified from the centre, and after a time from the surface also,

so that there is probably at present a thin layer of molten material between the solidified

crust and a solidified interior. According to this view all the contraction required to make

up the deficiency between the inequalities as calculated for a solid globe, and the inequali-

ties as they exist, must be obtained from the amount by which this intervening layer has

contracted since the time when the crust first solidified. I do not see how this can suflSce,

imless we invoke some further cause of diminution of volume, besides the contraction which

would be due to mere cooling ; such as the escape of gases, and of water in the state of steam,

from volcanic vents*. But in any case the conclusions of Professor Shaler and myself,

formed on totally distinct grounds, lead to the same general result, viz. that there is a solid

crust, resting in corrugations upon a liquid or quasi-liquid heated layer. The existence of

such a layer of liquid or viscous matter seems to be rendered probable by the following

consideration. The increase of temperature, though rapid near the surface, becomes less

and less as we descend, so that, if the earth were once wholly melted, the temperature near

the centre is not very greatly above what it is at a depth which, compared to the earth'^

radius, is small. Consequently, if it requires great pressure to solidify the materials at

such a temperature, it is probable that the melting temperature may be reached before the

pressure is sufiicient to solidify. Of course this reasoning is worthless, unless we admit, as

I hold we may, that the crust need not break up and sink.

A further argument of great weight in favour of the existence of such a layer is

that the contraction of the sphere has been evidently relieved by corrugations, not uniformly

distributed over the surface, but locally along lines of elevation, often separated by

considerable intervals. There must therefore have been a lateral movement of the crust

• The eminent vnlcanologist, the late Mr PoiUett Scrope,

wrote to the autlior in October, 1875; "There is one of the

points you put fimvard whieli never struck me before, but

which now appears to me most valuable, namely that the

enormous amoimt of steam that has escaped from the

interior in early times as well as down to the present, has

been, and is, the cause of those subsidences of the crust, to

which the basins of seas and oceans, and the crumpUngs of

the terrestrial rocks are owing, far more than to any general

contraction of the nucleus by cooling."
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over the nucleus towards these lines of elevation, which can hardly have been the case

unless there exists a more or less fluid layer upon which it rests*. Should such a Hquid

layer exist, it would be subject to tides. But they would be analogous to the oceanic tides

rather than to tides in the solid earth, and their period would probably be greater

than half the diurnal period, as is the case with the ocean-tides. Consequently the crest

of the wave would not be opposite the disturbing body, and would not affect precession

as much as if it were. But it might have an effect in causing disturbances in the crust,

and inducing earthquake action, as the observations of M. Perry show to be probably the case.

Assuming then that a solid crust rests in corrugations upon a liquid or viscous layer,

which is capable of yielding to such forces as the gravitation of the crust exerts, we have

to consider the conditions of equilibrium of such a crust.

In the first place, the disturbances which we see that it has experienced, to the

greatest depths which denudation exposes to our observation, prove that when once dis-

turbed in lengths of any e.Ktent it may be considered flexible. Moreover, when it rests in

corrugations upon the subjacent liquid, it must be in unstable equilibrium ; that is, the

corrugations can have no particular relation to the jjlaces where they occur, but might

exist equally well at some other. Here we at once encounter a condition which renders

oscillations of the surface possible, provided we can account for the disturbance of the

position of equilibrium.

We are not able strictly to investigate by means of mathematical formulfe the form

which such a crust as I have supposed would assume. The surface of equilibrium would not

be developable into a spherical one. But, nevertheless, it appears to me that we may

obtain some insight into the general character of the corrugations, by enquiring what form

would be assumed by a heavy flexible crust, resting upon a liquid within a rectangular trough

shorter than the crust, for this would give an approximate idea of the contour of the surface

upon the course of a section of the sphere perpendicular to its surface and cutting a set

of corrugations at right angles.

It may be assumed that the trough and crust were originally of the same length, and

that the corrugations have been produced by the ends of the trough having been made to

approach each other.

* Captain Diitton, U.S.A., in an interesting paper "On
the Contractioual Hypothesis " published in 187i, in which

he uses a line of argument similar to that followed by the

author in his paper " On the Inequalities of the Earth's

Surface," of Dec. 1, 1873, and equally concludes that no

contraction from cooling can adequately explain the plica-

tions of the Strata, has the following important remark

:

"The determination of phcations to particular localities

presents difficulties in the way of the contractioual hypo-

thesis which have been underrated. It has been assumed

that if a contraction of the interior were to occur, the

yielding of the outer crust woidd take place at localities of

least resistance. But this could be true only on the as-

sumption that the crust could have a horizontal movement

in which the nucleus does not necessarily share. A vertical

section through the Appalachian region and westward to

the 100th meridian shows a surface highly disturbed for

about two hundred and fifty miles, and comparatively

undisturbed for more than a thousand. No one would

seriously argue that the contraction of the nucleus had

been confined to portions underlying the disturbed regions:

yet if the contraction was general, there must have been a

large amount of slip of some portion of the undisturbed

segment over the nucleus." He does not consider such a

"sUp" possible, even with a substratum of "liquid lava."

Ainerican Journal of Science and Arts, Jsin. 1874, p. 113.

The author has however shown that the coefficient of

friction required to allow of such a movement of the cnist

would not be smaller than might be thought admissible.

See "Mr Mallet's theory of Volcanic Energy tested," P;ii7.

Miiff., Oct. 1875, Vol. oO, p. 317.
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Suppose COX to be a vertical section of the trough,

CPA the section of the crust whose thickness is c,

OX, horizontal, the axis of x,

OY, vertical, that of y,

OM=x, MP=y, PTM=e,

r the radius of curvature at P,

p the density of the crust,

a that of the liquid,

p the pressure of the liquid at P,

t the force of compression in the crust in the direction of the

tangent at P.

We may suppose for the present that the flexibility of the criist is not impaired by

its thickness.

Then applying the conditions of equilibrium we obtain the following equations

:

(1) t=gpc{C— y), where C is an arbitrary constant.

(2) p = gpc cos e--^^.

Let h bo the value of the ordinate at the highest point A, and / the depth of a

layer of fluid of the density of the crust, which upon a unit of area would produce a

pressure equal to the compression at A. Let S be the depth of a layer of fluid of the

density of the crust, which would produce a pressure equal to the fluid-pressure at A.

Then from (1) we have

compression at A =gpcf=gpc {C—h);

..f=^C-h.

Also p = the pressure due to the depth below A + the pressure at A
;
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Therefore, substituting in (2),

gcT {h - y) +gpB = gpc (^cos 6 + ^^ j .

Chauge the origin to 0' by putting y'=y—C;

.: y = y' + C=7j' + h+f.

Hence when y = h, y = —/, so that / is the depth of A below the new origin, and

A-2/ = -(y+/);

whence, by substituting for y,

or -ay' -{<7f-p^)^pc(^£ + Y).

Integrated this gives,

-
^l-

- (o/- pS) / = pcy' -£ + ^>

or, P«/'^+(<^/-pS)/+|y= = -i> (A).

If this equation be solved with regard to y' it will give two values of y' for one

value of -r or cos 6.
as

dx
And if it be solved with regard to ,-

, or cos 6, it will give the same value for cos 6

whenever y' is the same.

The curve is therefore of an undulating form as in the figure.

If the two values of y be made equal, they will give the points of contrarj" fle.xure.

dx . . .

If we put — = 1, this will give the maximum and minimum ordinates.

Now we know that one of these is —f. Hence we may find D
;

.-. Z? = cr-J + p(c-S)/.

Substituting this value we get for the said ordinates,

-/-^(c-S)±|(c-S),

and tlieir difference,

2-^(c-S).

Vol. XII. Pakt II. 57
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We have from equation (2), by making ?• infinite, since t is not infinite, at a point

of contrary flexure,

P = ffP^ cos 6,

or - <ja- {y +/) +gp^= gpc cos 6.

Substituting the corresponding vaUie of cos 6 in the general equation, we get

2/' = + /y/r + 2^(c-S)/

for the depth of the point of contrary flexure. The negative sign must be taken.

The radii of curvature are, at an anticlinal.

and at a synclinal.

r- 'f

C — b a

To determine the constant / we must discuss the conditions at an anticlinal. Consider

any element ds of the curve, and let the horizontal and vertical

components which act upon it from beyond at one extremity of it be

R and Q,

p the fluid pressure,

t the compression,

6 the inclination of the tangent to the horizon,

as before.

Resolving vertically, we have for equilibrium,

p cos 6ds 4- 1 sin 6 — gpcds + Q = 0,

and horizontally.

Eliminating t,

p sin Ods — t cos 6 -\- R=0.

pds — gpc cos Ods + Q cos ^ + i? sin 6 = 0. •(!)

Now this being true when ds is indefinitely diminished, since Q and It are nut tliereb}'

altered, we have generally,

Qco5d + R sin 6 = 0.

But at an anticlinal Q and R must be the vertical and horizontal components of the

compression at one side of the anticlinal. From the nature of the case the vertical com-

ponents of the compression on either side of the anticlinal must act in the same ilirection

;

and therefore they cannot be in equilibrium unless they are separately zero. And Q is

one of them

;

••• « = 0;

.. also R sin 6 = 0,

whence either sin ^ = 0, or R = 0.
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Let us consider these two cases iu order. When tlie element is un(h-r the action of

the forces Q and B at one extremity of it, and ds is indefinitely diminislied, observing

that Q cos ^ + ii sin ^ = 0, we have from (1) in the limit

pds — (jpc cos 6ds = 0,

pds

ffpc cos Ods
= 1.

Now at an anticlinal we know that p=gpS, and (in the case we are now considering)

cos ^ = 1, and these are the values which these quantities assume there when ds is indefi-

nitely diminished.

Hence at an anticlinal the above becomes in the limit

Cipc

that is, when the curve is horizontal at an anticlinal,

B = c.

This condition evidently belongs to the case of a crust lying horizontally upon the liquid,

which is a particular case of the general problem. In this instance the difterence of the... 2/3
maximum and minimum ordinates — (c— 8) as found p. 443 vanishes, as it ought to do.

Next consider the second case, viz. when E = 0. In this case /= since / measures E.

The relation f= shows that there is no compression at the anticlinal.

In this case tan ^ = — p takes the form of ^

.

The origin of co-ordinates is by the same relation for / brought to the level of the

anticlinal s.

Our equation (A) now becomes, suppressing the dash over the ?/,

dx » o-?/

ds pcj

dx
This expression shows that i) = 0, otherwise -j- (or cos ^) would be infinite at an

anticlinal where, reckoning from the newly determined origin, y = —f= 0.

Dividing the numerator and denominator by y,

-, pB- (7\:
dx _ 2

ds pc

.57—2
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Intecrating this eciuation, and taking the origin at an anticlinal, we olitain

x' + y-- ^- X \'7^J' - ^ 8 V = 0.

This represents a circular arc.

If \ be the distance from one anticlinal to the next, we obtain for 5 the value

^ = \/^'-l^^'

and for the final equation

h^y +i^-iv^^^-^v=^^^'
which gives the co-ordinates of the centre

5, and ^^ -^c -X ;

'Ir

and the radius ~-c.
a

4p
Tliese conditions are possible so long as X is less than - c ; in which case the

cr

festoon between the anticlinals becomes a semicircle.

It can easily be shown, by introducing the supposition that the curve is a circle

into the equations of equilibrium (1), (2), that the difference of pressure varies a.s the

difference of the ordinate. This variation would of course be true for any curve, but it

would not be consistent with giving equilibrium of form to the curve unless it satisfied

the equations of equilibrium.

It appears therefore that, when no extraneous force acts upon the crust, it Avill assume

the form of a scries of equal circular arcs, the radii of which depend solely upon the

mass (pc) of a unit of length of the crust, and upon the density a of the liquid on

wliich it is supported. The degradation of the undulating curve into a series of circular

arcs takes place through f becoming zero. The cun^ature (p. 444) at an anticlinal in this

case becomes infinitely great.

The next step is to conceive a long trough, bent lengthwise into a circular form of

large radius, and tiiat the crust and liquid are acted upon by a force gi-avitating towards

the centre, and so we approximate to the case of a section of the earth's surface taken

along a great circle. In this case we must suppose the curve reentering. No extraneous

farce acting, the circular festooned form will approximately represent tlie curve of eciui-

librium.

But for simplicity of conception it will be better to return to tlic idea of tiie rect-

angular trough, anil to suppose that the curve is in tlie ptiase of an anticlinal where it

meets the trough at eitlier end ; wliicli condition is necessary for eiiuilibrium if there is

no friction there : and that there are m festoons.
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Having fouud the form of equilibrium we have now to enijiiire what relation it holds

to the length of the trough.

We will consider tliat the trough was originally of the length L, and that it is

compressed until its length becomes L{\—e). Then since -c is the radius of every

circular arc which can admit of equilibrium, and that the chords of the m festoons, or

arcs, must equal the reduced length of the trougli, putting for the angle subtended by

each festoon, we must have

OT.2.?^csin^=i(l-e),

and because the whole length of the crust is that of the trough before compression,

(T

<f>sin~

whence
"T"" ^ ^ ~^ 0-^'

2

and m = Tr- —r (2).

Any value of e less than unity substituted in (1) will give a corresponding value

of 4), and tlicnce from (2) a value of m. But none but integral values of 711 will be

comjDatible with ecjuilibrium, because the curve must meet either end of the trough at

an anticlinal.

<^ diminishes as m increases, and when ni is infinitely great and
<f)

infinitely small,

= 1-6

2p
.. m-!^ c^ = L;

sm ^

2

becomes unity, and therefore e = 0, or there is no compression.

m also increases as c diminishes. Hence, ecetens panhus, the festoons are more

numerous with a thin crust than with a thick one. The geometrical relations show that

the lengths of the festoons must increase, and their number diminish, as the compression

is increased.

Consider now the crust to be in equilibrium with a certain pair of valves of m and t,

m being integral, and let the trough then be shortened, but not sufficiently so for the

next integral value of m to be reached. What will happen ? The festoons cannot

alter their curvature so as to adapt themselves to their lessened chords. It seems then

that the compi-ession at the anticlinals mu.st become finite, instead of being zero, and

that the ends of the festoons will be pushed up against each otlier, by which means

material will be accumulated there, and Q and R will become finite at the anticlinals.
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This will accord with the undulating form of the curve, but it seems that the equilibrium

iiiust become unstable, on account of the weight resting on the anticlinal in the hio-hest

possible position. It will therefore be liable to slide down upon the surface of the liquid

on one side or other of the anticlinal.

Let us suppose then that a portion of the crust PQ, whose weight

is Q, has become thickened by the accumulation of material, and let

P be the mean fluid-pressure upon this portion of crust. And let

it be supposed that the curve is cut off above Q.

Then we have for the equilibrium of PQ,

Qsmd = t

and Qcosd = Px PQ.

The first of these equations combined with (1) p. 4-12, and with the equation to the

circle, will give the position of the point P to which PQ will descend, balancing the

i;urve below it in the same manner as it would be balanced if the curve were continuous

above instead.

The fluid-pressure need not be altered by the above supposition, because the general

pressure will keep the anticlinal filled, although some of it should tend to escape above PQ.

But if the crust which was upon the other side of the anticlinal, surmounts it, and follow.s

PQ down the incline, it will produce compression above Q, and it seems that Q must, in

tliat ca.se, descend to the synclinal, where if p be less than cr it will float and not dis-

turb the general form of the curve beyond it. PQ, while thus descending, will force up the

crust on the other side of the festoon, which in its turn surmounting the anticlinal, will

descend the next incline. These changes, however, will take place rather by a relative

movement of the liquid, than by an absolute movement of the crust, and will cause alter-

nate elevation and depression of any given point in the crust.

It seems probable that the thickened portion of the crust may tend to descend more

rapidly than it is followed by- the crust surmounting the anticlinal, in which case the

compression will be more or less relieved, and fissxires formed part of the way down the

silk- of the festoon, through which the li(juid would escape.

This seems to offer a possible explanation of the situation of volc^mic vents along lines

l)arallel to mountaiu-cliains.

The tendency to heap up matter about the anticlinals, would, in the case of the earth s

crust, cause the strata to be accumulated in positions in which the tendency would be for

them to slide among themselves and descend superficially to suit the angle of repose, thus

causing the successive foldings and secondary corrugations, even on the smallest scale, such

MS occur on the flanks of the primary or central chains. And the folds might even tend

to slope away from the crest, producing inverted bedding.

Some amount of secondary corrugation would also be produced by the bending of tlie

crust into the festoon-like form. But for several reasons it is not possible to say how
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much. In the first place, this would increase with the thickness of the crust, and diminish

with increase of radius of curvature. But in nature the curvature would have been greatest

when the crust was thinnest, and would go on diminishing as the thickness increased.

In short, if any point in the cune could be conceived to be at no time at an anticlinal,

at such a point the curvature would go on perpetually decreasing as the crust grew

thicker, and the compression of the general surface increased.

It will also be noticed that the under side of any festoon would be subject to tension

from the bending, and disposed to open cracks ; while the compression (t) to which it is

exposed would tend to keep them closed. The upper side would hence be more coiTugated

than if there were no such compression as (t).

From the above remarks it does not appear that such an estimate as follows is of

much service. Yet it may be as well to notice it.

Let ECDF be a section of a portion of the cnist originally a rectangle and bent into

such a form that EF and CD are arcs of a circle whose centre is 0. And suppose AB,

an arc situated between EF and CD, to be the original length of this rectangle.

Let EF=nAB; CD = mAB; OC=r. Then we have

J ^ ^ ^ - c ^ 7-

n m

'

The greatest crumpling along £'i<' would occur when m = l.

In this case n = 1—
r

If 0- = p this would be i, which is a verj- large amount. But owing to the probable

slidino- of the parts over one another, the points E and F would not be upon tlie

radii OA and OB, but fall beyond them, so that the crumpling would- not be so great

as that.

If the conditions of perfect fluidity in the Hquid and perfect flexibility in the crust

were fulfilled, and the crust were of insensible thickness, then our result would be true, aiid

the festoons be all equal circular arcs. But under such circumstances as may be supposeil

to exist in nature, these conditions wiU be so imperfectly fulfilled, that all we can assert

is that the above considerations will serve as a rough guide to what we may expect to

occur. The conditions of equilibrium would be satisfied from point to point not very widely

distant from each other, and we might expect the compression to be distributed unequally.

Hence the festoons would be larger, and the anticlinals higher, in some regions than in

others. The local thickenings of the crust would also render the forms of the curve

locally to differ from the normal form. The effect of the hydrost^ic pressure of tlie

oceans must also be taken account of.
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For suppose that any portion of the curve be covered by a heavy fluid (the ocean) of

density /i. Let k be the height of this ocean above the level, upon which the origin was

taken in the first instance (on p. 442). Then, in forming the equations of equilibrium, we

shall have as before

t = gpciC-i/).

But for j) we shall have,

]} = pressure a.t A + pressure due to the depth below A — pressure due to the ocean,

= ffa {h-y)+ rjph - fffi {k - y),

= -(j{a- tL)y+g{ah- ixh) +gpB.

This is an equation of the same form as before. We cannot find the values of the

constants exactly as we did before, but we can see that the curve must consist of two

portions, one above the ocean and one below it.

At the point where these two portions meet one another, the direction of the curve

must be continuous. The portion above this point will evidently follow the law already

investigated in all respects. For the part below we have expressions for p and t of the

same form as before. This part will, therefore, follow the law of a curve, which may be

supposed to rest upon a liquid of the density a — fi instead of cr. The law of form will,

therefore, be the same as before, the constants being determined according to this suppo-

sitious case.

Tlie compression (t) of the part of the curve beneath the ocean will, however, be

greater than in the suppositious case, the crest being higher. But that will not alter its /or?»,

liecause (t) in any case varies according to the height of the anticlinal. The radius of

the portion beneath the ocean will be 2 c.
' a — fi

To estimate how much the curvature would be affected by the ocean, we may cou-

siiler the density of the subjacent liquid somewhat greater than that of granite (say) 3,

and that of sea-water (say) 1. Then cr-/i=2, and the radius will be increased in the

ratio of 3 : 2. This decrease of curvature will be independent of the depth of the ocean,

and the change will occur at its margin. It may possibly have the effect of opening

channels of communication between the surface and the subjacent liquid, and contribute

.somewhat to the formation of volcanic vents near the seaboard.

The diagram illustrates the effect of increased general compression in elevating and

depressing points in the crust. The point A is supposed for simplicity to remain fixed. Then

till- points B, C, D, E, F, Q, upon further compression assume the positions h, c, d, e, f, g.
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One reason (p. 448) has already been suggested for alternate elevation and depression

at any point. Ajiother cause of the same thing may be seen in the fact that the length

of the festoons, and height and distance of the anticlinals, will be increased, both by

additional compression, and by a thickening of the crust. The first of these will result

from secular cooling. The second from the same cause, and also from the distribution

by deniidations of the material accumulated, as shewn at p. 447, about the anticlinals.

The latter would be more local than the former in its effects.

If we now pass to the case of any rectangular vessel, and suppose it to be compressed

in two orthogonal directions, then the form of the corrugations in these two directions

would be approximately governed by the laws we have investigated, provided the plane

crust be supposed capable of adapting itself to a form not developable into a plane.

And even in the case of a contracting sphere, the character of the corrugations may be

assumed to be on the whole similar to that investigated, and they would be arranged

about polygonal areas.

The consequence of the crust not being absolutely flexible would be, that it would

rest within certain limits in forms either more or less curved than the proper surface

of equilibrium, and it must be confessed that the great ratio, which the thickness of

the crust bears to the radius of the festoon, renders the result of the investigation

much more difficult of application to the case of nature than it would otherwise be.

But we may accept it, and use it for what it is worth.

Still further, the general compression along a great circle will very inadequately represent

what would occur when the compression over the whole surface has to be taken into

account. In short, the case of nature is so extremely complicated, that it is very difficult

to reason satisfactorily upon it. Nevertheless I think that the conclusions we have arrived

at concerning the case of a thin heavy flexible crust resting on a perfect liquid, have

some value as far as the results may be summed up in the following propositions:

—

(1) A vertical section of the lower surface of the crust, where it meets the liquid,

when carried across a series of the corrugations, would present a series of festoon-like

arcs approximating to a circular form, concave upwards.

(2) The anticlinals would be of cusp-like form, resulting from the intersection of

contiguous festoons. There would not be found anything of the character of rollino-

undulations with flat-crested anticlinals.

(3) The law of curvature of the festoons would not depend upon the amount of the

general compression, though their amplitude, or the distance from crest to crest, would be

increased, \mder circumstances of equilibrium (j*. e. where m, p. 447, is integral), upon the

compression being increased. The curvature would diminish upon the thickness being

increased f ?' = 2 — c j

.

(4) But the curve of equilibrium, even if it were once exactly established, could

not be strictly maintained during successive contractions of the sphere, because we have

Vol. XII. Part II. 58
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seea that, for a trough of given length, a flexible crust and a perfect liqnid, equilibrium

can only subsist for certain special amounts of contraction having relation to the length

of the trou<'h. No doubt the limits within -which this would be possible would be

enlarged by defects in flexibility and liquidity, and they would also be enlarged by a

ureat increase in the length of the trough as compared to the thickness of the crust:

for then m would always be nearly an integer.

This last seems to be the condition of things to which we may best compare the

earth's crust, so long as it was thin, when there may also be supposed to have been

a state of more complete liquidity in the subjacent matter. But as the crust became

thicker, and the layer of subjacent matter probably more viscous, the diminished freedom

of movement between the crust and the liquid would tend partially to assimilate the

condition of things to the case of the trough of limited length. The behaviour of the

crust might therefore be expected to partake of the two explained as belonging to these

two cases. There would be a pushing up of the anticlinals against each other owing

to the defect of freedom of movement which would assimilate the conditions to those

of a trough of limited length, and there would be an alternate elevation and depression

of different parts of the curve, the liquid flowing from one anticlinal into the adjoining

one, in virtue of such limited freedom of motion as existed between it and the crust.

And these conclusions seem to agree pretty well with the phenomena.

I have already remarked on the difficulty introduced by the large ratio which the

thickness of the crust bears to the radius of the festoons. But, on the other hand, their

curvature will have gpne on diminishing as the crust has increased in thickness, to which

thickness the material accumulated about the anticlinals will have contributed through

the operation of denuding agency, still further diminishing the surface-curvature by its

outspreading. The basset edges of the crust situated above the anticlinals of the liquid

might occupy a considerable area on the upper surface, on account of its thickness. Anil

throuo-hout this area ffreat disturbance of the strata might be expected to occur, owing

to the approximate verticality which the beds would tend to assume, and from whicli

they would settle into positions of repose.

The result noticed at (p. 447), and frequently since refeiTed to, that there would be

a tendency for material to accumulate about the anticlinals, which by its weight would

tend to descend along tiie inclined side of the festoon, seems to agree very well with the

phenomena. It would produce a fan-like arrangement of the strata about the crest itself.



UPON THE HYPOTHESIS OF A LIQUID SUBSTRATUM. 453

and a crumpliug of those on its flanks more intense in its immediate neighbourliood,

and diminishing in intensity as we recede from it. The effect would be local, and the

crumplings might be on either on a large or a small scale, which would depend chieflj'

upon the nature of the rocks themselves. This is exactly what occurs, and it must be

admitted that, however much it seems necessary to attribute the contortions of rocks to

a general contraction of the earth's volume as a primary cause, yet the foldings which

offer themselves to view in nature are of such a character, and often of such small

dimensions, sometimes only a few feet from bend to bend, that it seems impossible to

attribute them directhj, to what must have operated on so grand a scale as the contraction

of the globe itself. Causes have been pointed out why the crests might descend, and

lose their pristine elevation. They would then become subject to be planed otf by denu-

dation. But if our theoi'y is true, intensely crumpled rocks, wherever found, must have

been at some time or another in an elevated position with reference to the neighbouring

surface. And where an anticlinal with its accumulated load has sunk, additional com-

pression and crumpling may have been produced by the alteration of the curvature there,

but a ridge would nevertheless be preserved, if strong enough to resist denudation, more

sharp in its outline perhaps than previously to sinking.

Owing to the anticlinals shifting their positions by a gradual motion parallel to them-

selves, elevations and depressions where they define a seaboard would be followed rather

by the land encroaching upon the sea and the sea upon the land, than by new conti-

nents rising abruptly out of mid-ocean or old ones sinking bodily into it.

Not the least important result of the investigation is that, the more ready we conceive

the crust of the earth to reply by flexure to the forces brought to bear upon it (and

many facts seem to show that w-ith time given it does so with considerable facility),

the more does the compression {t) within it become limited to that due to the depth of

any point beneath the crest of the anticlinal, whilst at the anticlinal itself the comi^ression

tends actually to vanish. This agrees perfectly with the investigations of the late

Archdeacon Pratt upon the plumb-line in India, where he found the density of the

mountainous tracts less, and of the ocean bed greater, than the average. But it does not

support Mr Mallet's views regarding the source of volcanic energy being derived from

the crushing of the rocks *. For although it is certain that the contraction of the earth might

orio-inate stresses within a rigid crust if unrelieved of practically infinite amount, yet if the

crust is capable of readily yielding to them, the stresses become comparatively small.

Geologists have often observed that volcanic vents, and outpourings of basaltic rocks, have

frequently occurred without much disturbance of the neighbouring strata ; almost as if the crust

had opened of its own accord and let them escape. A notable instance of such an outpouring

of igneous rocks has lately been described by Professor Joseph Le Conte in the American

Journal of Science, 3rd Series, Vol. vii. p. 167. 1S74. He calls it "The great lava flood of

the West ;

" and supposes it to have been poured forth from fissures. It covers neai-ly

300,000 square miles of the North-Western portion of the States, an area larger than the

* The author of this paper has, as he believes, shown
|
for October, 1875, entitled ' Mr ilallet'.s theory of Volcanic

the inadequacy of this cause in his article in the FkU. May.
\
Energy tested.'

58—2
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whole of France, and has an average depth of about 2000 feet. Such fissure eruptions

require the compression of the crust locally to vanisli iu the mamier which has been shown

in this paper to be not improbable.

And what is the essential character of volcanic vents ? They appear from description

to be orifices from which superheated gases escape. Molten lava often fills the bottom of

a crater for a long period. What keeps it hot ? If it -were a supply of lava from below,

there need be a continuous escape above. But that does not appear to be requisite. It must

then be the high temperature of the gases which pass through it, and in so doing support

its temperature. If this be a correct explanation, then any place in the crust, which is

not steam-tight, may originate a volcano. The gases would fuse their own way through,

converting the rocks melted in their passage into lava. But some of the subjacent liquid

layer would finally find an exit, on account of the pressure beneath being in general greater

than that due to the thickness of the crust.

It must be admitted that the difficulty of accounting for the grand featiu-es of oceanic

depressions and continental elevations has not been directly removed by the investigations

above made. Our theor)' adapts itself more immediately to the features of smaller

dimensions, such as are exhibited in a mountainous country. The remark however which

has been already made, that the conditions of equilibrium would be satisfied from point to

point, not very widely distant from one another, leads to the conclusion that the more

elevated tracts, which form our present continents, may probably be those regions by whose

elevation the contraction of the earth has been more recently relieved. The fluid pressure

beneath the crust, which is what would tend to burst it upwards elsewhere, being due

to the depth of the base of the crust below the highest point of the fluid, would be only

slowly conveyed to great distances by a viscous couch ; so that compression having been

freshly relieved throughout a continental tract, the upward pressure beneath the far-off

ocean-bed may be for a long whUe in abeyance. But after a long interval, during whicli

the continental area has by the cooling of the crust become newly strengthened, the

general lateral thrust may reassert its influence, and the ocean-floor, being now the

weaker area, and exposed to the greater pressure from beneath, may in its turn become

the scene of disturbance, and of elevation, the land in its turn sinking. That irregularities

of contour, such as affect the land-surfaces, are continued under a modified form beneath

the ocean, has been proved by recent soundings*; loading to the conclusion that its bed

consists of old land-surfaces submerged. There is reason however to think that the

escape of water from beneath the crust in volcanic eruptions through protracted ages

has borne a share in the subsidence of the crust "f. And it is a matter of common

observation that volcanic areas where the energy is now well-nigh spent are almost

always areas of depression.

• See ' A section of the bed of tlie Pacific from Yoko-

hama to Cape Flattery,' Salitre, Vol. x. p. 4t)i.

t See the antbor's paper on the ' Inequalities of the

Earth's Surface,' in these TTamcLctiom, Dec. 1873; also

note, p. 440.



IV. Exercises in Curvilinear and Normal Co-ordinates.

By the Rev. J. W. Warren, Caius College.

[Read May 22, 1S7G.]

EXERCISE THE FIRST.

Curvilinear Co-ordinates.

*, y, z representing the rectangular Cartesian co-ordinates of a point in space, and

U being any tiinction of these variables, suppose we write

M, = ^, ix, y, s), if, = <^, (a-, y, z), M.3 = ^3 (.1-, y, z).

U, by aid of tliese equations, may be e.xpressed in terms of u^, ii.^, ti^.

AVrite
dx

du^
''
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dU_}^ [dUdB dU dB dU dB\

dx B (rfw^ da^ du.^ dh^ dii^ dc,]
'

dU_l {dU dB dJJdB dU dB\

dy B {du^ da^ du^ dh^ du^ dcj

'

dU_ l^ \dU dB dU dB dU dB
dz B [rfiij fZrtj du., dh^ dv^ dc

"Write dx" + d>f + dz'' equal to

C\,du;' + CJxi^ + G^^du^ + iCJii^du.^ + '2CJLu.4u, + 2CJtL/lu^.

/dU\- fdUV /dU\'/duy fduy (duv
Wnte also ^_ j + ^_ j + ^_J

equal to

, /dU\- , (dUV , fdUV .. dU dU
^
„ , dU dU

^

^.

It is sometimes convenient when we wish to compare our results with those arrived

at by previous Authors to write

c„ = E, c;, = G, <733 = I,

It is clear from the preceding equations that Cj,, C„„, C\^, C\„, C„_^, C,, are functions of

^^11' ^22' -^33' -^12' As' -^31-

The converse being also true, in fact we clearly have

G^ = G=^K + K + h\

Ci„ = i^= ni^i + «.A + «3^3.

C^=H= h,c, + b.jc, + h,c„

Ci\= J = Cfii + C./U + CjOa.

We also have

__I \(dJi\- /dB\' fcm
" ~ ff \\daj

*"
U"J

"*"

\da,j

1 (/J^Y^ /rfsy /^5y

^'^-B^IWJ '^[dbj +UJ

1 (dB dB dB dB dB dB)
" ~ Jf |c7a. db, + f/a, (^6,

"^
rfa, rfi,}

J _} {dB dB dJl dB dB dB\

'^~B'\db, dc,'^ db, dc.'^db, dc,\

J ^ 1 {dB dJl dB dB dB dB)
^ ~ B' [o?c, dtf, (/Cj da.j dc^ daj

'
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Hence clearly we caa write

E, F, J (7u, (7i2, C/13

457
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It is clear that wo can obtain from the previously "WTitten down values of

C',,. C'jj, C^, 0,2, C^, C^i, nine formulae similar to the above nine expressing the values

of rt,, «.,, «,, 6,, h.., is, c,, Cj, Cj, linearly in terms of

1 dB I dB }^ dB „ „

B da,' B da,' B da,'
^'''^^^''

These formulse clearly are

_ldBldB}_dB
_p^clBldB^ldB

«. - C-n . ^ .

^^^^ +^^^-B' dk^"'B- dc,

'

«^- ^i-£ •^^^+ '-'^ B dh,^
^'''- B- dc,'

h-r 1 ^4-r 1 ^^+r 1 ^-^
0,-0.^.^.^^^+ ^==-£-dc. "^""B-da,'

I dB 1 rf5 1. rf5

- -'B- db, '-"-B- dc, ''B-da,'

„ 1 dJi_ I dB 1^ dB
' - B ^63

"^
-^ 5 • dc, + '-^-B- da,

'

_ ^ 1 dB ^ \ dB p \ dB
f. - O3,

. ^ .

^^^
+ C,,

-B-da,^ ''B' db,
'

^' ^'^-B-dc,'^^''-B-da, ^'-B-db^-

We also clearly have the nine formulae

AJj^+ -^23^23 + -4jiCjj = 1,

-^uC,3 + -^laC,, + J. ,3633= 0,
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We have also the formulae

-ldB = C\,
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du^du„ du^ dit^
equals

j.^ltiE'l dB 1 dG
£ ' da^ ' 2 du.2 B ' db^ i ' du^

1 dB \ (dJI dJ_dF\
B '

dci
' 2 [du^ du,^ duj '

aucl clearlj' there are in all eighteen of such equations ; viz. nine of the first species, and

nine of the second.

1 d fi

By the previous written values of -„ , t— , &c., these two equations may clearly be

written

I dE {
, , , , )

(dF 1 dE\
{ , , , , ]

d'x

du_

1 dG
•"2

du.

Vx 1 dE { .
, A 1 . i

'

T (
]

+ ^ l""+^-'^^|^33<', + ^,3«,+ ^=3'',}

1 (dH dJ dF
- i- -{

2 [du^ du.^ du.j

We might now proceed to calculate

d'U d^U d^U d'U
&c.

;

dx' ' dif ' dz' ' dxdy
'

and the various geometrical quantities that are expressible in terms of these differential

coefficients might thus be expi-essed in terms of Curvilinear co-ordinates. We might thus

calculate a radius of normal curvature of any one of the three surfaces ?<,, u^, u^ ; and

tlius in particular we might calculate the six radii of normal curvature due to the inter-

section of the surfaces m,, m^, u^; such investigations, however, we shall find it unnecessary

to undertake, inasmuch as they can be more simply arrived at by a change of the

independent variables in the corresponding formulae in Normal Co-ordinates.



CURVILINEAR AND NORMAL CO-ORDINATES. 461

EXERCISE THE SECOND.

Normal Co-ordinates.

The general system of curvilinear co-ordinates involves expressions which are

functions of A^^, A^^, A^, A^^, A„^, J.,,, and therefore of 6',j, C„^, C^, C,^, C^^, C,,, as

well as of their various differential coefficients with respect to it,, u^, Wj-, it is obvious

that such a system is a little complicated, and therefore we may enquire whether any

particular systems exist less cumbrous in form and capable of being applied to obtain

useful results.

One such system of co-ordinates is obtained by writing A^„, A„_^, A^^, each equal to

zero. It is clear from tlie values found for du^, du^, du, in the previous chapter

that such a system of co-ordinates are orthogonal, that is to say )(,, ?«.^, and u., mutually

cut at right angles. I shall not pause at present to consider this particular system of

co-ordinates, but I shall return to their consideration in a future chapter.

A second simplified case of the general system of co-ordinates is got by taking as

our independent variables not the surfaces «,, w^, u,, but the length of the intercepted

normals between u^, u^, u^, and three fixed surfaces parallel to m,, u.,, u^, respectively.

Let us call the lengths of these three normals 7i,, 7i^, n^; then x, y, z, representing the

co-ordinates of a point common to u^, u^, u,, and therefore to n^, n^, n^. Let 0;^, y^, z^

denote the co-ordinates of the remaining end of Wj ; x^, y^, z^ the co-ordinates of the

remaining end of n^; and x^, y^, z^ the co-ordinates of the remaining end of n^. We
clearly have therefore

»/ = {x- x.^- + (2/
- y,)- +{z- 2,)^

n,^ = {x - x^^ + {y- y^" +{z- z,y.

We clearly have therefore
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where 6 equals the angles between n^ and w,, equals the angle between ji, and n,,

and i/f between n, and i\.

The system of co-ordinates I have just mentioned I shall call normal co-ordinates.

It is obvious that the}' introduce much simplicity into our general formula inasmuch

as for such a system of co-ordinates we clearly have by the above equations

A^ = cos d, Aj, = cos
(f),

A^., = cos i/r.

I shall for shortness in the case of normal co-ordinates write for A^, A^.,, A^.,;

Ji, A,, A, respectively, retaining A^^, A^, A.^ for the general system alone. I shall

also denote by 2S„ 2S^, iS,, P^, P„, P^ what C^, C„, C^, C,,, C,„ C^ respectively

become when we pass from general co-ordinates to the particular case of normal co-

ordinates. It is obvious that S^, S,, 8^ are proportional to the squares of the sines of

the angles between n. and n^, n, and n^, n-, and n^, whilst P^„, P^, P.j are as the

cosines of the angles between the three curves formed by the intersection of u^ , ii^ , u^

.

It is hardly needful to write down all the formulae of the general system again

thus simplified by the use of normal co-ordinates ; but the ten following formula I shall

so frequently make use of that perhaps their exhibition will be useful

:

P,,+ -2A,.S, + A,.P,, = 0,

P,,+ A,.P^+2A,.S, = 0,

we have also obviously

P^+2A,.S,+ A,.P,, = 0,

P, + A,.P,, + 2A,.S, = 0,

P,,+ 2A,.S, + A,.P^, = 0,

P,, + A,.P, + 2A,.S, = 0,

2S, + A,.P,., + A._. P,3 = l,

2S, + A^.P^ + A,.P,, = l,

2S, + A,.P, + A,.P,, = l,

—§ = P.- dA, + P^ . dA , + P,, .dA,;

^= 2A,A,A, + 1 - Jr - A,' - a:.

I should here perhaps mention the theorem tliat if normals be drawn at every

point of a given surface, and if equal lengths be taken along these normals, the surface

locus of these points has also these normals of the first surface for its normals, tins
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theorem which is easily demonstrated gives a clear conception of the manner in which

the three normals become independent variables.

The three normal co-ordinates of a point in space having been supposed to be

given, and the three fixed surfaces from which the normals start and to which m,, w., m.,

move constantly parallel having been assigned, it is obvious that the angles between the

normals, and therefore Ai, A,, A,, are fully determined ; accordingly there must exist

certain equations connecting the values of A^, A^, A^ with those of n^, n.^, n^, and the

object of the remainder of this Exercise will be to obtain six differential equations of

the second order between A^, A^ and ^3, and n^, n.^ and n^.

I proceed to determine these six differential equations, first pointing out a few

formulae and geometric facts in relation to normal co-ordinates useful for our after

calculations.

Taking unit lengths along the three normals that meet at any point, we clearly

form a spherical triangle whose sides are 6,
(f>,

yjr, and whose angles are 180 — 0,

180 — 4\ 180 — '^, where ©, ^ and SP' are the angles between the three curves formed

by the mutual intersection of the surfaces Uj, ti^, u^ to which «,, «.^, n^ are normals. We
write

sin © = A: . sin ^ ; sin 3> = Ic . sin ^ ; sin '^ = /; . sin -^
;

by the ordinary formulse of spherical trigonometry we therefore have

F=:

1,
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dn, . sin =

1, cos ^F, cos <I>

cos ^, 1, cos

cos <J>, cos 0, 1

X ds.

.: dn^ .k.sm6 = k'. sin ^ . sin <f>.smy]r . ds^

:

whence we obtain ds^^ = B sLn 6 dn^. Similarly we obtain

ds^ = B

.

sin
(f)

. d)\ ; ds^ = B. sin x|r . dn^

Now by our notation we have

c, =
dx

d^J

Avith similar formulae for

dx

a , h,, c„, and a , b , c.3' "a) "3-

Now -J— . dn^ is clearly the change of x caused by us going a distance ds^ along
aw,

the intersection of the two surfaces ii,, and m^; calling this change Ax, and the cosine of

the angle that &, makes with the axis of x, cos a/, we clearly have

whence

cos 2/ = Aa;-=- ds^,

cos ofj' . f?Sj = A.r = -j^ dn^ = a^dn.

Whence we obtain a, = i? sin ^ . cos a/ ; and thus, if /S/, 7/, &c. represent symmetric

angles to a/, we easily obtain

fli = -Z? . sin ^ . cos a,' ; a^ = B . sin 6 . cos ^,' ; a^ = B . sin 6 . cos 7/ ;

5i = i?.sin0.cosaj'; h.^ = B.sm^.cos/3.^ ; b^ = B . sin (p. cosy,'

;

Ci = iJ.siui/r.cosaj' ; c^ = i?. sinilr.cos/Sj' ; C3 = i? . sini^.cos73'.

Let now 0,^,7, be the director angles of ?!,, afy„ of w^, and a^^.f/^ of n,. We
know that

sin . cos a, = cos /S/ . cos 73' — cos /S,' . cos 7^'

;

.'. k . sin ^ . cos a^ = cos /S^' . cos 73' — cos /Sj' . cos 7^'

;

cos or,

cos /3/ . cos 73' — cos 183' , cos 7j'

;

B . sin . sin yjr

.: B cosa^ = b.f^-h.f^.

Hence by symmetry we clearly have

B . cos a, = h.f^ - 63C, ; 7? . cos a, = c,a3 - c^a^ ; i? . cos a, = a,6, - aj)^
;

B . cos y9, = J3C. - &,C3 ; i/ . cos /3, = C3a, - c.a, ; B .cos0, = a^b^ - a^b,
;

B . cos 7, = JjCj — i/, ; ^ . cos 7;, = c,a„ — cfi ; 5 . cos 7, = o,i, - o,/;,.
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It served as aa exercise to obtain these last nine formula? thus; but we might also

easily obtain them by simply solving the equations

dx = a^dn^ + l\dn,^ + c^dn^,

dy ~ a^dn^ + h^dn^ + c^dn^,

dz = a^dn^ + b^dn^ + c^dn^,

for di\, dn^, dn^, and then comparing the result with the formul»

w, . dw, = (« - .rJ dx+{y- yj di/+{z- z^ dz,

w, . d«j ={x- x^ dx+{y- y,) dy+{z- z.) dz,

n^.dn^ = {x -x^dx+ {y - y^)dy + {z-z^dz.

If we now consider such an expression as

f da, „ da, da^
|cosa3.^;^ + cos/33.^^ + cos73.^^;},

we clearly see by the preceding formulae that it may also be wTitten in the fori
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S iS S F P P with respect to ?!,, n„, n,; also the determinants when squared or
I' 2' 3' 12' 23* 15 ^ 1 ' -' a '

multiplied clearly only contain the terms or constituents

+ K^J w) + (5,7;) fcj + fe) t"

da, . <^«„ ,
da dS.

' d7i., dn^ ' a«s dn^

"'dnj^'-dnj^'-dn^ dn^'

da^ da^ da^ _ dS^

''^d,ij'''-dnj'''-d>K dn^'

' rf/i, 2 dn, ' dn^ c?«, rfr?.

dn„ * cZn^ ^
' rf/i, c^h, dn.

Of the constituents here written down the first two have the same coefficient and

may therefore be united, and it is easy to see that when thus united these combined

terms equal

J'.?, d'P,„_ d'S,
,

dn^ dn^dn^ dn^
'

thus clearly the equation that we have indicated is a differential equation of the second

order involving A^, A^, A^, and the differential cocfiBcients of S^, S^, S,; P,.,, P,,, P^

with respect to n,, n^, n^. It only remains now actually to work this equation out;

before I do so, however, I observe that although in the case of normal co-ordinates the

adoption of the angles a,, /3,, 7^; a,', /3/, 7/; a,, ^^, 7, is very useful, and tends much

to shorten our future calculations, yet most of the results so arrived at might be obtained

by a purely analytical process without the introduction of any trigonometric conceptions

whatever; for example, we might so obtain the previous equation, for clearly we may

write it
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fdB da^ dB da^ clB daj"

\dCi
' dn.^ dc, ' dn^ de^ ' dnj

(dB da^ dB da.^ dB da^\

\dc^ ' dn^ dc„ ' dr>^ dc^ ' dnJ

^{dB d\ dB d\ dB dh,

\dc, ' dn. do.,
' dn, dc. '

dn.,

/da.\^ fda\- ,
/daV da da da - da,

, , da, , da.

[dnJ +fc:) +(4 ' ^-dnl + ^^-dif^^-dn,' ^- ^1 + ^- d^t
-^ ^^

"^
'^1 + "'2 + ^^ ''

"fil + «2^2 + "A

«A + «A + «3^3; K + K + K

da, da,, da,

' dn., ^ an.. -dn'

,
dh^ da., dh., da^ db^ '^^i, ^^« '^^3 7 '^^i 7

da.
I

da

dn^ ' dn^ drij^ ' dn^ dn^ ' dn^

d\ dK db^_
'

" dn^ -
' dn^

^
' dn '

, dh, , db, , dh,

' dn., - an., ' dn.

' dn.
^

da^

dn, ' "^' dn^' "'' dn^^ "' dn^ ^' dn^

«/ + «2' + a^ ; a,^i + a.p.^ + ap^

«i^i + «..^2 + «3^3 ;
^1' + K + ^3'

If we look back now to the values of ,— , ,^ , &c., implicitly given at the close

of the previous Exercise, it is clear that the above in the case of genei'al co-ordinates

may be written

'^ 2 du^ ^' 2 \du^ ^ du., daJ]
^"'2

dit..'^'

{''2du^'^'--[du^ 2d»J'^ '^'Uwi ^ duj\

(. fdF 1 dG\ . 1 dG . (dH 1 dG\\
"" 1^- • W, " 2 ^J + ^- • 2 ^i^ + ^- •

\:dV,_
~

2 d^j]

1 d'E d^F 1 d-G 1 dE \ dG

1^

2 du: du^dii^
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so that in the particular case of normal co-ordinates we clearly have

I
^ an„ ^ dn^ 2 V an, dn„

+
1-^^.•£-^.-

dP,„ dS,\ . /dl\

dn, dn,

dn.

,_dS,

V dn^ dn^

^ V ""2 ""i/ ««3 \a«2 ""3'')

^ dn:

dS^

dn^

dS,

dn.

B'

dn'

dS,^ d^
dn„ ' dn.

2S • P

dP.._dA
dn, dn.

2S, P..

2S,

= 0.
dP,, dS^

_

dn., dn^
'

dS,

dn, '

Let ns write the above equation in the form

(11) + (22) + (33) + (23) + (13) + (12) = 0,

where (11) equals the sum of all the terms that have two I's in their sufifix; (13) equals

sum of all the terms that have a 1 and a 3 in suffix, and so on.

(11) equals

^dP,.

2 dn.
+ A^.

dsy
dnj

^ B' dn^ \
> rU + ^^-i .U ^ >-

but

therefore (11) equals

2^, = // . (1 - A^) ; 2.S;^, = B- . (1 - .4./),

P,, = B(A^A,-A,);

d>%

dn.

' f/«, ^ dn^ ^ dn^

dS, dS.,

dn, dn.

-^1c)"4:\dn

but
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so tliat cloarlj' (II) equals

4G9

(22)

(33)

(12)

4 \ dn^ J drtj " dn^ B ' dn^ ' dn^

'

is obviously symmetrical with (11), hence (22) equals

I /rfP,3Y dS, dS,^!^ dS^ dB^

cleai'lv equals

4 V drtj / d7i^ ' dn^

'

clearly equals

r/2 dnJY'^- dnj ^ dn,]

dSA

which equals

^^^^•g

-^^A-'^^^ + A.
{dn,

dp.,.

dn. dnj

dS.
A

dP,„ ,

dn., diK an.

d_S^ dS^
-

' dn.^ ' dn^

dP,„ dS.,

-A.A

+

I

B'

dS^

di\

I

dS, d.% dS, dS,

' dn^ ' dn^
^

' dn^

dn. ' dn. ' dn.

dP^ dP^

dn. ' dn, .

A \d_S^ dS,_dS,dS,l
^' \dn^ ' dn^ dn^ ' dnj

dn„

dS,

dn.

^
' ( dwj

' dn.

^3 dS,

dP^dS^
dn^ ' dn.,

dP^, dS.

dn.,
' dn;i

-A dP.„ dP.,.

'
' dn, ' dn„ •w

dP,.

dn^

dP,.

''
dn.^

' dn,

_dP^, dS^

dn^ ' dn^

dn^ ' dn^

IdP

.(a)

2 dn„

dP^_dJ\, cW^3

dn, dn, dn.,
^'^'-

GO—

2
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The five terms marked (a) equal

2 rf«, T'-

2 rf«„ - dn. dn^ dnj

_1 dP^ ^Im_^ A ^ ^
2 •• dn, • dn, 2 - dn, "

rf» '

and hence they equal

i^r dj^ dj^ dA^

d4,

2 rf».

+-;^^K.^.i>,./^+i'.
2 f/«. rf)!. c?n.

1 dP,, dP,.
-5^M^,. V^ + -P.
2 c^w^ 1

^
' d«,

and hence these terms marked (a) equal

dA)
dnJ '

IdP^^p dA^.p dA,,p dA^
2 d«, \

"'' diK
"^ '^'-J- '^ 'dn„ dn„

+1 ^...(2 '^^'
... +p '^-^+j .'^-4

4 dn^ [ dn., -^ dn., - dii^
J

4 t/n„ rfn, (/«
I

dw.

1 ^P f dP, __
4 d«, I'' d,r

"^
"-(/u,

_1 rfP,J ^ dA,\

4 c?«, I
' '^'^ '-''dnJ

•

The last line in (12), that is to say the terms marked /3, equal

3^dP^dP,,_dP,, dPJ
4 ( dn^ ' (7n, i/h,

' dn^

)

4 (rf», dn, t/«, dn^]
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(12) therefore may be written in the form

_1 (dP^dF,,_^dP„_^ dP^^

4 [d/ij^ ' dn^ d>\ ' dn

^1 {dS,^dP,^^dl,^dP^
2 |(/rtj ' dn^ dn^ ' dn^

1^ dl\, dB
2B ' dn^ ' dn^

25 rfn, dn^
'

+ A .f^.^^^._^.^.l
.i^.

^'\dn.^ ' dn^ dn^ '
dn.,\

^''

^
'•

1 dn, • dn, dn, " dn\ ^"''

'

+ 3 ffi. .
d_l^_dP..

_ ^4 .J
..

1 MP,3 JP^,_^3 ^
4 ' ( (f«, ' d«„ c?n- * dn.

•(v);

1 fcZP,3 dP^_dJP^ dP,}
^4 -• V/«, • rf«, dn^ • diij ^^^'

1 \dP,„_ dA^_dP^, dA^
"*'4

=^"lrf«, • dn^ dn., ' dn^\ ^^"^ '

4 " ( dn^ «Zrti «(/ii dn^\ ^ ''

My object is now to express each of these last eight determinants in (12) in terms

of the first diifereutial coefficients of A^, A^, A^ with respect to jj^, n„, n^.

^ \d^^d_S_,_dS^, ^dS^l
^ \dn.^ ' dn^ dn^ ' dnj

equals -^-^'^A |^„^ ^- ^- • ^j

+ 2B .8A.aA? -^^-'^ ^-:fA' - ^ (d»j dn^ dn^ dn^

}

+ 2B.SAA ff^/Mi_^ .'^Al.
~

' " ^ ^ \dn^ ' d\ dn^ ' dn^
J

'
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(dA^

dyi^

rfJ.,

dn'

^2B^SA.AA.{^^

dA,

dA
dn^

dA

(LA

dn,

dA
dn,

JdJj dA,_dA, dA^l
'^'^'\dn^ dn^ dn^ ' dnj

dn^

d_A,

dn.

dA^

dii^

d_A^

d_A^

dn,_

dn^

dn.

dA.

dn^

dA
dn

dA^

dn.

^

dA
dn.

dA.

dn

The next term in (12) that we have to reduce is

idP,
A. ^—12 .

'^ _
an

dS^

dn.

It equals

Ji'AAA

+ 2BA.'S^

.

dj^

dn.^

dn^

(dB

dA^

d%

dA,

dn.^

dA,

dti..

d}i.

dA,

dn^

dA,

dn^

dB
dn..

dS.,

dn•}•

dA
dn,

d_A^)

dnj

--.•^•M^^^Si-S-S:}

+ 2BAXA,P^,-S,).

dB

(dB

dn.

dA,

dn'

dB dA^

dn.,
' dn

or in this writing ^ = - {P^^ dA , + P„ dA, + P,, ^^3)

,

we clearly transform it into

' '^^ [dn, dn, dn.^

+ B*AM.

+ 2E'A^'S,P^

+ 2fiM.»^,P.,

(dA, dA,_dA, dA, d_A,

dn^

dA^_dA,
dn, dn^

d_A,_d_A,

dn, dn.

dA^

dn.

+ 2B'A,A,S,P,, (^ . ^» _^' ' * " [dn, dn, dn.

^^B'A^A^S^^, jg.
dA, _ rf.4,

dn, dn.

dnJ,

;}

;i

;}

dn,)

dnJ

dAJ
dn^

dA,

dn,

dA,

dn.
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Thirdly, we reduce

473

di\

clA.,

(in.

d%

dn..

dA,

dA^

dn„

dA.

dA.

dn.

This clearly equals

which clearly equals

+ ^BAA,S^

dl\,

dn.

dn^

dj^

dn^

clB

dn.

dS^

dn„ dn..

dS,

dn:!•

clA.,

d

A,_dA^ dJJ
n.„ dn,^ ' dnj

dA^_dA^
dn„ dn..

dA, dB
dn.

+ 2BA^S^

dB dA., _ dB
dn.,

' dn^ cZ?ij

(dB

dA.

dA
dn,

dA
dn„

dB dA_dB dA\
dn^ '

dn., dn.,
'

dn.^

)

+ 2BA,A,P^
1^^

. -^ _ ^_ . y ;

+ B'A^^^

+ 2B'A.^'S,P,,

+ 2B'A:S,P^

+ 2K-A,A^S^P,„_

+ 2B^AAAP.
{^:

dA,
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The four terms marked respectively (v), (vi), (vii), (viii), in the expression for (12)

we must now reduce. It is clear that they may be written

^\bma^a, A)g.
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From these nine lines it is now easy to ijick out the coefficients of

(dA,



476 B.EV. J. W. WAEEEN'S EXERCISES IN

-l^-A fil dn„

dA. dA,

dn^ ' drij

^^Ti^AA P' dA^_d^ dA,)

+ 4^^' '[d^.'dn, dn,- dnj

Srm (^» dA,_dA dAX
~4 » t^n, ' dn, dn^ ' rf«J

+ 2^(A^3-^^ jd„^ • dn, dn^- dn^]
^''

^"^BiAA-A^i^^
dP._^^^.| ,,

These two last lines marked (a) may be replaced by

+ 7yB. {P,3 + ^3^23} yn^ ' dn, dn^ ' dn,

)

3 , , ^ . T, , (<?5 dA, dB dA,\

And hence by picking out coefiBcients we find that

3 MP,. dP„ dP„ dP,

4 jdHj * dn^ d?i, ' dn.

may be written

dA,

dn.

dA,

dn^

dA,

dn.

^IB'A.A,,

+ 1 ^A.

+ lB'.{A,P,,-A,PJP,„

^ (dA,
^
dA, dA, dA

diK ' dn.

+ ^^'. (.4,P,3 -J.PJP^.
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+ .i?'.(^3'-l),

3 13/ ^ i3'

We are now clearly in a position to calculate what may be called the "Determinant"
portion of ^12), accordingly we first calculate the coefiicient of

(dA, dA„ dA, dA,

[c?», " dftj dn^ ' dn^\
'

it equals

(1)

+ 2ffA,AAP,,

(2) (3) (4)

- B'A.'A., - 2K-S.AA.' + SS'^, [AA. - Si P,,

(5) (6)

+ 2E'A,'S,P,,-2ffA,A,S,P,,

(T) (8) (9)

-
I
RA,A, +

I
R {A,^ - A,^) (P,3 + .4,P,^ - W-A,AA^.^,

(10) (11)

3 JJ4 J .3
(12) (13)

+ 4 ^^A^ +
I
B*A, + 2 B^ {AA, - A,P^ - AJ>J P„ - 1 £^P3P.,.

We now must make use of the ten equations given at commencement of this Exercise:

by their aid the four terms marked (3), (5), (8), (12) become

+

1

B* (A,^ - A,A,A,) P.3 + 1
5* {A.^ - ^.') ^.P,„

this equals

-ll?A,P,,P,3 + Br-{S,-S.;)A,P,,;

to this join on the three terms marked (4), (9) and (13), and we get

B'-P,

A,S,-3A,S,-Ia,P,, + 2A^A,pJ

~ ^i^aMs ~ 9 "23
J

I.

which clearly equals

which clearly equals

UA-3A,S, + SA,S,)

"\+2A,A,P,,-A,A,pJ'

(3A,S,-3A,S, + 3A,S, + 3A^A.A^,l

^^M -A, r
61—2
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which clearly equals

I
&A,P,, {1 - ^^= + ^/ - ^/ + 2A,A,A, - 2A,^] - 5M.P,

,

which finally equals + 9-^^-^ 1-^*12 •

Now the tenns marked (1) and (6) mutually cancel, there therefore remains only

to consider the four terms maikel (2), (7), (10), (11) ; these may be written in the form

£*\a,.(1-A,^) + 1{A,A,-A,)^,

which clearly equals

B\(2AA + Ip,),

but 2A,S^ = -P,,-A,P,,.

WTience joining on the previous found term +:^B'A^P^2, we finally obtain for the

coefficient of

fdA, dA, dA, dAfdA, dA^_dA, dA\
\dn^ ' dn^ di\ ' dn^)

'

D2

in (12), the term -— {2^,P,„+ 3PJ,

and therefore by symmetry the coefiScient of

dA^ dA^_dA, dA,

rf», ' dn^ dn^ ' dn^

equals -^ [iAJ^^,+ ZP^].

The remainder of tlie "Determinant" portion of (12) is the coefficient of

[dA^ dA^_dA^ dA^
]

\dn^ ' dn^ dn^ ' dn^]
'

which is, by picking out, found to equal

(1) (2) (3)

B'A,A,A, + 2B'A^,S,P^ + 2E'A,A,S,Pn

(*) (5)

-B*A,A,A,-2B'A,AAP^.

+ 2E'A,.{aIp^^-S,).P^

(7) (8) f9)

- B'A.A.A, - 2B'A^,S,P^ + 2E'A, {A,P^ - S,) P.,

(10) (U) (12)

+ i?M.^^3 - E'A,A,P,^,, - B^A,A,P,,P,,

(13) (11)

+ ^ P*^.
.
(J,' - A^) P., + 2 ^^. • {A' - A') P.

(15) (16) (17)

+ 1 p^ (j; - 1} - 1 p\ (P.3 + ^3^3) P. - 1^ (P. + ^Pn) P.
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Tlie terms marked (6), (9), (11), (12), (IG), and (17), since

may clearly be written

B'A.P^ {2^,P,3 - 25, - A,P^ + 2S,] (a),

+ 5M^.3 {2A,P^ - 2S, - A,P,, + SS,} (a).

But 2^3

-

2S, - A,P,, = B-- {^/ - A,A,A^} = - ffA^P,,,

and 2^3 - 2S, - A^,, = F [A,^ - A,A^,] = - B'A.P^ .

Hence clearly the two lines (a), (a) equal

B'A.P^ {A,P,,+ S,] + RA^,, [A^P^ 4 ^3}

;

to this join the terms marked (13) and (14), and we obtain

RA,P^[A,P,,^S, + S,-S,]

+ B''A,P,M.P: + S. + S,- S,],

which equals

+ \ff{A,P,, + AJ',^=\l? .{1-28,);

to this join the term marked (15), and we finally get for the coefficient of

\dA, dA^ dA^ dA^\

\dn^ dn^ dn^ dn^
J

'

the term "^ 2 "^ ~ 2
"^'^^

"

We can now write down the complete value of (12) ; referring to page 469, we find

it equals ,„
_lf^, dP^^dP^dP,,

4 \di\ ' dn^ dn^ ' dn^

1 (dS, dP,
+ 2

(dS, dP„^^_dP,J
\dn^ ' dn^ dn^ ' dn^ j

_J^^., dB l^dP^, dB
2B dn^ ' dn^" 2B dn^ ' dn^

+ ^\-->AP +3P ]{^^^^-^ ^4+ -^l^A't^i2+'>-^.3J|^„^ d„^ dn^ dnj

+T ^-^^ " ^ "^ \dn^ dn^ dn^ dn, \

.^(, 5e,f^. dA_dA^ dA
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We must now calculate (13) ; if we refer back to page 4CS, we easily tind that

it equals

dl(dP^ dP^

diK 1 dn. dn.

dS,

d.3

Clearly this may be written

1 {dP,.,

+

4 [dn,

1 idS^

2 [dn.

dP..

dS,

dn^

dPn^dP,,
dn^ di\

d_P,^_^dS^

dn^ dn.

dPJ

1

4 1 dn.

+

dP^
dn. dn.

dP„

dn

dS„ dP„

+ A

+ A
{dS,

-\dn.

' dn,

dS,
' dn,

dS,_

dn„

dn,

_dP^
dn,

dS^

dn.

dS^_

dn.

dS.^

dn,

dS.

dn;}

(a),

.(a).

The last four lines marked (a) clearly may be written in the form

dn,

dn,

_dS,
an,

_dS^(
dn, \

_dj,
dn,

+ d^
dn.

IdP^
2 dn.

dn.

dP^.-^dP,,
dn, ^ -2 dn

S.

S,

A,

dA \_p
dn, 2 "' dn

dA)
dnj

d^i.'i^p
dn, ^ 2

^
dJ_

dS 1 dP
+ 5^1 •

dn,

^^ THT + 9
P^.

dn,

dA^

dn.

qdA 1

dn

dA
d'h

dA,

dn,

dP

+
2 dn,\

.l^'5^,+2^'-'d«3+2 dnJ

1 dP^
f

dA, 1 dA, _odA,_l dA^
^

2 dn, I
» • dn,

"*
2 " dn, « dn, 2 " dn^ ]

_lrfP„f d_S 1 d_P^ ldP„l
2 dn, I

'
• rf«, 2 ' • dn,

"*"

2 dn,)

_ldP,( M.,lp '^'^^^s ^-^P '^^4
2 dn, \ ' ' dn,

"^
2 " dn,

»
" dn, 2 "

' dn, ]



CURVILINEAR AND NORJIAL CO-ORDINATES. 4S1

But this is easily transformed into

+

^1^ \dP^ d_A,_dJ,, d_A^

2 ^ \dn^ ' dn^ dn^ ' c?nj

+ \p i^. dA,_dS, dAX
2 '^ \d>\ ' di\ dn^ ' dn^

)

+ lp [^In ^
dA,_dP,, dA,)

4 "\dii^ ' dn^ d\ ' dnj

And this clearly equals

2^^ MS dA,_dB dA.^

B ' ^ \dn. '
dii^ dn, ' dn.

'^ B^ "Uk ' dn, dn.

dA^

1^ (dB dA^_dB dA^
B " [dn, dn^ dn^ ' dn^)

J_ „ , {dB dA„ dB dA
2JS " \dn^ ' dn^ dn^ ' dn^

^^Pj, [dA,
.
^4.3 _^. .

^sl
4 \dn^ ' dn^ dn^ ' dn^]

2 \dn^ ' dn^ dn^ ' dn^]

j^[dA, dA,_dA^ M4HA ^A. 4A\^ \dn^ ' dn^ dn^ ' dnj\ 4 ^~ ~ 2 J'

Hence remembering that iS.S^-PJ^ff, and t^t -—^-'^^ = + ^^ above eimals
^ tB 4:

B (dB dA^_dB dA^

+ '

2 \dn^ ' dn^ dn^ ' dnj

B'P,, {dA^
12

4 ] dn.

^B'P.
4

dA^ _ ^Aa ^AA
dn^ dn^ ' dn^)

dA^ _ dA, dA)
dn^ dn^ ' dn^\

^ (dA, dA,_d4, dA,l
2 ( d/ij dn, dn, ' dnj

'

Hence referring back to page 480, we clearly see that (13) equals

_l|dP^. dP^^d^, d^)
4 ( dn, dn, dn, * dn^ J

IjdS, dP^^dS^dP^
2 (dn, dn, dn^ ' dn^
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+

SF-R
i

dA,
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dP..

483

+,m1

2 \dn,

l(d^,
dn.

dn„ dn^ dnj

4
I
cZ»„

dn.di\ dn^

dn^ dn.

+
2 V,i3

dP.

dP„
dn„ dn.

dn„ dn„

dP^

dn.

dS, dPJ
dn„

Adopting this expressive notation the differential equation of the second order in-

dicated at page 468 may be •written

+ A
dS, dB dS, dB "i

rf«2 ' dn^ dn^ ' dn,

ldP^dJi_\dP^dB
2 dn^ dn^ 2 dn^ dn^.

f2Z\

+
B'

dn^ dn,dn.

a2\^

B-
- p.

- i2A,P,, + 3PJ .Q - {2AJ>^,+3PJ . g) - (2 - 10^3) .

(Jj)

(23) ~ -^'^ • (23) + ^^>= • (23)
_

-28,

all equal zero.

Of course we have two more differential equations symmetrical with the above, we

do not at present proceed to write these down, but go on to calculate the three re-

maining differential equations of the second order. For convenience we use w,, n^, n^ in

place of the correct symbols ?/,, u^, u^. We have already seen tliat

da^ da^ da^

dn^ ' dn^' dn^

da^

K

dch

dn..

db^

6.,

db,

dn^

dh
dn^

a.

Minus

da^

dn„

K, h, K
Vol. XII. Paet IL 62
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admits of being written in two forms, and of course the difference of these two forms is

zero, hence we obtain three differential equations of the second order.

Now the like remark applies to
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Minus

da, dB da„ dB
,
da. dE

dn' da, dn' da., dn. da.

(da.

[d\ dJi db^ dB dh^ dB
dn, ' da, dn. ' da, dn. ' da

Now to simplify all this observe that

We have also

da, dh, da^ dh^ da^ d^
dn^ ' dn^ dn^ ' dn^ dn^ ' dn^

da-, db, da^ db^ da^ db^

dn, ' dn^ dn, ' dn^

equals

dn, ' dn^

1 d"

2 dn,dn^

I cP

2 dn,dn

Id^
'

2 dn-

{a,c, + a./;^ + a^c,}

[a,h, + a.J}.^ + aJ)^]

1 <f

{b,c,+ b^c^+h^c,}

{a,- + a.^ + a{}:
2 dn^dn^

which equals

_1 fjT
2\dn,

d'J^

dn,

d'F d'H d'E
'^ dnjn,'^ dnf '" -^"

da, ,

5^ + ^^

dn..dn.

_ da^^dF_ldE
dn, ^ ' dn~ dn, 2 dn,

'

da.

dn

da

dn, ' * dn, ^

da^

dn.

1

dJ
dn.

IdE
'2dn'

da, , da ^s^M^,

b..

dn,

da

dn.

db.

dn

dk

dn

dn„

da,
,

dn, ^ '

db„

1 db, 7

' dn.

dn,

dn, + "^

db, ^
dn, ^

da^

dn^

dK
dn,

db,

dn.
+ C, . -r-'

=

2\dn

Idl
2 dn,

'

IdG
2dn,'

l(dH
2 \dn,

IdG

dH _dJ]
dn, dnj '

dJ _dF
dn„ dn.

db,

dwj 2 dn^
'

db^^ldl
dn, 2 dn.

02-

2
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We have also of course

c,^ + c/ +c/ =/,

h,c, + b,c^ + &3C3 =K
If we refer back to "Exercise the first" we find that

^ da^_dB IdE dB
' dn^ da^ ' 2 dn^ db^

dB
dc.

dF_ldE
dn^ 2 dn^

dJ_ldE
dn, 2 dn.

aod we may change a, into a„ or a^ in this, if we at the same time change 6, into h^ or

J3, and c, into c^ or c^. We have also

db^^dBldE dBldG
dn^ da^ 2 dii^ db^ 2 dn^

dB 1 {dH dJ__dF
dc^ 2 [dn^ dn„ dn

And here also we may change a, into a.^ or a^, b^ into b^ or 6,

leave all else the same.

We can easily obtain in a similar manner

da^_dB IdE dBlklF dH_dJ
dn, da, ' 2 dn, db, 2 [dn, dn dn..

into Cj or c,, and

1

dB

3

1 dl

And

dc^ ' 2 dn/

^^^dB l\dF dJ_ dJT)

dn^ da^ ' 2 \dn^ dn^ dnj

dB IdG dB Idl^

db^ ' 2 dn^ dc^ ' 2 dn^

'

Hence we can form the equation
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f IdE 1 fdF cUI dJ\ ldl\
"^

r^"
• 2 dn^ + ^'= • 2 U«3 ^^ "

^/»J
"^ "^'^ • 2 (/«J

""

-I

xl,

" 2 c^«

1 /(ZF (ZJ" dW

(dF \dE\ . fdJ ldE\\. IdE ._

,- +
, 1 tZff . \dl

" • 2 \dn,
~^

dn, dnj ^ '"'^ " 2 c/n, '

^^" " 2 d«

all equal zero, so that in the particular case of normal co-ordinates we obtain

d'F, d'F, ^^^_9 ^''^-
/•4,.S' ,<? _ P ^N J

3 1
^"

12 _ 23 _ 2 L

1

:

dS^

dn^

dS^

dn„

dn.

dP^_d^_ dJ^,^_dS^

dn, dn., ' dn, dn

P.,

P̂
23

2S,

ifdP^ clP^_dPy^
^\dn^ dn^ dnJ'

2>S„

l(dF^^dI\,_dF,
dn^ dn^

1 /dP,„ . dP.,.

2 Vci«i

"*"

trf«3
+ ^^ 2 U«3 cl\ dn^ J ^^ dn.

dS,

dn.

2S.

dn„
^ + A ^ + A V^3 + i^i_^Al
n^ ^ dn, - 2 V ci«i dii^ d'l^ / J

~15^, +"^Hd«, rf/J+ ^Vc^ rfn^JP

'^
12 I dn, + d«, (^n, ; ^^ dw, ^ ' dnJ '

all equal zero.

It is obvious that, as at page 468, we may write this last equation

(II) + (22) + (33) + (12) + (13) + (23) = 0,

and we must now as there develope separately each of these terms.

487
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Firstly, for (11) it equals

2 dn, \dn, '' dn^ ^ '' dnj

-R.f-+i^..?'lk.f-+l^.^}
" 'dn, ' 2

r

cZj),

_ dS^ dS, 1 -p

"' • dn^ ' dn^ 4 ^

^' di\ 2

dn

fdP.

But this equals

_l^^\f^+A,.^ + A ^^
dt\

1 dS„ dP„,

2 d\ \dn^

\d8^ dP^
2 di\ ' dn^ 2 dn^

'

.A .^ ^-Ia
*

' dn^ ' dn^ 4 '

d>\

)

di\

dP^

dn.

But this equals

ldI\,{dS_^_^_dS„
.
dS.

2 dn, [dn, dn

'^^[i\dnj dn^ ' dnj'

whicli fiually equals

1 ^dP„

^\l\dnj dn^'dnj

1 dB dP^
2B dn, ' dn.

Next (22) e(iuals

A .^^3 + 1^,
dn.^ 2 dn.^^'dnA

1 d_P^(dl 1 dPJ
^2^' d7i^ Vh, 2 » dnJ

B'\l"'\dnJ ''dn^-dny

which clearly equals

• j-l \ dn^J dn, ' dnJ

(:33) and (22) must be symmetrical, ami hence (33) equals

^t4U«3/ dn,' dny
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Having thus calculated the values of (11), (22), and (33), we shall now proceed to

calculate (23), it equals

-A,

-A,

dS,

dn.

dS \dP^

,2 dn.

dS,(^ d_S,^\dP^
dn^\ ' dn^ 2 dn^ )

^AA ^4^=^^ dn. dn„

_{^. + lK 2i^3
dl\.

dn.

'dS,+ lA '^
dn„ 2 ^ dn.:i

1^
+ ^^^^ S^ + ^^' ' "-

->-
' dn.

^ dn, dn„

dP^

dn.

all which may be written

-^ A '^^-

2 ' d7K

dP^

dn.

1 dS, [dS, . dS, dS,

2 d% [dn, dn, dn ' dn.

,^d^(d^,_^dS,^dS,^^ dP^^A
2 d«, [dn, dn^ dn,

'
" dn, '

1^1
2 dn.

dA,
+ P,

_ldS,(p dA p
2d». r^" (f«„ dn.

+ P.„

+ P..

ldS,(

^2dn,f"-
dA, p dA^ p
dn,

'^ "' dn,
'^

''

+

Ids,

2 dn

Ids,

2 dn.

£i f p dA, p rf^„

dA,
' dn.

dA,
' dn.

dA,
-2 4- P .

" dn, '^^ dn.

dS, 1, dS, dPn
,
1 . dS, dP^

dnj2 'dn^ ' dn,2'dn.

Ids,
^

2 dn.

dS, l^dS, dP^_^_ljdS,

dn, 2 ^ dn ' dn^ 2 ' dn.

dn,

dP^
dn.

Ids, dS,_ldS, dS,

2 dn, ' dn, 2 dn, ' dn.

_l^dS, dP^

2 * dn, ' dn.
-1-.

dS, dP^_

' dn, ' dn,

'
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Hence (23) equals

1 \dS,

+ 2 ^' {an. dn dn^ ' dn^]

dP^^dP^
dn, dn.

dP,

dn.

1

IB dn.

dS^

dn^ •2B

dB
dn„

dS^

dn.

+

+

4 \dn,

1 f^,
2 ]dn,

1 (0^
2 \dn.

d'P„ d"P„ d"P^

dn^

d'S, (TS^

dn^

IS,
dn„

+ -1^

d'S,

dn^

(d'S

d^,
dn.

4, \^ ^Pn
2 {dn^ dn.

dn,

d"S,

d:'S,

dn,

d'S,

dn^

d"S,

dn„

dn.

d"S
,

dn^

d'P
dn

d'P,

dn^ y

We are now going to reduce the ten terms marked ', and the ten marked "; firstly, we

shall reduce the ten mai-ked ', and then the ten marked " can be deduced from these by

oliano-ing dn^ into dn^, and dn^ into dn,.... To proceed, the ten terms marked ' equal

IdS,
"^

2 dn.

dn, + 2

dP^

dn.
.A dP^
"^

2 dn.

dn, 2

4 dn2 ^ dn.
' + P,.

dA,

dn.

dA
d

4i
4

dS,dP^
dn^ ' dn^

'

IdS,

2 dn.

dS A,

dn,'^ 2

+

dP, A_
• dn,"^ 2

dA P^
dn, 2

d/ij

dn.

_ld5,f ^3 d^l
4 dn,

I
" • dn,

"^ " • d«J

4

dS, dP„
dn, ' dn.
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8 dn.

' ''" ' diK dn„

''-it*''-'
dA^

dn„

-r^K-^'-A.8 dn. dn„ dn^ dn^

^8 dn^

+ 2A ^ + ^ ^^.3_,^P,

d»3

dA
dn.

8 rf?!j I ' dn^ " ' dn^ dn^

It is easily seen therefore that if we omit all the terms that are destroyed either

by equal terms in " or else by virtue of the ten equations given at commencement of

this Exercise that ' may be written

1 dS^

4 dn„ dn, ^ '=

dA.

diK

ldS,{p dj^

4 dn^ {
»= • dn^

"^ '

IdP,.
'8 dn. h-^-^..

lth-'^-^^«

dA^

dn^

dA^

dn^

Ml
dn„

hence we easily see that if in
'—

" we neglect all the terms that mutually destroy tliat,

' — " equals

+^=M M d^^ ^^"

4 \dn^ ' dn^ dn^ ' dnj

P,.^d^ dA,_dS^ dA^l
dn„ diK ' dnj4 \dn.

+

+

P.AdP_^.

+

8 U«,

8 \dn^

S, [dP,,

dn,,

dA^_dP^
dn^ dn„

dA, dP,.

dn.

dn^

dA,

dn.

dn^

dn.

^ 4 \dn.

dA, dP,.

dn„ dn„

dA.

dn,

dA,

dn,

dA
dn,

dA
dn.

Vol. XII. Part II. G3
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But this may be written

SA.-SA.{dB dA, dB dA,

'2B

S.P„-S.P
2B

dn^ ' dn^ dn^ '
dn.-

dB dA„ dB dA,

d«3 dn^ dn^ ' dt\

+
P,,P,,-P,,P,AdB dA^ dB dA^

iB dn. dn^ dn^ '
dti^

(dA^ dA^_dA_^ dA
{d7i, ' dn, dn, ' dn.

AT) AD

+
dA^ dA^ dA^ dA.

dn„ dn. dn dn.

^{dA^ dA,_dA, dAX^
(dm, * dwj dn^ ' dn^\

+^P +^/ 8 "^ 4
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f
-A

d7i,
"^

2

dP,

dn. dnj 2

^ 2
^sU dl.^A, dPJ
dn^ I

' J«j 2 d\)

-w^
'' ' dn^ ' dn^ ^ ' dn^

_g dS, dl\,_^p dS,

^ c?rt, dn^ ^ ' dn^

dP^

dn„

dn^

dP^\

d>\ J

WTiich equals

+ —' \A
dn„

+

+

1^.
2 dn^

IdP,
2 dn,

-A

^ dn

dS.

^^ + A^.^^ +
'^^

(dS,

dS,

dn^

dS,

dn.

dS,

dn^

dS,

dn.

dP^
dn.

dn.

+ A„

dn^

dP,

dn.

Which equals

+
1 dP,.

2 dn„

dn, dn, dn, ^ d^ + ^'
dP,

dn

-2 dS,

dn.
-A,

+ P„

-P.

dA^

dn^

dA,

dn.
-P.,

dn, ^ "-=

d_A,

dn.
-P..

dn.
-^ \A

dS, ,

dn, '

-A„ .
-^dS, dS,

\Vhich equals

"^ ' dn, ' dn.

IdP^
2 dn,

dP,.

dP^^dPn
dn, dn.

—>+P dA^

dn.
+ P„ •

^'d_A.

dn.

dn. dn^ 2

rfP,

dn.

+ A
dn.

dS,

dn.

_dS, dS,)

dn, ' dnj

+ A.'^'
dS.

dn, ' dn„

+
d_P^ dS,

dn, ' dn„

dn^

dP^

dA^

dn^

dA^

dn.

63—2
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Which equals

Which equals

Which equals

+
dP.. (dS.

dn^

A.

dn.

dn,+ 2

dn.J 2

dn^ 2

dn.

_4.
2

+ 2B

^2B

dP^
dn^

d^
dn-i

dB
dn^

dB
dn„

dS,_

dP.
dn^

^dP^,

dn.

dS,

dn„

1^

2B

2

dl\

dill

dS^

dn^

dB
dill

dP,

dn.

dP,

dn^

dS,

dn.

dP^,

dn.

^, Win dA^_dP^'dA
2 Xdn^ ' cin^ dn^ ' dn^

2

^ 2

c^ dP^^j^ ^dP^ dS,

dn^ ' dn, ' * dn^ ' dn^

dS, dS,_dSi dS,

dn ' dn dn.^
' dn^

dn^

_ 4.. \din
4 \ dn^

dP., dS^ dP
d7h dn

u dS)

2 dnj

+ 45

^ 2

dB
dn^

d_P^.

dn.

d_P^_^dP^,

dn^ dn^

dn, 4iB dn.

d_h
dn.

dB dP^
dn..

dS,

dn..

.dPn dS,

dn, ' dn.

+ A

...{a)

(dS, dS,_d_S^ .d_S)

' [(/«, dn^ dn^ ' dnj

(dP^ dA,_dP^, dA;\ ,o^

{dn^ • dn, dn, ' dnj-^^'

1_ K^.3 dB _djP^ dm
^ 4/} l«fn, dn, dn, ' dnj""^^^

(7);

Is.

A,

4
dJL,

dn.

dP^
diK

.dZ,
dn„

dB]

dnj

the last five lines marked (a), (a), (/9), (/S), (7) I uow proocLnl to roduce.
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The two lines
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it is thus easy to see that in (a) + (a) + (/3) + (/S) + (7) the coefficient of

\dn^ ' dn^ dn^ ' dnj

equals +^ P, - B'A.S, + | P,,PJ - 2P^S,S„

which equals - B' i^' + A^s\ .

The coefficient of

dA^ dA^_dA^ dA
dn, ' dn, dn„ ' dn,;}

equals +^ A,P,, +f ^3^., - j P,AA, + P..'S,
.

132

which equals + -r-A^P^,

.

The coefficient of

lA, dA^ _ clA^ chU
In.^ ' dn^ dn^ ' dnj

equals - P^P,,S, + 2S,S,P^.

I'^S"
which equals — B^A^S,

Hence finally (12) equals

^ 2 dn, ' dn„ dii^ ' dn^

4 I dn^ ' dn^ dn^ ' dn^

AB ' dn^ ' dt\ -iB ' dn^ ' dn^

4'
{ +

(i'. + 4^3'S;)
. (12)

- ^s-p- • Q + 4^.«3

(13) must be symmetrical with this, therefore it equals

_^^r^, dS^_^dP^,dS,
2 I dw, ' dn^ dn, ' dn^

-!

4 ( dn^ ' dn, dn, ' d«, j

1 dB dP^ 1 dB dPJ
"^ ^B dn, rf«, 4^ • dn, * dn,)

- {+ (P., + 4^A) (31)
- ^«^.3

(31) +'^^^& '
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Hence and by symmetry our second three differential equations are

497

+ 11+2--^ +—- '^'^'

2 1
" dnAn, dn,̂ drijdn^ dn^dnj

+ A^A

\ dB dP„ dB dP„ dB rfP„ dB dP,^ dB\

^^
' dn^ dn^ ' dn^ dn^ ' dn^ dn^ ' dn^ dn^ ' dn^\

__ J _ .;>dS, d^ _ ^dS^ dB _ ^dP^, dB . dP,. dB .
dP„ dB

.
rfP„ dB dP,„ dB]

4iB 1 " dre„ ' dn^ dn, ' dn, " dn.

B* /'>s\ /'^i\
- -^!^13 [^l

> =0.

+ {P,, + iA,S>© -^Pn
31

12J + ^^-''3
• ll2J J

12

1\ ..d^S,
^

rf-P, ^-P, (^-P,3

2 I dn^dn^ dn^' dn.jln^ dn^dn,^

+ A\

,
1

f
„rf,S;., dB .dS^ dB ^dP,, dB dP^„ dB dP,, dB

,
dP„^ dB

,
dP,, dB]

4fB [
" d«j ' dn^ dn^ ' dn^ " dn^ ' dn^ dn^ ' dn^ dn^ ' dn^ dn^ ' d\ dn^ ' dn^)

-^AA

+f ^ +(P,, + 4^3SJ.(i

)

+ (P3 + 4^A) "^^-^-•(23)

+ A^P
23\ 1

'^ V31/

- ^-P.

...A.©

;- = o.

11 +2-^^+^^-^
2 I

" dn^dn., dn^ dn.

+ AA

+ JL|_2^3 dB_^dS, dB_^dP^ dB^dP^ dB_^dP^dB^dI\,dB^dI\, dB
45 I

" dn^ '
dn.^ dn^ '

rf«, dn^ ' dn^ dn^ ' dn, dn^ ' dn^ dn^ ' dii^ dn^ ' dn^

B^

^12
+ ^4 P

+ ^i+(^.3+4A^)-(2j + iAA

/23\

' V23;
-^P P

+ (P. + 4^A)-(3i) -^.^.3-
(3?) +^^3^.(3;)

_

= 0.
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For the sake of convenience of reference I also write down the three remaining

differential equations of the second order; one has akeady been given, and the other two

are deducible by symmetry.

d'S„

dn^' dn^diLi dn^

+ A

1 ( . dS, dB d^^ dB_ldP^^ ^_l^ ^
B 1 dn„ ' dn

B'

, _ ^.^1
Jw, c/k, 2 dn„ ' dn^ 2 dn^ ' dn„

]

- (2 - 10^3) .

(J;)
- (2^,P., + 3P,3) .

(J^)
- (2^,P., + 3PJ •

(12)
"

(S)

31) -^^^-(31)
.

+ 3P.3.(,

+ 3P.,.

12

23

12

31

' V23,
!. = 0.

dn'^ dnJiK dnJ'

+ A

dS„ dB . dS, dB 1 dP,, dB 1 dP„ dB]4;l|+^.-+^'
.6 1 rfn, ' diK dn„

dB_ldIi, <iB_ldP^ dB]
dn., 2 dii.^ ' rf«3 2 dn^ ' dnj

R

dn, 2 d7i.^ ' rf«3 2 dn^

(2-10^.).g) -(2^P,3 + 3P,).gJ) -(2^3A, + 3PJ.(23)

©J

+ 3P,,

.

•..•(

+ 3P3..(i2)

;)

-"
V12/

-P„,

-2&

= 0.

rfwg" d)\dn^ dn^

+ A

1
f ,

dS, dB dS, dB 1 fZP„ (75 1 rfP„ rf5

.B I
^ c?«3 dn^ ^ (Zn, ' dn, 2 f//i, ' r/rtj 2 dn^ ' dn^ J

- (2 - lOS,) .

(^J)
- (2.1^3, + 3PJ .

(3 j)
- (2^.P, + 3PJ .

gj)

../>..© -....(!;) -n..o

-^^..•© -''-GD -«,.£)]

= 0.
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These sis Equations for Normal Co-ordinates as well as the Determinant Equations

for Curvilinear Co-ordinates on pages 467 and 48G are now given for (I believe) the first

time. A slight examination of the Equations on pages 467 and 486 as well as of the

calculations on immediately following pages proves that the six equations of Curvilinear

Co-ordinates contain Second differential coefficients and A in the same manner as the

six Equations of Normal Co-ordinates, but that the "determinant portion" (see page 482)

consists of forty-five determinants in place of nine, inasmuch as the arrangements of three

letters in pairs is three, but that of six letters is fifteen.

Writing in the Equations on pages 467 and 486, F, H, J, A^.^, A^^ and A„^ all equal

zero, and A^^E = AJ[x = A^J= unity, we obtain

du^'
"^

dM,» 2E [duj 2G [duj

2G du^ du^ 2E du^ du^
"^ 2/ du^ du,

~
'

and

1 dEdE_]^dIdE_J. dGdE_
2E du^ du^ 21 du^ du^ 2Gdu^du^~ '

four more equations result from symmetry. These six equations are M. Lamp's Equations

for Orthogonal Curvilinear Co-ordinates.

I now conclude this Chapter by deducing one symmetrical equation in A^A^.^, n^n.jn^

by means of these six now given.

In order to do this multiply the first equation given on page 497 by P,,,

second by P,,,

third by P,„

first 498 by >S;,

second by >S,,

third by ,S;,

and add these six results together; the result of course must be symmetrical in A^, A^, A
(23N /1^\ /Sl\

'
I

,
I

" 1 [ ] ;

(23) ' (31) ' (l^j
' (23) ' (31) ' (12)

^" ^^^^ equation, and then remaining portion

The coefficient of (.-,.^) equals

J'r-'^i''
13'' sa ""I'' la'' 23

j

.
.+p„.(P,3 + 4^A) + 3^3--P« ;

23.

<.+A,P,,P^-A,P,,P^ -j

+^ +P„.(P,3 + 4^A) + 3^3--P,

[-S,.{2A,P^-i.SPJ-SJ^,

which equals

^. j+P.,. {2A,S, + P,,) + 3P,3 {S, - S,) - iAAP...
j+

Vol. XII. Part II. G4
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which equals

Rev. J. W. WAEREN'S EXERCISES IN

Now from the ten Equations given at commencement of this Exercise, we get

1
S,+ S,-S, + A,P,, =

,

Hence above equals

+ ^\-^' + i (ASA. - AS^^ + P.A - P.A)TV
but (A P .,S + P S. — A^S^P„^ — S^^^) is easily seen to equal zero, and hence the coefficient

of (~] equals

-^ P
8

"'

/31\
and so by symmetry coefficient of (^ j equals

The coefficient of
23)

equals

+ ^\+^A^S,P,,-2SA ^ '

[-2S,S,+ S,{10S,-2yj

which equals

•which equals

,^(,4-2-1)=.^;^..

Hence so far as Q>Q J{l^^>Q•Q ^Q>Q'Q'Cu
symmetrical equation ecjuals

are concerned our

+
IP
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Whilst other portion equals

+ S,

+ S,

,d^,^_d^S,_d^X
dn„dn. dn'' dn„')

+

+

11^

ditjtln^

dn,d)K

'
dnj'

d^^
dn;

'

d'P,

dn,dn, dn,'

d^S,
'
dn,'

d^,

d'>i ,

d'P
+ ^ + 2

d-s
,

dit.dll

+

+ ;

+

dn..

P,

2

P.

J_i!^ _-^^^i +^1^+ 2^^1
[ dn.j.dn^ du,di\ dn' dn^dn^

12 J -
ofn.rfii. f^io'/Hj dn^ dn^dn^

+
,
dn, j \ dn^ J

1 dJl
^

iil dn,

dS^_

dn.
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d
s,p,,-Ipp) + J^{s,p

12 2 23 isy

1 <?5 . . ., . 1 ^5 .

+ jn J— into a similar quantity + -r-p, -j^ "ito a similar quantity

;

but it is clear this may be written

d' \ 5'

''^dn^'^dn:) 4

dnjdn. V 2 ) dn^dn\ 2 / d«.cZ«, 1, 2 )

A
2'

4 J dn„ an.

l^(dB _d^ /B\ dB d_ (B^\ dB _d (B\\
B \dn^ • dn^ U y

"^
dn^ ' dn^ \^}^ dn^ ' dn, [ 4 )}

? d^ fA^\ '^ A. (^
J

"
d))„ V 4 / f/«j

' dn^ \ 4

+ £
dB d_ (Ail\ dB d_ (A^\
dn^ rfn, V 4 / dn^ ' dn^ \ 4 /

dB d /A„B\ dB d fA,B-

dn, ' dn. d)K '
dn..

if we examine above we find all such tenns as ( ~f— ) ; A, -y— . ^— mutually destroy, aud
Van,/ ' dn^ dn^

thus we see our symmetrical differential equation of second order equals

d'B d'B d'B „, d'B ^, d'B „ , d'B

dn* dn^ dn ' dn^dn^ ' d"Ai 'dn^dUj

„ , d'A, d'A, d'A

dn^dn^ dn^dn^ dn.

'Ad

*l<

? /dA, d^,\_^dB (dA, ^ dA,\ ^ dB /dA,
_^
dAX\

^\dn^ dnj dn.,\dn^ dn^J dii^\dn^ dnj)
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EXERCISE THE THIRD.

Normal Co-ordinates.

If we refer back to " Exercise the first," we find that

dx _ dx _ , dx _
S^,"*"" d^i~^" d^,'"''

du~" iht~'' du'"""

dz '^^ ^ h A^ —
5«;=^=' di^,~''" du^-''^'

Hence it is easy to see

i!,
^^^= - ^=^.) -^ 5^/^'«= - ^««') + i, ("'^-^ - «A)

=

<»•

These equations are true both in Normal and Curvilinear Co-ordinates, and may be

written as follows

:

d'B drB d'-B ,.

du^da^ du„dl>^ du^dc^

d'B cPB d;'B
"r J.. ,77, "f" J.. J. >

du^da„ dii^db^ du^dc^

d'B d'B drB_ ^ ^
du^d'i^ du^db^ du-^dc^
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Now mnitiply the first of these equations tj 75 3^ > ^^^ second by -7^ t— , and the

1 flR
third b}' 75 ^ ; then add together, and using Normal Co-ordinates we obtain

dB , (IB , dB
dn, ^ dn, ^ d

equal to

(dB d^ fl dB\ dB ^ A d^\ dB J^ n dB]
\dF^ dn„ \B daJ dh\ dn^ \B daj '^ db^ dn^ \B daj\'

^dB jl_ n dB\ dB d^n dB\ dB d_ n dB\l
\dc^ dn^ \B daJ dc^ dn^ \B daJ dc^ dn^ \B daJ]

'

This equation takes the simple form

dB dB dB \dA^ dA.

dn^ ^dn^ ^ dn^ \dn^ dii^

B.
I

d cos a, -
cos a,—; + cos B.

an„

d cos B, d cos 7,

'

dn„
+ C0S7— —

'

d cos a, ^ d cos B, d cos 7,
cos a.—

;

* + cos p. —J + cos 7, -—j
' d«, ^ dn. ' dn.

where a, /?, 7,, a„ ^„ y.„ a, /Jj 73, have the same significance as in Second Exercise.

Hence, remembering that

d cos a, „ d cos /8, fZ cos 7,
cos a,—;—

' + cos «,—;— + COS 7,—j^

—

^ = 0,
' a/i, ' a«, ' dn^

dn, _ cZre, dn,

'=°«°l=77„' ^°^^l = ^' C0S7,=-;jr^,
(ia;' rfz

cosa,= -^^, cos^, = ^% cos7j=^%

dn. dn.

'' dz

dn.
cosa3= -, cos ^3 = -^^, cos 73=^^.

we easily see that the above equation may bo written

l{dJ3^^ d^^^ dJl)_^dA,^dA,
B {dn^ ' dn, '' </»J dn^ dn^

_ d cos a, (i cos /3 J cos 7,

(;?a; rf^ dz '

But it is a well-known proposition in Solid Geometry that

d cos a, rZ cos B, d cos 7, 1 1

dx dy dz li^ R,'
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where i?, and R, have their usual geometric significance ; and lience we obtain the vahie of

-=- + -Tj- in Normal Co-ordinates,

A'j iij B \ua^ * dn^ ' dtij dn^ dn.,
'

We may obtain this same result by a good many other methods.

I shall give a few for exercise.

If we pass from a point on the normal n, to a very near point on the same normal, it

comes to the same in the end whether we do this directly by travelling a distance

FQ along the normal w, to the surface «,, or else first go a distance Pe along the

intersection of the surfaces m^ and u^, next a distance ef along the iutersectinn of the surfaces

u^ and ?/3, and then a distance /Q' along the intersection of the surfaces v^ and m,,. Hence

clearly we have

^.A.=(«Ai^+(m|+(.p).^,

where (<?/)„ (fQ)^, (eP), denote the perpendiculars let fall from Q on the faces ePgli
;

efPU; PUgk; {{ef,)
= PQ; {fQ\=A,xPQ; {eP), = A,x PQ}. And A, denotes the

operation of taking the difference of the values of a quantity at two very near positions

P and Q on the normal n^ to the surflice m,, and dividing this difference by the distance

PQ; hence

d , d . d

dn. dn^'

d

d , d . d

dn 'dn. dn„
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Whence we obtain

-| = 25. . A, + P.3. A, + P., . A,.

^^ = 2^,. A, + P,. A3 + P,,. A,.

^^ = 25, . A3 + P„. A, + P,3. A,

Now let dS^ be an element of the surface m,, E^ and R., the chief radii of curvature

of «, at the point where d<S, is taken ; also let \ and fi equal the elementary angles

that iJ, and ii, make with the consecutive normals along the lines of curvature ; hence

clearly

Now for the parallel surface neither \ nor
fj,

receives any change ; and hence we clearly

see that

dS, — value of dS^ for parallel surface

equals \ . fi . i?, . ^i\^ + -^\'>^ ^Q-

fhich equals dS^x PQxUjy + j-[.

But we know that dS^ = ds^ . ds^ x sin ; therefore we have

dS^ = £" . sin © . gin <^ . sin -v/r . dn., dn^
;

and hence
dS^ = B . dn^ dn^.

We clearly therefore have

dS^ — value of dS^ for parallel surface

— {B — value of B for parallel surface) . dn^ dn,

+ {dn^ . dn^ — value of dn^ . dn^ for parallel surface) . B,

and by above also equal to B . dn.^dn, . PQ • 7^ + ;^f•

Now dn (/r;, — value of dn^dn^ for parallel surface is what we call in the calodus of

variations B . {dn^dn^), which it is well known equals

, idBn dSn]

^''''^'^•\d,^! + ^:\'

but B<n^= PQ X A, and Sv, = PQ x A^, whence since PQ is of course supposed not to vary

BidnJn,) = dn,.dn,.PQ\^^f^+^j^y,

with «, or 7i, we have

hence we obtain as before

1 + 1=1BjB, B
dB ,dB , dli] dA, dA,

dn^ 'dn, "«,) dn, dv.
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I shall yet mention a third way to obtain above formula. Suppose that we write

cosa..^, +cosy3..^- +oo.y,.^^ =E,

COS a, . T—, + cos^j . -T^^ + cosy, . ^7-2 =G,

cos a.
^x T (Py (Fz _ „,

It is a known result that -p- + p- is proportional to

EG' + EG - 2FF'.

(See Traitd du Calcul Differentiel et du Calcul Integral, Par S. F. Lacroix. Tome second,

Seconde Edition, Paris, 1814, 629, § 774) But by previous Exercises we see that

^ dn^ ^ \ dn^ dnj \ dn^ dnj

' \dn^ dnj ^ dn^ \dn^ dnj

^ dn^ ^ dn^ 2 V dn^ dn^ dn^ J

Multiply first line by 25,, and add it to second line multiplied by 25!,, and subtract

from this third line multiplied by 2P^^, result clearly is

^" • dn, ^ ' dn^ ~ ' dn^

+^«.(^.t+^-S'+'^)-2«.''4-|

9 P A ^^-V ^'
~'=-^"^»cZ», '' dn^

+ symmetrical terms differentiated with regard to n^.

But this clearly equals

<^A P ^_ P ^^'«

+ terms differentiated with regard to n,.

Vol. XII. P.iET II.
65
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But the above equals

But this equals

d

dP.,.

H-a similar term differentiated with reo'ard to t?

+ a similar term differentiated with regard to «,

Hence once more, we find that

J?.
"•

B.,
~

dn, ^ d>K ^ B \dn, ^^ dn, ^ - dn.

Having determined the vahie of ^5- + -75- in normal co-ordinates, I now proceed to find
-ft. ii„

the value of -^-5 in terms of the same system.

By page 505 we have - A, (.^ +-^j equal to ^t + j^i^

hence clearly we have

1 ly /I 1

which equals

^(i.4j

B' \dii^ dn^ ^ ^ ' dn^
l('-^+^(AA + ^f^(A,B)-

which equals

1

B

d'B . , d'B d'B

rfrtj' '
"* dn

d'li d'B
+ 2^l3.„.-+2A;rry- + 2.1A^ C^/(,rf/J dn^dn^ ' dnjin^

.



CURVILINEAR AND NORMAL CO-ORDINATES. 509

dn^dn^ ' dn^dn^ " dn^'

dA^ dAX
d)K dn, J

*'-""-..i

Ji\dn^ dn^J\dn^ ^dn^ ^dn^

B dn„ \ dn^ ^ dn„ ^ dn^

B dn^ \dn^ ^ d\ * dn,

2
Such is a formula for ^^ in normal co-ordinates. I shall for conciseness refer to it

2 111
thus. — 2if. The following formulae for ^- + -fj- ; ^m &c. are interesting.

Write ^V=f^^ +f„^ +f^' ^-^AJJ^ + ^AJJ^+^AJJ^, then clearly, if after differentia-

tion with regard to/^/^./g we write/, = 1, /2 = 0, /3 = 0, we shall have

'-
df dn^'^df dn.^^df dn./

B(U'yf§B-,'§B^f^-^B.
V-Rj BJ dn^ d/^ dn^ df dn, df

Let now r, s, t; a, h, c, be six such symbols, so that a is always the companion

of r, b of s, and c of i. Moreover, let it be understood that each of r, s, and t are in-

dependent of one another, as well as a, b, and c. Finally, let it be understood that wherever

we see an r, this r is in succession to be changed, first into /,, next into f, thirdly into f.
And wherever we see an a, let it be tmderstood that first this a is to be changed into ?;,,

next into n.,, and lastly into n^ Let the same hold for s, t, and for b and c. This being

understood clearl}', we may write

A, = S T- ^ (consisting of three terms), (a)

i + i = 4s|; f,B (three terms);
.'

(^)
i?j 5„ B da dr

but

^^ds dbdb B da \dr )

6.5—2
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Hence we see that we may write

2 ^1-^d dV d^ dV^
E^B,_ B db ds da dr

because the right-hand side of this equation equals

•(7),

B ^ db ds B da dr '

which equals

1 ^(d dF„\
da dr I

+S— -^ i i- ^B
ds db B da dr '

which agrees with previous page.

In the same way as we obtained the equation

it is easy to obtain the equation

Hence by formulae (a), (/3) and (7),

or

± dV d_ dV
db ds da dr

dt dc £ db ds da dr
'

^d dV d_ dV d dV^^^
do dt db ds da dr

^)

.(S).

Equation (8) clearly consists of twenty-seven terras.

Another formula for ^-5- may be obtained thus

:

Ji,B^

Write

-^A + ^lP^_li3. ^_^s. dS,

dn^ di\dn, dn^ ' dn^ dn^ ' dn^

m=-j^,.
dS^

dn^

dP,, dS,

diij dn^

; 25. ;
P.

2S.
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-B"

^(1-^/); i(l-^/);^A-^,

" ' dn„

'

^ dn„ ' - dn, * dn„ dn^

-A„

cL4

dn,

i^- -A —^- A ^+A iMs-^
c??i, ' ' cZn, ' - d?i„ ^ dn, dn.

Now first two lines equal

+ B'

But

and Iberefore j| {J (^' - J S*)} "J""'"

4^
+

d^B ,. . „. drB , , , . s

dn„dn, 'dn„dn, ' dndn ' dn^\-2"--
"3

dA^-I5
( .. . .-^-^ _

2 I dn^ dn„ dn., dn^ \dn^J

^ i^Mi _ ^1 ^A _ A '^^'^

dn^ \dn^ ^ ^ dn^ ' dn^ \

ldBr^,_ . dA^

'^2dn,\dn^ 'dn.

Hence by symmetry we see that

-A.
dA,

dn„
-6J,

dA
' dn. }

AA{l(dA_\<iP^\\,±{l(ds,_idP^

equals

S('-^--)*25S;:(A-^.'*->-^S<'-''.*)
a

[dn^dn^ ^dn^dn^ "dn./dii^ * f/n^" 'rfn,"]

j^{_dAdA,_ dA, clA, _ /dAX _ (dAX]
\ dn^ dn^ dn, dn, \dn,J \dii,J

)
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,^dB^dA^_ dA,_ dA^l
-^2dn,\dn, ""^dn, ^^ dnj

2dn^\dn^ * dw, ° dnj

_SA dBdA,_^^dBd^,
" dn^ dn^ ^ d.i\ dn.^

'

We reduce the determinant on page 512 thus ; multiply third columii by A„, and

add to it first column multiplied by A^ result is

\{\-A:); \{\-A:); \a,^A,-A,A,+ \a,

''dn,' ^'-dn,'
^^-

dn^ '' dn,

(this is finally to be divided by A^.

Multiply in this determinant third column by A^, and add to it second multiplied

by A', result is

S,
;

S, ; A,A^P^+A}S,+A:S,

-B*
, dA^ . dA^_ dA^

'd)K ' dn^

dA,

dn„

, dA,_ A dA^. A A <^A

but this determinant is to be divided by A^A^, therefore determinant on top of page 512

equals

-B*
dA^
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^Bm^-A ''^

* dn.^ cZ/ig

_ . d'A, _ . d^, _ . ^A^
'diKdiK 'dn,' ^ dn:[dn^dti

_^^{dA,dA,_dA,dA,_ nlA^y _ /dA,\')

I dii^ ' dn^ dn^ ' dn^ \dn^) \dn^J

)

^ ^dnjxdn^ ' dn, ' du^

2 dn, I dn^
'' dn, ^ dn:i

* dn, ' dn.. ^ dn. ' dn.

-BU g) AS. + (Ifj AS. + (Ifj I i^s, -i)\.
23/ 2^ V23/ 2

Referring back to page 508 and adding above to B multiplied by expression at

foot of that page, we find that B . {2M+ m) equals

^ +^ +^+2A J^ + 2A -^^ + 2A -^^
dn^ dn^ dn^ ' dn^dn^ ^ dn^ dn^ " ' dn^ dn.

^b{4^^4^+''^
dn^dn^ dn^dn^ dn^dn^

^^{d^fdA, dA\^d^fd^^dJ^\_^dB.fd_A,^dJ^\\
2 (dn, Vdn, dn^) dn^\dn^ dnj dn^\dn^ dnj)

e '">

: OS)

A, (dB dA„ dB (Z^J , ,

\dn^ ' dn^ dn„ '
dn,^

" A\^ dA^_dB_ dA^

2 Xdn^ ' dn, dn, ' dn.

2 \dn, ' dit, dn^ ' dn^

,im dA,_dB^ dA}
(S-)

"*"

2 V«, • dn^ rf«3
• dnj ^ ^

1 frffi dA^_dB dA\ ( N

"^
2 V«,

• dn, dn, ' dnj ^^'
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Now let VIS consider for a moment the five lines marked a, /9, 7, S and e, we clearly have

7 = +

S = +

BA,P,, /23\

2 ^23/
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But it was proved at foot of page 511 (see value of determinant given at foot of

page 513) that B'm is equal to

-i{

dn' dn.,dn dn'

dS^ dB dS, dB_l dP^ ^ _ 1 dP^ dB
dn^ dn^ dn.^ dn, 2 d)u dn^ 2 dn^ dn.-^

-fw*-.->(g)-"Ae)-"Ag

Add to this the second zero equation on page 49S, and then di\-ide the result by B,

we clearly obtain Bin is equal to

A

^.

+3i>,.Q-p,.(f,)-2s.(;

Now comparing this Equation with the immediately previous found value of B (2J/ + m)

we clearly obtain m = — M, whence we have a second formula for ,, „ , and then by the

second equation on page 498 we obtain a third formula for The formula m = — -

Bfi; A',A',

+ ^1,,4,

is due to Gauss, who obtained it by a different process (see Disquisitiones generales circa

superficies curvas, Gottingen, 1827).

I conclude this Exercise with a remarkable formula, the proof of which I leave to the

reader as an Exercise in the preceding methods. I call the formula remarkable on account

of the curious destruction of terms, the coefficients, for instance, of the nine determinants

/12\
(1, &c. completely vanishing. The reader should compare this following fornuda with

pages 467 and 487.

(. dG . dl , (dJ dF dH\)
{ , dG , f^dH dG\

,
/-.dF dG\

i^'=^ + ^"S7/^^"fe+d^.-d^)j •' [^^^d,.,+M^d^rd^J^ "Vdi^rduJ

(, /^dll f//\
.

, dl , f^dJ d[\)
f ,

df.' , dl . (d'fdF dll\\

{M^di-cr-du.r''"d^^M'd^rdi>)\- r"^+^^"ci7.+''"k-^d«;-i^J}
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+ A\

. (dF dn dJ\
. dl . dE)

\ A ^^
, A ^^ J. A C^^^- ^W

( , f^dF dE\ , /„ dJ dE\ , dE]
\

. dG
^

. (dH dJ dF\

{M^d^rdi^.rM^durdur''^^d^}' f'^c^+^-^fe+s^r^J"'''"

is equal to

_ A^ ^. ^_ iA A ^ '^-'>A A '^^ ^
" du, du,

^^'^^'3
j^j,^ d^^^

-^12^13
^^^ ^^^

^^3 rfA. dJ^^j^ ^
\dA^ dl_dJ^, dn

" e?M, du^ " " I e?M, du^ du^ du,
]

dA,^ dA^,

du„ du„

dE
dxb.

d_A

du

3

dE

dO^

du,

dl

fKS--'"£-^A,^..S

Felmiary, 1875.

66—2
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NOTE TO EXERCISE THE FIRST. (Page 460.)

I give here the values expressed in terms of general Curvilinear Co-ordinates of the radius

of normal Curvature and the radius of geodesic Curvature of a Curve ti-aced on a siu-face.

I represent by the notation r^^ the radius of normal Curvature with regard to the surface

X = of the Curve formed by the intersection of the surfaces x = 0, y=0, whilst y., denotes

the radius of geodesic Curvature with regard to the surface a; = of the same Curve; {{u, x), (u, y)}

represents the value of the angle between two curves traced on the surface u = 0, these carves

being formed one by the intersection of the surfaces w = 0, x = 0, and the other by the inter-

section of the surfaces m = 0, y = 0. All the fornndte that follow are derived by simjjle transformation

of co-ordinates from the corresponding Homogeneous formute expressetl by means of Cartesian

co-ordinates.

I also assume the known or else easily demonstrated formulse

1 (1
sin (x, y) tv

• cos (.«, y)
1)

1 li-.

r I'

sin {X, y) (r,,

where {x, y) represents the angle between the surfaces x=0, y = ; finally r and y will represent

the radius of normal and geodesic curvatures of some curve traced on the surface U{h^, u^, mJ = 0,

a direction of an element of this curve being defined by the difierentials du^ : du^ : di\. These

preliminaries being thus explained my formulae are:

1 (a ^^^y A fdVV . fdU\^ „, dUdU „, dUdU „, dUdUU
r {^"U) ^H-^J ^^'-(^3) "''^'^^.^''^'^K'^-a'' "^^^3!

. {C„ . du; + Cjiu.: + CJ,u^ + 2CJu,dit^ + 2C^du^du^ + 2GJu,du^\

equals

(d'U

\du^

d^U , .

du,' + -^—^
d^u .

, ^ cvu , . ^ d'u
, , ^ <r-u

, , )

du^ ^ dudu, ' ^ dtiju ' ^ du.du, ^)

d^' + Kz d^- + ^^:J^3 + 2K^4u^du, + 2KJ,u^du^ -f- 2K^^du,du},

where

K,=

r"\2 duj ^''\du^ 2 duj*^'\du^ 2 dujj-

( " V du, 2 du^ J ""{ du, 2 du, / " ^2 du, J)
' u

C'Adu, 2 duj^^'\2 du, J "\ du, 2 du, Ji

dU]
du

lU

dj'

du.
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and

-2E„=i

t
" \du^ du^ duj" du^ " duj • du^

(
^' du^ " du^ '\(/«j du^ dttj) ' du„

dC,
' du.

dC.

dC
du^

I.
^ du^ ^' \ du^ du^ dii^ J ^' du^ ) dti^

^13) -^'31' -^13 ^'^^ -^13 being obtained by a cyclic change of sirffixea from above. There are eiyhteeu

coefficients of -— , &c. in all, compare these with the eighteen functions of first Exercise.

Cos(;7m,)

dU dU dU

^.'{^"©-'-©--©^^- dJ^dJJ_ ^. d]l<ill dUdUU'
'^ du^ du^ '' " du^ du^ '^ c?m, duj

Cos (C^Mj) and cos {UuJ are derived by a cyclic change of suffixes, by the aid of these cosines we

can ob^nously eliminate ——
,

-=—
,
—— ; -=—^ , &c. irom the above value 01 -

.

/dirv-)i
^-i_.,.,,..„>.c,...,,....w,.{«.Q--.a,.§;|i;.c,,(|)7.i.,,.„-c,,«

equals

1 '"2 du^ "V2 du^ dujjdu^

\ ''2du^ "\2 d2i,_ dujjdu,_

(.

*- du^ " rfM, J rfM,

I
''' (/w, '"'^ duJ • du^\

I ='V^i*, 2 duJ '=2 dujdu,^

— du,"

dudu„ .

\ ^"2 t^M, '^V2 c^2*, dujjdu^

from this we can eliminate cfw, and du„, for since (;m3=0, and dU=0, therefore

^du +4^<Z« =0, or c^u, = xf- and cf«. =-\^,
^,, 1 ^7« 2 ' ' du^ du,du, du.

and if then we write -^ equal to a constant or zero, we get a differential equation to deter-

ythU
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mine the integral U = oi Didonian or Geodesic curves traced on the surface v^ - 0. Write for

shortness

C ^-C ~

dU dU

sin (1) = '
>

ri/r r^^^V "r '^^ ^^^ + (7 T—VI'

rf6V)i
'

^" r- U«j ~ ^^-
rf^T, c/m,

+ ^

»

\duj 1

and hence obviously

dU
fC,.\l sin <!)„ ffe^

dU^ '

/^\i sino)^

\Cj sin u),

so that if — denote a differentiation due to a passage along the junction line of the surfaces

U = 0, Mj = 0, we obviously have

1
= sin (1),

yu,u (G,fi.,

5l3
cZ f/C'.A.^sincu,)

«-C,;)^ ds\\Cj sino.,/

r, . sin' (1), + r, . sin^ o, . sin <i>^ + T^ . sin m, . sin° m^ + F^ . sin' m^
*

sin' n

where li = id, + w^ and whore V^, F^, r^, and T, are functions merely of C„, Cj,, and (7,^ and

their differential coefficients with, regard to w, and w^, and by supposing U alternately to coincide

with M, and «,, we clearly have

These formula; for - and arc the analytical foundation for most of the known Gcome-
r yu,U

trical theorema regarding tko Curvatures of Curves drawn on surfaces ; it should also be observed



CURVILINEAR AND NORMAL CO-ORDINATES. 521

how is a function merely of C,,, C„, C,„, <d, and u,, and their differential coefficients

with regai'd to m, and !i, as it shovdd be.

If we eliminate sin'u, and sin'to, from the last written formula for by aid of the equation

sLa"n = sin-Uj + sin^w^ — 2 cos 12 sin u^ sin w^

we arrive after a few reductions at the following Geometrical interpretation of our formula.

Conceive three curves s, , s^, s^ drawn on the surface m = all to pass through the same point

P on this surface. Let o-j, a-,, <r^ equal the angles at P between the elements ds„ and ds^,

kc, lire, so that o-j + cr^ + o-^ = 0, then we have

equal to

(7(T, . da, . da-, . da, . da, . da
sm a, -r^ - sm o-„ -r-^ = sm a^^ - sm o-, -=-^ = sm a., -~ - sm a,~ .

' ds^ ^ ds,, - ds„ ' ds^ •* ds^ ' as,

The reciprocals of the six radii of normal Curvature, the three sums (of the reciprocals of

chief radii) of Curvature, and the nine first differential coefficients of the three angles at which

dC
the three surfaces cut, give us eighteen equations linear in the eighteen quantities "

, ifcc,

hence we can determine the Geometric meaning of these eighteen quantities and substitute these

Geometric values if we wish.

sm 1



522 Eev. J. W. WARKEN'S EXERCISES IN CO-ORDINATES.

surface u^ aiid E, R', tlie corresponding cUef radii of curvature, I have shown in this third Exercise

that

, , Arf^ 1 1

/I IV /I 1\ 2

Knowing as we do then the value of dS, by means of (a) in exercise the third, I obtained the

value of -j\ + -p,, which I may call 2, and thence by (/3) I obtained a value for -^jr, which

I shall call U, and this value obsei-ve contains differential coefficients of the second order. Lastly,

by means of (y) I thence obtained a differential equation of the third order equal zero ; but it

is not differential equations of the third order that we are in search of, but differential equations

of the second order, and we thus obtain these. In addition to the formula II which I have

given for -jr^, two others which I shall call II
^
and H^ can be obtained. 11^ contains differential

coefficients of the second order, but 11, only contains differential coefficients of the Jirst order,

hence the fonnulie ((3) and (y) lead to the following differential equations of the second order

:

(j8)' 2^ + AS-n,= 0,

(/?)" 2= + A2-n, = 0,

(y)' -An, = n.2 = n,.2 = n,.2,

and to these of course must be added sis similar seriei of differential equations of the second

order, derived symmetrically from the surfaces w, and «„.

Observe also that we may write the first (for example) of the Equations on page 497

.{AA + AA}^ + A,,r-^A3^;-A.^.&c. = 0,

from which probably interesting results might follow, but I must now bear in mind the warning of

our great Novelist, that "We can do nothing safely without some judgment as to where we are to

stop."



Tlie Phce of Music in Education as conceived by Aristotle {Politics

V. [viii.] cc. 3—7).

By Professor Jebb.

[Eead May 17, 1875.]

The object of education is to make the man a good citizen, and so to put him in

the way of attaining happiness; that is, the conscious activity of the highest part of

his nature in accordance with the law of his own excellence. Education should be the

same for all the citizens; and in order of time physical training must come first,

moral training second, intellectual training last. The State Education should aim mojx

at the development of the contemplative than of the practical reason, sLuce the

legislator's object is to fit the citizen, above all things, for the wise and happy enjoy-

ment of peace. The particular branches of Education, as ordinarily recognised, are,

Aristotle says, four in number:—Grammar, Gymnastic, Music, and (as some reckon)

Drawing. Grammar*, Gymnastic f, and Drawing f have evident practical utilities; but

with what object is Music to be taught ? This cannot be said to be either such a

direct utility as is the end of Gymnastic, or such as is the end of Grammar and

Drawing. Three objects, Aristotle says, might popularly be assigned : iraiSeia, discipline

;

TraiSid, pastime ; and Biaywyt], the rational employment of leisure. Classified more scien-

tifically, the objects which are to be attained by the study of Music a.e, he concludes,

these three :

—

iraiSela, discipline ; Biaycoytj, rational amusement ; and KaOapcri'^, the purifi-

cation of the emotions.

It is of the third and last especially that I wish to say a few words, with a

view to elucidating, if possible, the exact meaning which Aristotle attached to it, and

which, as it seems to me, is as suggestive for our own day as it is significant of the

Greek feeling towards art universally. But, before coming to Ka6ap<n<i, it will be worth

while to touch briefly on the two other objects

—

-rraiBeia and Biaya>y7J.

I. vaiBeia. The disciplinary value of Music for youthful learners is twofold

;

artistic and moral. Artistic, as educing and training those perceptions which will make

• 'For business—foreconomy—for learning—for political artistic finish, which guide one (for instance) in pnrchases,

actions.' f" Tois iSiois iijpi'ois : as making men connoisseurs of art

;

t wpos iiyUiap xol aXxr/v. above all, as training the sense of beauty in the human
I As fitting to give accurate ideas of shape and of form.

Vol. XII. Part II. 67
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Music a delightful resource in mature life,—as, in short, preparing Biayaj^. Moral, since,

as we listen to Music, we become ttoioi rive'; : there is a definite affection of the soul

;

and, if the Music is rightly chosen, it disciplines the moral nature by establishing in

us the faculty of rejoicing aright

—

eOi^ovaa hiivaaOai yaipeiv opOm'i. For Music can give

us images, ofioioofiaTa, of certain feelings,—love, hatred, joy, sorrow ; and pleasure in the

imitations will create sympathy with the feelings represented. It is peculiar to the

sense of hearing that it can thus be the channel of a moral imitation. The sense of

touch and the sense of taste are not accessible to such suggestion. The sense of sight is

so in only a slight degree. For though forms and colours are, in a way, ethical, or

significant of character, they are so in a different manner from musical sounds or words.

Musical soimds and words are imitative expressions of character and feeling. Forms and

colours are not expressions, but only symbols ; they are not ofioiaifiaTa but ai]fj,eia.

Granting, however, that Music as a discipline has potentially this double value, the

artistic and the moral, what kind of Music is to be chosen as especially iiseful for the

discipline of the young ? According to a division which, Aristotle saj's, had been used by

some scientific writers {tcov ev <pi\oao(pLa Tivd<;) of his day, fieXrj, styles or genera of

Music, were classified as

1. riBiKa,

2. TVpaKTLKa,

3. iif6ovaia<JTiKd.

1. The meaning of rjOiKa is explained by the mention of the Dorian fieXr] as

being rjOiKmrara. It is a grave and manly character in music, remote alike from

excitement and from a voluptuous languor.

2. 'Practical' Music is that which accompanies and interprets action ;— stirring,

vigorous, animated, like martial music, but, on the other hand, steady and restrained.

In the Problems Aristotle saj's that the Hypo-phrygian mode—in which the enthusiasm

of the pure Phrygian was tempered—has an ^^o? irpaKTiicov *
: and so the iambic trimeter,

as compared with the saltatoiy tetrameter, is said to be irpaKTiKovf—as Horace expresses

it, natian rebus arjendis.

3. 'Enthvisiasiic' Music is such as the Phrj'gian—a wild, excited strain, fitted to

stimulate the worshippers in the orgiastic rites of Dionysos or Cybele.

Now, for TraiBeia, the Ethical Music is of course to be used,—tlie Dorian chiefly

;

though the Lydian Music may also, Aristotle thinks, satisfy the three conditions—
absence of excess, the limit of what is practicable, and propriety.

But does Music, considered as a part of early training, imply the power of

performing upon any instrument? Aristotle gives two reasons for answering Yes.— (i) A
measure of practical knowledge is necessar}' to make a good judge of Music, (ii) A
musical instniraent may be for youths what the TrXaTayij of Archytas is for children

—

* Arist. ProbUm. xix. -11. And hence the reaaon.'he

addB, why ij lnro<t>puyiCTi was never used in Trnpedy by the

chorus, which has uo part in the action, but is merely a

passive sympathiser—/cr/Sfurrfs dirpaKros.

f Arist. Poet. c. 21, to 5^ iaidfiiKdv Kal Trrpifterpoii kivt)-

TiK&i TO /iir (S/JxiJCTtKiK, TO 5i irpoKTiitAi'.
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a means of keeping them out of mischief. But here he states and answers an

objection. May not the pursuit of executive skill in Music degrade the citizen into a

^dvav(ro<; or mechanic ? Aristotle answers :—It may do so, if it is carried too far. We
have to fix a limit up to which it may be studied by those who are being trained to

the virtue of a citizen. This limit is determined by two things. First; the learning of

Music must not interfere with other studies. Secondly, the body of the citizen must in

no way be unfitted for war or those exercises which befit free men. No mechanic, an}'

more than a slave, can do these actions which are according to virtue. Therefore youths

must not enter upon such laborious musical training as is preparatory for the contests

of artists (re-xytKol dy(l}ve<;). Nor must they attempt those brilliant pieces of an extra-

ordinary difficulty (ra Oavfidaca Kal rd TrepiTrd) which have been brought into contests,

and thence into education. In a word—the study of Music must stop short of what

is TexviKi'], 2:)rofessional. The feeling of the Greeks in and before Ai'istotle's time towards

artistic specialists seems to have varied with the eminence of the artist a good deal

more than it does among us. The artists of genius were recognised as great men.

The ordinary artists were mechanics—men who had gone aside from the true political

life, and whose moral natures were maimed.

II. Siayoiyrj. The distinction between -jraiBid and hiaywyq must be clearly seen.

TTCLihid is mere recreation : it is for tlie sake of rest ix^P'-^ duaTravcrea)<;), and fulfils its

end if it is pleasant. Biayooyy] is something more: it has two elements, corresponding to

the two chief constituents of happiness itself

—

to koKov and to tjhv. It is the employ-

ment of leisure in a manner befitting a citizen. Let it be remembered what is Aristotle's

view of this ax°^'n*- The soul is of two parts. Rational and Irrational; the Rational is

divided into the Theoretic and the Practical Reason. As the Practical is subordinate to

the Theoretic Reason, so useful or necessary actions are subordinate to noble actions. War

leads up to peace. Work leads up to rest. Bravery and Patience are necessary for work,

I e. ' Philosophy,' intellectual culture, is necessary for the right use of rest. Temperance

and Justice are necessary both for work and for rest. The aim of education is to

teach men first how they shall procure, secondly how they shall use, leisure. Greek civili-

sation became more and more developed, the science of leisure—if one may use such a

phrase—was more and more cultivated. Aristotle's word o-p^oXacrTt/co? means neither

exactly 'leisurely,' nor, of course, 'scholastic,' but rather 'fitted fur leisure,' i.e. qualified

to use it intelligently: see Polit. VII. (vi.) 8 § 22, and VIII (v.) 11 § 5, jxi^re a-xpXd'i

. . . fiijre avWoyovi axo^aaTiKovi. ' As they became more fitted for leisure,' he says,

•through their material resources, and of a loftier spirit towards virtue,—having already,

too, after the Persian wars, been lifted up in spirit by their achievements,—they began

to lay hold on all learning, drawing no line

—

oiiSkv SiaKpivovre^—but pushing their search

onward -f.'

Here, then, is the reason of the place held by Music in the mature life of the

normal citizen—it is one of the noblest and most elevating forms of Biaytoyi] or rational

* Axist. Fol. T. It t T. (Tiu.) 6, § 11.

67-
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recreation. And while it is thus a great general instrument of 81070)7?;, it ministers,

in that quality, to two special purposes—the culture of the intelligence, ^poi^o-t?, and

the purification of the emotions, Kodapai'i.

1. To the intelligence it renders, first of all, the service of relaxation, dveaiii:

secondly, it affords a gentle exercise for the critical faculty in alliance with the imagi-

nation, thus aiding to render the perceptions subtle and exact. Athene's reason for

throwing away the flute when she had found it, was not, Aristotle suggests, that it

distorted the player's face, but rather that it contributed nothing to this essential object

of the best Music—culture of the intelligence.

2. What, however, is to be understood by Kadapaii;, that purification of the emotions

which is the highest and final moral function of Music ?

The word Ka6apai<;, as applied to Tragedy in Aristotle's Poetics, and here, in his

Politics, to Music, has been variously explained.

In the Poetics, Tragedy is described as efifecting, by means of pity and terror, the

purification of such pa.ssions : 81 iXiov koI <f>6^ov irepaivovaa ttjv twv Totovrmv TraOrj-

fidrav Kadapaiv.

The explanations which have been suggested are, so far as I know, four in number

;

for I set aside the notion, resting on verbal misconceptions, that iradtj/xaTtov and Kd9apai,<;

could mean 'removal of calamities '—the prevention, that is, of such disasters as Tragedy

represents.

1. Ka6ap<ji<; = that inoderaiion of the emotions which results from familiarity with the

objects that excite them : as the passions of pity or terror might be moderated, through

habit, in the physician or the soldier. This explanation is manifestly not only inadequate,

but not specially applicable to tragic fiction.

2. Ko.Oapcn'i = chastisement of the had passions, effected by pity and ten-or at what

Tragedy represents. When we see in Tragedy what the bad passions entail, we restrain them.

This view appears untenable when we observe that it excludes pity and terror from the

passions thus chastened ; whereas Aristotle says, t<ov toiovtcov irad-qfiaTCDv, such passions

—

such, namely, as pity and terror ; e. g. love and hatred. Compare Folit. X. (viii.) 7 § 5,

tou'to 8rj TOVTO apayKaiov jraa-xeiv koI Tovf eXerjfiova^ xal toi)s <f)ol3j]Ti.KOV<! xal tou? bXou?

7ra0r)TiKov<; : where tovto irdaj^eiv = Ka6apae(o<i Tv^^elv.

.3. KaOapcnt = the separation from pity and terror of what is disagreeable or painful

in such emotions when they are excited by real objects, and not, as in Tragedy, by fictions.

Plea.sure is doubtless attendant on Kaffapai'} iradrjp.aTtov: but clearly Kddapcn<; consists in

something more than making an emotion pleasurable ; and, moreover, the operation of

KaOapcri'; on the moral nature is manifestly something gradual, and when effected, lasting;

it is not confined to a momentary impression ; it is a process, and ultimately a healing of

the soul.

4. Ka6apffi.<i
=

' the correction or refinement of the passions.' This is Twining's expla-

nation ; it is the nearest, I think, to the truth ; but I do not think that he has found

exactly the right point of view. I will quote his own words* :

—

• Twining, Poetics, Vol. n. p. 17.
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'The passions of savages, or of men in the first rude stages of civilisation, are fero-

cious and painful. They pitrj, or they fear, either violently or not at all. With them,

there is hardly any medium between ungovernable agitation and absolute insensibility.

Suppose such a people to have access, like the Athenians, to theatrical representations,

and to have their emotions kept in frequent and pleasurable exercise by fictitious distress

;

the consequence, I think, would be that by degrees they would come to have more feeling

and less perturhation. Instead of sympathetic emotions rarely excited, painfully felt, and

soon extinguished, they would gradually acquire a calm, lasting, and useful habit of general

tenderness and sensibility. The doctrine, therefore, of Aristotle, that tragedy purges the

passions would perhaps only amount to this—that the habitual exercise of the passions by

works of imagination in general, of the serious and pathetic kind (such as Tragedies,

Novels, &c.) has a tendency to soften and refine those passions when excited by real ob-

jects in common life.'

This view appears essentially modem. The idea of softening, refining, correcting,

was certainly not, I think, attached by Aristotle to Kadatpeiv, KadapaK in this relation.

In order to explain what, as I think, he did mean, a few prefatory remarks will be

needful. Winckelmann observes that the two great characteristics of the Greek ideal,

whether in art or in action, are what he calls Heiterkeit and Allgemeinheit ; cheerful self-

possession, and generality. The first explains itself; it is repose without sternness or sad-

ness or monotony. The second, generality, is to be understood as the very opposite of

laxity or vagueness ; it means the concentration of impressions into types. This generality

is best exemplified in sculpture. There, the character necessarily predominates over the

situation. The sculptor has to choose a type which is intrinsically interesting, indepen-

dently of a special situation or a critical moment : and then he has to present this type

in its broad, central, incisive lines*. This he effects, not by accumulating details, but by

abstracting from them. All that is accidental, that distracts the simple effect of the

supreme types of humanity, all traces in them of the commonness of the world, he

gradually purges away.

Now sculjDture is not only the most Greek of Greek Artsf, it is the Greek soul and

nature itself 'In its poets and orators,' as Hegel says, 'in its historians and philosophers,

Greece cannot be conceived from a central point, unless one brings, as a key to the un-

derstanding of it, an insight into the ideal forms of sculpture, and regards the images of

statesmen and philosophers as well as epic and dramatic heroes from the artistic jjoiut of

view ; for those who act, as well as those who create and think, have in those beautiful

days of Greece this plastic character.'

As Sculpture purges away the accidental, the common, the disturbing, so it is that

Tragedy and Music Kadaipovat, to, Tradrifiara. Tragedy moves pity and teiTor; and Greek

Tragedy moves them by the simple, massive presentation of great issues, from which

the vulgar, the spurious, the petty, the maudlin are excluded ; it is the conflict of the

human will with necessity, it is the antithesis between written and unwritten law, it is the

stedfast endurance of suffering incurred in a good cause, it is the duty to Apollo prevailing

over the dread of the Furies. The objects or the issues, however grave, which in real

See Pater, Studies in the History of the Eenaissance, p. 183. t ib. 192.
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life move such emotions, have seldom this nettete, this clearness of outline and freedom

from alloy. What is the ultimate reason of that offence which persons of ordinary culti-

vation experience when some tragic or horrible occurrence is made the subject of florid

comment ? It is that such comment is doing deliberately and violently the very reverse

of what, according to Aristotle, Tragedy has to do ; it is using pity and terror not to

clarify but to adulterate the feelings by confounding an essential pathos with its most

trivial or repulsive accidents. A living poet and novelist, whose fictions have some moral

as well as some artistic affinity with Greek Tragedj', was once asked how these works had

been influenced by the study of Sophocles; and the answer was, 'in the delineation of the

great primary emotions.'

Music also can move pity or terror or the feelings akin to them

:

Anil lo, with thee doth rise

The lord of melodies.

Sovereign of glorions sound, as thou of form

:

Love, hate, hope, fear, scorn, wrath, defiance, prayer,

Each at Beethoven's mandate thrills the air.

The low, sad night-wind or the rushing storm.

And Music, when rightly used, can effect the Jcatharsis of these emotions. What Tragedy

does in the sphere of action, Tpd^K, so far idealised as to be represented by great and

simple themes, this Music does in the sphere of moral imitation, tjOlkt] (jyuot'ocrt?, which i^

peculiar to it. It gives a scope to the emotions from which everything foreign, turbid'

vitiating or perplexing, is banished ; it clarifies them ; it presents them in a genuine sim-

plicity, and at the same time with a majesty and a power from which even detail which

was not impertinent would still necessarily make some detraction.

In order to see distinctly that the modern and perhaps peculiarly English idea of

toning down, refining, is not necessarily, and if at all, only in a secondary sense, connected

with katharsis, let us look at a striking and suggestive passage in the Politics V. (viii.) 7,

§ 4. Aristotle has just been saying that Music is valuable for the three things, TraiSeia,

Siayccyri, Ka6apcn<;, and has drawn the inference that all the modes, apfiovlai, may be ad-

vantageously applied for one or another of these purposes; the most ethical harmonies, for

TraiBeia; the practical and the enthusiastic for akroasis—for listening to while other people

play *. But why is enthusiastic music thus universally available ? Because, he says, the

emotion which in some souls occurs vehemently, ia)(^upco<;, exists originally, virdp^ti, in all

human souls, in some degree: this is true of pity aud terror; this is true also, he adds,

of enthusiasm ;—just as Wordsworth says, that the poet is a man who has the common
sensibilities in a higher degree. ' Some persons,' Aristotle continues, ' are liable to the seizure

by this tumult in the soul '

—

inro TavTr)<s t»7s Kivrjaeco^ KaTaKco^^^ifioi elaiv. Then he gives an

illustration. So much depends on the exact rendering of the words here, that I must

give the Greek, e'/c Be Toiv iepwv /MeKwv cpwfiev toi^tov?, otuv )^i^au>vTai, rot? e^opyid^ovai

TijV '<^v)(rjv fieKfcri, KadiaTafievov<i anjirep tarpeia? Tv^oi/ra? Kal Kaddpaewi. ravro B)} roino

* Wo must not alter irpAi axpoao'ii' into irpos Ki9apatv as

Twining does. Aristotle has used the conveniently general

word atpoaais precisely because it iucludes the two elements

of the use wpos Siayuy^v—the cultivation of the intelligence,

and Ktidapjis.
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dvajKolov •j7d(T')^eiv koX toi)? iXei'jfioi'a'; kol toi)? (^oj3riTi.Koi"; koX tov<; clWov; TradrjTCKov^,

Toi)? 8' ((\Xoi/? Kad' oaov eTriffaWet, tKaaTov tovtcov, kol iraat, yiyveadai Tiva KciOapcriv Kol

Kov<pL^ta-daL fjieO' I'/Sovfj'i. The point is—Are we to identify ra lepd fiiXr} with to. ti)v '^vx^v

i^opyid^ovTa /jieXr] ? I think it is clear that Aristotle meant to do so ; and I render

thus :

—

' Now, as a result of the sacred chants, we see such persons (viz. those who are

susceptible of enthusiasm in the higher degree), when they have experienced that music

which brings the soul to a frenzy, becoming their true selves (Ka6ia-Tafievov<;*), having

met, as it were, with that which can heal and purify them. The same thing must needs

be felt by the compassionate, by the timid, in a word, by the emotional, and by the rest

of the world, in such measure as each shares tliis or that susceptibility. All must

experience a purification, a relief attended by pleasui'e.'

If this is a right version, then the KuOapa-K, the larpeia of these naturally enthusiastic

natures, is nothing else than enthusiasm itself: it consists in their liberation, by the in-

spiring and elevating power of the music, from all that restrains, obscures, or abuses that

divine emotion. It is anything but a toning down or a refinement; it is an exalting, an

intensifying influence.

But an objection might occur. Why should not the sentence be translated thus :

—

'We see such persons, after that they have experienced the orgiastic melodies, brought into

their normal state by the sacred melodies'? The lepd jxeXri would thus be tranquillizing

melodies fvUoiuing the e^opyid^ovTu. Twining, in his introduction to the Poetics, is, however,

clearly right in identifying the lepd with the i^opyid^ovTa. ;!^p7;o-Q)i'Tat is to be translated

by the English perfect"]",
—'when they have used' or experienced : the xaTdaraai^, or pleasurable

subsidence of the soul, is a consequence of the orgiastic music.

To sum up :—Where does Aiistotle place Music in Education ? He says that, for the

youthful, it is a discipline both artistic and moral; but differs here from the modern view

in requiring such a measure of executive skill as will make the connoisseur a practical

judge ; a view inseparable from the Greek conception of art and art-criticism as part of the

complete civic life, but one which has been partly superseded in modern days by the creation

of a scientific aesthetic, bringing j^rinciples, ascertained through practice, within the appre-

hension of those who have had no practical experience. For the mature. Music is a noble

recreation, fitted to develope the intelligence, fitted also to purify the emotions; that is,

to detach from the emotions whatever is accident or alloy, and to afford them a field for

their clear and essential exercise. And this without loss of intensity—rather, to the

heightening of true power. Compare two passages in which a Greek poet and an English

poet, eminently not Greek, have made a husband and wife converse on a great distress.

Compare the parting of Hektor and Andromache in the Vlth Book of the Iliad with the

dialogue between Adam and Eve in the xth Book of Paradise Lost. No one would say,

I think, that the scene in the Iliad was less strenuous, less intense, less passionate, than

* For Kaeiara/xivovs, cf. Arist. Bhet. i. 11, where tjSop^ is

defined as Kij/T/o-Is ns rijs i/'ux'js "o' KarairTairis dffpaa Kal

ala-Brp-^ ek rrji/ inrapxovcrav ipvaiv— ' a settling down, sudden

and sensible, into our proper nature.'

f The aorist subjunctive, after Urav, iTuSav, iwai/, is to

be translated differently in two difierent cases:— (1) when

the leading verb is future, by onr future perfect : iTeiSdp

toCto tow, i\ei<roiJ,ai : when I sluill have seen this, I shall

come : (2) when the leading verb, being in the present

indicative, denotes a general truth, by our perfect: orav

TouTo iSu, aTipxoixar. when I hare seen this, I (always)

depart. Cf. Goodwin, Greek ilorxls and Tenses, p. 2G.
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the other. But the Kd0apa-i<; iraOTifidTcov is effected by the Greek as it surely is not by the

English, and why ? Because, in the Iliad, the type is not merged in the person ; because

cheerful repose, and generality or typical concentration, are so perfectly preserved in the

Greek*.

How is Ai'istotle's view of Music related to Plato's? Much has been said of the

' antagonism' between Aristotle and Plato as to music ; but I cannot help thinking that

the commentators have confused the thing by dwelling on trivial differences of detail. The

most definite utterance in Plato as to the general power of music is in the Republic

III. pp. 401, 402 : where he says, that musical training is so powerful ' because rhythm

and harmony find their way into the secret places of the soul, on which they mightily

fasten, bearing grace in their movements, and making his soul graceful who is rightly

educated, and his ungraceful who is ill-trained; and also, because he who has received

this true education of the inner being will most shrewdly perceive omissions or faults

in art or nature, and with a true taste, while he praises and rejoices over, and

receives into his soul the good, and becomes noble and good, he will justly blame and

hate the bad, now in the days of his youth, even before he is able to know the reason

of the thing; and when reason comes he will recognise and salute her as a friend with

whom his education has made him long familiar.'

That love for the beautiful which is engendered by Music is, for Plato, an intro-

duction to the more divine Eros for the Ideas. Here, then, we have a clue to the

essential difference, so far as there is one, between the Platonic and the Aristotelian view

of Music. Plato connects music rather with religion, Aristotle with art; Plato regards it

as a means of evoking, Aristotle of defining enthusiasm. Aristotle's remark that Plato is

wrong in allowing the Phrygian along with the Dorian mode, while he excludes that in-

strument, namely, the flute, which goes best with the enthusiastic music, seems to show a

certain insensibility to Plato's spirit"!". The flute is the instrument which, in Greek music,

marked the divergence of 7rd6o<; from ixa.9i)ai<; : the use of Music, according to Plato, was

to enlist a divine irddo'i in the service of a divine (Jid6r)cn<;.

There are phenomena of the present day which forcibly suggest the importance of

Aristotle's view regarding the universal moral importance of Music as an element in

education,—I mean the ecstatic movements, whatever special form they may take, and the

passion for excitement. What are these but instances of repressed, untrained, and therefore

ungovernable sensibilities taking the first opening that is offered to them ? Experiment

has shown what Music, when it is good enough, can do in educating such sensibilities.

There is one point, however, on which the modem world would differ from Aristotle—the

only important one. The principles of music now rest on a really scientific basis, not on

grounds fully possessed only by special experts, and merely touched by philosophers as part

of a wider domain. Again, the generalisations of aesthetic give critics who are not even

specially musicians a stand-point of their own. Aristotle's plea, therefore, that it is

necessary )(eipovpye2i> in order KpiTa<; twu epya>u elvai irrrovBaiow has no longer its Greek

validity. In all else, the modem world may still, perhaps, not scorn to hear the old.

• (i) P. L. z. 720—«i4, 914—93G: (U) Iliad, vi. 475—571. f Arist. Folit. v. (viii.) vi. § 9.
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I. Exercises in Curvilinear and Normal Co-ordinates. By the

Rev, James William Warrex, Caius College.

[Eeacl J/a>/ 7, 1877.]

EXERCISE THE FOURTH.

NoRJiAL Co-ordinates.

Let us suppo.se that the equations of three surfaces each contain such suitable

parameters that when these parameters change in value each of the three surfaces may
be made continuously to pass through all space. Clearly the Cartesian co-ordinates of

any point in space may be supposed to be expressed in terms of the equations of three

such surfaces.

Now imagine two distinct systems of three such surfaces, call one the system u^, «.^, n^,

and the second the system ZJ^, U^, U^, we shall denote functions of ?«,, w^, n^ and

similar functions of U^, U.^, U^ by the same letters, but we shall dash these letters

in the case of U^, L\, L\, thus we shall have such corresponding symbols as C„, C,,', &c.

It is clear that in general a surface of the system, u^ say, will not coincide with any

surface of the system U^, but we shall now suppose the surfaces u^, u.,, «g and

Z7,, U„, U^ to be such that one surface of the system u^ coincides with one surface

of the sj'stem ^7^, and this common surface we shall for the sake of conciseness call

the surface {U^ and Mj). We make the same hypothesis for the surfaces m.^ and L\,

u^ and U^, so that we have the surfaces {U^ and u.) and {U^ and i>^.

It is clear that in general U^^ is a function of u^, u.-,, v^, whilst it^ is a function

of U^, U^, and U^: the same remark is of course true for 'C„ and U^ and u^, v^; this

being the case we clearly have

du, ir^ cht, ,-.. clu, ,,^

d du^ d du, d du^ d

dU]^dU^ d^.^dU^ dli^„_'^7ll\ dlF^-

Vol. XII. Part III. 08
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Suppose now the surfaces ^t^ and L\ to take up the position (U^ and «J, then clearly

we have all over the surface (L\ and u^ both du^ = and dl\ = 0; therefore since the

relative value of the difierentials dU^ and dU^ are quite arbitrary, we clearly have all

over
(
U^ and uj both -jj^ = and -j* = 0, and hence clearly we hare at the point in space

where the three surfaces (f; and wj, {U^ and u^), {U^ and u^) intersect (which point

for shortness we may call the "common point"),

du.

dU,

du,

dii:

du^

dl\

du^

dU,
—- = —- = ^^^ = "^ = —i —

^=0 -^^'^=0 &c

j^^=0, &c.,

dU„
= 0,

d _ du^ d d _ ^"2 '^ ^ — '^"s ^
df/; ~ dl^. ^/ dU~ dU] dl^J W~ dU^ 5»3

(!)•

It is clear however that we have no reason for asserting that at the common point

,. 1 . . d'u, d'u, „ . - . .

any one 01 the nine quantities -rrji> rITT rifT '
^^'^ ^^™' '^ tact it is not true that

this is the case, and one of the first things we shall do is to express these nine quantities

as linear functions of the nine differential coefficients -r-^', ^r-" , &c-
aw

J
aWj

Tlie notation of this Exercise is the same as that used in my first three Exercises

;

with the following additions, we write

A.

(A^AJ
A.

i^n^U'
= A,

1 A3 A,



CURVILINEAR AND NORMAL CO-ORDINATES. 533

common point, i.e. A,, 2,, IT^j, &c., A are alwaijs supposed to be expressed in terms of

We shall also represent the three operating symbols ^-"^ -^ ,
^^ -j- ,

^^^ A,^ ° -^ di)^ du^ dn^ du^ ' dn^ du,
'

(supposed to operate always on functions expressed in terms of w,, «„, v^, never of n^, n^, n^)

by the symbols of abbreviation -r- , -t— , -,- ; these symbols, mind, are mere symbols of

abbreviation, and -wherever -we see one of them it is always supposed to be a mere

representative symbol for —J- -j— , &c. The object of this Exercise may be now clearly

stated, it is to determine if possible the thirUi quantities -^ , ', -5—*
— -^ , &c.,

^ ' dn^ dv^ dn^ dv^

—, ^;— as linear functions of the nine quantities -~' &c. ; and if we can find thirty
an, di>^

^ du^
'

such equations true at the "common point" it is tolerably clear that the general equa-

tions of normal co-ordinates can be immediately transformed into the general equations

of Curvilinear Co-ordmates, and that in both cases they are similar in form.

A few more matters with regard to notation only need to be explained ; we write,

for the sake of conciseness,

dC^
du^

da.
" au.

f^dC^, dC,

chi^ du^

da. da

A.^^-..(^t-t)^-^»(^S?-5)-"^"M

du du„
(2).

da,
' du,

da.
^ " U«. rf«3 du, I ^ " du, ^ '' d- " ^' ^'^-- ^

^' \du.-, dit.
-.u.„^j.../^-...,,.j
du. du.

dii^

du„

.(3),

Twelve more equations exist similar to (2) and (3), and of course wo have eighteen

similar equations dashed. Lastly let us write

du, = P,,.dn^ + P„_,.dn^ + P^.dn\ (4);

du^ = P3, . dn^ + P3, . dn„ + P33 . dn^

we have, by what was already stated, at the "common pioint" P,, = 0, P,, = 0, P^ = 0.,

P^j = 0, Pj, = 0, Pg, = 0, and it only requires a little consideration to see that we also

have at the common point

68—2
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P^^-^J\ (5).

Observe also that the ten quantities A,, 2^, TI^, &c., A are all functions of angles.

Our system of notation being thus all clearly explained, I now go on to the direct

object of this exercise. I divide what follows into sections for the sake of clearness;

and our first section will have for its object the problem to express the nine quantities

-J—I, -f—j^
> &c. linearly in terms of the nine quantities -5-^, —j-^

, &c., where, as already

explained, —,— , &c. are mere abbreviations.

dn^^' dn.dn,'^''-
'^'''^

dv,' dv,.'
^'

V being any function of !/,, «,, w^, and therefore of n^, n^, 11^, we in "Exercise the

first" have defined the letters A^^, A^^, &c., or A^^', A^.^', &c., thus

fdlW fdVV fdV\' , (dV\ „, dV dV „

hence we clearly must have

"\duj ^du^ du^ \dnj ^ dn^ dn^ ^
'

In Equation (6) write V equal to ?<,, or u„, or v^, and we immediately obtain three

equations, one of which is

"..
=
©-Oh &J '

'^'k S: ' ''t 'k
'

'-''k t:-<'>^

differentiate now both sides of the equation (7) in succession with regard to «, , «,

,

and W3, we easily obtain

dii^ dn^ "
" di\ dn^ ' ' dn, dn^

'

dA„ „M,.\-i dV

du^ ~\AJ ' dn^dn/
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dn.

We can clearly therefore write down tlie following nine equations

I,' 2\du, ^„ du^ A,^ duj '

duj

d_A,

A,, du. A,, du.,

dn^' 2 I du,

d^
dn'

A^dA^_A^„dAJ.
'

A,„ du, A„

\[dA,
2

I
du.

Ai 4^33
.

-^32 ^^^33

dn^ dn.

A
dn.

1 fA

2\A

,dK 2 \AJ

d\i. 1 fAj^

dK
du^

dA^

du,

A'
dn

d\i,

\dn, 2\Aj

. = l(M'
dn.dn. 2\A,

'ndn, 2\Ajdn^dn^ 2 \A

Thus we have accomplished the object of this article.

T now proceed to article the second.

d'U

dA^

du^

dA„

du..

.(S).

II.

dA,
dn.

dA
dv.

d_A

dn.
i—^ ) , &c. linearly in terms of —^\ &c.\ .

,
dvj dv, ]

Let us in equation (G) write V equal to u, - X . v,^ where \ is any indeterminate,

then equate the coefficients of X on both sides, we instantly obtain

_ dn,, du^ du^ dii^ du^ du^

^^ ~ dn dn dn„ dn dn dn

-.{
du^ cZw, du„ dn,

dn„ dn. dn, dn.

''{dn. dn, dn.

If, duX
n, dnj

.(9).
. \du„ du^ du„ du^

' \dn.^ dn, dn, dn,^

Now differentiate both sides of this equation (9) in succession with regard to »,

,

n.^ and n^ , and then suppose that we are at the " common point," we clearly obtain

du, dA^^du^ du^dA,A.j ^ Jl1»^ + ^ —' ^X
^

dn, du, dn^dn^dn, ' dn.^ dn,dn^ 'dn^dn,dn/
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or substituting from system (8), i

dn, \A,,aJ du, A,,A,,\2\ ^33 ; du, ^ )>{ A,, ) -d^] '

therefore clearly we have

i = ^ ^^l-As^l
dn.

or finally,
dA^ ^dJ^
dn^ dvj

We also clearly have

du^dA^^du^dji^dA^ du^ _d\_ J du^ Jhi^
dn, du^ dii^dn^ dn^ dn^ ' dn^dn^

"*"
^ dn^ dnjn^

. {du^ d\ du_^ d\\
'\dn^ dn„_dnjdn^dn^^]'

or substituting from system (8),

dA_J_dA^_Aj- dA^_ A,, dA^
dn, AJ dn, 2A^_ du^ 2A^ . AJ du,

A„ f^„ dA
2^22 • ^33 1^33

(A. ^ , . i (dK_A,dA^_4ii ^AA\
\Aj du, '^^^'[du, A^_ da, A^ dujl'

and this clearly may be written in the form

d^! " "*"*
dH, {(Zj W "^

2A M i P""^"
~ ^''^'^ if'^'^^"' ~ "^'^^^'^ if\ '

* ^V 22 33/ ^ *^ 22 S3 ^ ^ 3 '

but by the formulae given in Exercise the first,

(A A -A A )- 9iL - ^" • ^« • ^»^ • ^" - ^» • ^33- • ^n "3 .

\ 12 -"23 -'^31-"22>~ IJi ~ J» ~ At >

so that clearly we may write

dA^d\ 1 f d^,, _ ^^ dA,^\

dn, dv.^ ^ 2 . A\ A^ 1"" du^
-"'•

di', j

•
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Hence by symmetry we may obviously write down the nine formulae

dn^ dv^
'

dA,^d_X^

dn^ dv^
'

dA^_d\

537

dn, dv,
'

dA,_d\ 1

dn " dv„ ^ ^A^ . A„

dA^ _ d\

dA„

dv.

dn, dvj2A\A,,-\

dA^^dA 1

dn, dv,'^2A\A,,

dA^^dA 1

dn, dv,2A\A,,

dA. cZA, 1
- =— +

:

In ^=^-2S
t

" dv, '

dp.

n.
d^

22,
^4,
til'.

dn, dv, ^ 2A' . A^

dA, dA, I

dn dv„ 2A^ . A,

.(10).

We have thus accomplished the object ^^roposed in the second section, and accord-

ingly go on to third section.

III.

{{§,
- §) ' ® - 7^:') •

^'- ^''''^'^^ ^" '^™^ °^^ ' ^'-l

The oiDcrating symbols -5

—

t— and

are clearly equivalent. Hence it is easy to deduce that at the common point the

following operational formulae are true.

cf

dn, dn^

cP . f^ d'u, d

_M A ^i ^'
I

'^'"^ A + Jl^^-A
^ '' ""' du, du^ dn, dn^ ' du, dn, dn^ du,^

.(12).
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Operate with these symbols on the Cartesian co-ordinates of a point and substitute in

such expressions as

dx d'x dy dy dz d'z

dn^ dn^ dii^ dn^ dn^ dn^'

dx drx dii d^i/ dz d'z

dn^ di\ dn^ dn^ dn^ dn^ dn^ dn^ d)\
'

we easily thus deduce the four following typical equations

:

f^^^^i^ +AM^fh (13).
dn^ 2 c/Mj dn^-

^^^-A A ^ l^-^+A ^[C -^^ + C ~"--\ rial

cJP,^__^_r^P,3=
^,^^^^,^j^..(^ + fl3_'^,)^^^^^^^ (16).

\ dn^ dn.^ dn^ ^ " " ''^ \du^ dii.^ duj [ '-dti^dn^ '^dn,,d>i^]

Now first let us consider formula (13). Suppose that w-e substitute in it for -j~-\ from

the group of formula3 (8), we clearly obtain

dn^ 2 \''du,''du^ ^„ du^ A^^ duj'

which clearly may be written in the form

^=f:-%Wt^^-*:} <>^'-

Again, let us consider the formula (1-5) and substitute from the grouj) of fornuila? (8),

we clearly obtain

dn, 2 " dv„
"^

2 " (/,',
^ 2AJ dv^

'

so that clearly we have

^^ = .^ + -5- ^ (IS),
rfwj dj/, 2A^ d.v^

Again, from the formula (IG) and its analogues we can easily deduce the result

d>K
-^^--^-^-^^^^

diu

+ A ^Ic -^"' +C -^» \ + A ^ic ^"' +C -^^1-
+ ^»

t
- d>K,dn, + ^" dvjnj + ^- 1^" dn^dn, + ^^ dn^d»J

'

nd making use of formula (8) as in previous two cases wc easily obtain the result

, ^=^-^K^^"»ti ™-
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Lastly, suppose that we take the sum of formula; (14) and (lo), wo then clearly obtain

^=4 A i ^y^^ + A r '^"^4- A ir '^"^ 4-/1 ^(^ ^"'
rf«f " "dn^dn^ -' "dn^dn^

hence substituting from the gi'oup of formulte (8) we clearly obtain that

A? ^n _ ^J^^z dA
dn. dv.

(^u-^J^-"f'=+C..^U
If. idA,

'^•'2l^'" du^

hence clearly we obtain that

dn, dv.

+

1

o..mm-'-m'
dA. dA,

4- —— -' ('22 - A n "1 " - A n -^-"
^2A.. r^' » '^ dp„ ^ " df.

•(20).

It is clear that the group of formula of which (17). ..(20) form a part are eighteen

in number; it is perhaps needless to write them all down, but I shall give six for the

sake of reference, and the others can be formed by a cyclic change of sufSxes.

A ^>'
d,'

+K d_A^

dv„

dn„ dv„ 2A.,

1

+ 2

rfn, dv^ 2A^

dP„, dU

n

n.,

dA„
'^' dv[

dA„,

]

dv.

dA
d,-

+ ''"• cZr„

^3 = ^n^3 + _L.I

^-^^=3
, J_ 1(2^ _An ) ^^-An ^^

.(21).

There are six more formulaj similar to the first three, and six similar to the last three,

which the reader can easily write down.

If we examine the groups of formula? (10) and (21), we find that they are governed

by a series of remarkable symmetrical laws; firsthj, none of the three differential co-

efficients
*—^' • —- • —— enter our formulae ; secondhj, whatever suffix appears in the n
du^ ' du^ flMj

that we differentiate with, the same double suffix enters the A, i.e. n^ and J„ are

associated, but w, and A^ are never associated ; tliirdhj, J„ A^ and A^^ enter in a

logarithmic form. Other laws may also strike the reader. I now proceed to the fourtli

section.

Vol. XII. Part III.
G9
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IV.

\(— ^1 &c. linearly iu terms of -J-^' &c.
\\dn^ dvj ^

di'.^

B we have defined in " Exercise the first," A we have defined in this Exercise, the

relation between A and B is shortly stated by the formula

A':=A,,.A,,.A,,.B"- (22),

B' is the B of normal co-ordinates, at the "common point" we have of course A=B'.

Now it is clear from the definitions of A and B that we have

-^=P,3 . dA, + P,, . dA.^ + P,, . dA,]

(23).

Now the ditferentiation may be performed with regard to n^, or n^, or n^; take for example

Kj, then by substitution from the group of formula (10) we easily obtain that

\ dE ^ \ dA
^

n,3 (^ dA^^ ^^ d_AJ^

B dn^ A dv, ' •lA'.A^^-] '' dv.

But ^,3^„3-2S3.^., = .4^A3,

^.,^,3-2S,.^.3=-l^A,;

hence clearly we may write down the three formulae,

dB_d^_J^ f dA^ dA^
dv^

~
dv, 2J„ 1 ' dv^ ^ dvJ

dB^_dA^__A_ f <l^.,,. f^-JJ

dn.^-dv, 2A„ T' dp,^ ^' di'J

dn~dv, 2^33 V' dv, ^ Ulv,)j

(24).

The reader will observe that the three symmetrical laws mentioned at close of section iii.

hold also for these last three formulsB. I now proceed to the fifth section.

V.

{Connection between (A",;)', &c., (7^,,), &c., (/c„), &c.}

Wo have already defined (KJ, &c. and (A'„),, the only difference between them

beiim that the former has reference to normal co-ordinates, the latter to general
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curvilinear co-ordinates. It remains to define («„), &c. We do so thus : let (/c„), &c. be the

name function of AjA^Aj, S^S^Sj, njglTjjTT,,, and A, that (A"„), &c. is of A^A„A^, S^S^S^,

p^p,,p,„ and B ; ;.

Now let us make use first of the four typical formula? (13) (14) (15) and (IG),

and next of the group of formulae (21) ; substituting the values in formulie (2) and (3)

we easil}' obtain the following group of formulas

:

•^33'

(^3V=^.^-(^3)3+-n-rf
3_

(25).

There are twelve more similar formulae.

We also have eighteen formulae connecting (i^J/ &c., and («„), &c., but as we

shall make in this exercise no use of these last formula it is hardly needful to write

them down. Consider now for a moment the group of formulae (25); we can clearly

deduce from them the following two important equations

:

{(A-J/- (^'u)3- (^'J3} = (^^)((^J3=- (^n)3 (^J3l (26),

Formula 26 shows us that the formula "^ = -;^7^ P^g^ ^1^' "Exercise the third", being

proved to be true by normal co-ordinates must be time in general, and formula (27)

enables us to derive last example given in "Exercise the third" from the corresponding

equation proved for normal co-ordinates. I now proceed with the sixth section.

G9—

2
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VI.

[ dnydn^dn, dn^) ^"^»»
I, 2 du^ du^du^ 2 du,') '

expressed in terms of —- - CCC.
dn,^ dn,dn„

d^u.
In order to make our formuloe as concise as possible we use here -r-' &c., in place of

dA
-y^ &c.; the group of formula (8) however give us the former nine quantities as linear

functions of the last nine.

Write for conciseness the quantities in brackets in first line of this section equal

to m^ and m^ respectively. It has been mentioned in the previous Exercises that

m.
d^x d'x d/y d^y drz d'z^ d^^^d^^ • d^^'^dii^ die'

_ (J^x _ (
<'/ Y _ (j^x

\dn^dnj \dn^dnj \dn^dnj

Hence substituting the values of -j—^ &c., found by means of formulas (11) and (12),

we easily obtain that

_«ra rfP„_d^,^ f_l ^ ^C„ 1 ^-cj 1

dn^' dn^dn^ dn,' " «[ 2 du^ du^du^ 2 du;-]

"U«, 2 duJ-dn^''^^^[du'^-2 duJ-diT^

-(A A )''^^" — • (A A )i'^^''
"^'''-^

^'''''^''^
du,-dn^dn^ ^^^'^^^ ITu^-dnJii^

" \d»,dnj ^ "-'^
U",' d»,' ^ dn^dn] ' dn^dnj ~ ^^ \dn^dn.)

We now use this same method to transform the quantity

.(28).

1
J2

cf>sr. _^cfP. ^P., <fP.,

2 ( dnjln^ dn* dn^dn^ dn^dnj

'

This quantity for conciseness we shall represent by the letter l\. We then have, as already

stated in " Exercise the second,"

i:=
d'x d'x d'i/_ (Pn d'z d'z

• dn^dn^ ' dn^dn^ dn^dn^ dn^dn, dn^dn^ ' dn^dn^'

_ (Px JPx_ _ d^ jpij _ d^z d'z

dn' dn^dn, dn' dn/hi^ dn^ dn^dii^'
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Now make use of formulaj (11) auJ (12). Wo easily find by mere substitution tliat

is equal to

l[o d^S, ^d'P^_^ ^P„ cfP,„]

2( dn.^dn^ dn^ dn^dn^ d\dn^l

K-iKA^i- { <^G,, ^ cFC,, drC,, d'C„
\

[du^du^ du^ du^du.
^

^

{A^,AJ^ d:u, dC\,

2 [dn^dn^' du

duj^duj

fj dn^dn^ \ du^ du^ du^ J]

+ 2

[J^.^dC^^^^Jru, (dO,,^dC,,_dG,
dn^dn.^' du^ dn^dn^\du.^ du^ du^2

2 [dn;\du^'^ diK duj\

-A,
" Idn^dn^

+ a
^'"

" dn^dn,^ da^dn^

„ \ dSi, d'u, d'u, d'u.

ldC,,\ d'u, fdC,,

2 du^ J dn./in^ \ du^
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First, consider the formulae on top of page 497, Exercise the second. It consists of

four distinct portions, so to speak, and bearing in mind that for orthogonal co-ordinates

we must have 22, = 1, 22, = 1, 223 = 1, n„3 = 0, n,3=0, n,„=0, A = l, a little considera-

tion shows that the last three of these portions in the case of orthogonal co-ordinates

are zero, there remains therefore only the first line, i.e. l^ transformed, or in fact, our

Equation 29. Let us write then in Equation 29,

(7,3 = 0, (7.3 = 0, C,, = 0,

dn^dn, 2\Aj * du, 2 . 6'„ ' du,
'

d\ _(AuA^
_
^n_

dn^dn^ ^ • Cj, ' du.^

d\ (AsA.)^ dC^,

dn^dii^ 2.(7^ * du^
'

d\ ^ _iA^Asl
. ^3.

dn^dn^ 2.(733 ' du^

Now substitute these values in equation 29, multiply by 2, divide by A^^ . (A^,.A^)^-;

we then obtain

du.du^ 2(7,, du, du^ 2(7,, du^ du, 2C,, du^ du,~ ^ "^

'

and this is the same as the second equation given on page 499 "Exercise the second."

Lastly, we give a short sketch of how we are to transform the equation on top

of page 498, Exercise the second. It also consists of four portions or lines ; the first

line gives us, by aid of formula (28) after dividing by Aj^A„„ and multiplying by 2,

_^!^_^- +-L_^i^+J_^ ^.
du^ du^ 2(7^ dwj du^ 20^ du^ dn^

2G,XduJ •2L\XduJ W,

the second line, that Is to say A, contributes the terms

_ 1 f^^n dO„ dC„ dC,, dC,, dC^
.

16<7„C^C3,ld(t, "d«3
"*"

d»; du^'^'du^ duj ^'^'•

the third line it is easily seen by aid of formula (24) can contribute no terms.

And lastly, by aid of formula (10) it is easy to see that the fourth or determinant

portion contributes the terms

+ i6C7„C7,C33

1 \dO^ dO. ^ dC,, dC^_^dC,, dOJ
.Cn^zAdu, dti^ du, (/«. du, dtij
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Now divide (/3) and (7) by A^^A.,,, multiply them by 2, add tliem to (a), and

we obtain

1 d(7„ (^0,j_Q ..^^.

2^33 tZitj rfM_

and this agrees with the first equation of page 499 " Exercise the second."

March, 1S77.





II. On Boltzmaim s Theorem on the average distribution of energy in a system

of material points. By Professor J. Clerk Maxwell.

[Read May 6, 18'8.]

Dr LUDWIG BoLTZMANN, in his "Studien iiber das Gleiohgewicht der lebendigen Kraft

zwischen bewegten materiellen Punkten" [Sitzb. d. k. Akad. Wien, Bd. Lviii., 8 Oct.

1868], has devoted his third section to the general solution of the problem of the equi-

librium of kinetic energy among a finite number of material points. His method of

treatment is ingenious, and, as far as I can see, satisfactory, but I think that a problem

of such primary importance in molecular science ought to be scrutinized and examined

on every side, so that as many persons as possible may be enabled to follow the demon-

stration, and to know on what assumptions it rests. This is more especially necessarj-

when the assumptions relate to the degree of irregularity to be expected in the motion

of a system whose motion is not completely known.

Mr H, W. Watson, in his Treatise on the Kinetic Theory of Gases*, has developed

with great clearness the steps of the investigation of the distribution of energy among

a set of particles which are supposed to act on each other only at very small distances.

The particles may be acted on by external forces such as gravity, but it is expressly

stipulated that the time during which a particle is encountering other particles is very

small compared with the time during which there is no sensible action between it and

other particles; and also that the time during which a particle is simultaneously within

the distance of molecular action of more than one other particle may be neglected.

Now this method of treating the question, however necessary it may be in the

subsequent investigation of the processes of dififusion, &c. in gases, is inapplicable to the

theory of the equilibrium of temperature in liquids and solids, for in these bodies the

particles are never free from the action of neighbouring particles. It is true that in

following the steps of the investigation, as given either by Boltzmann or by Watson,

it is difficult, if not impossible, to see where the stipulation about the shortness and

the isolation of the encounters is made use of. We may almost say that it is intro-

duced rather for the sake of enabling the reader to form a more definite mental image

* Clarendon Press Series, 1876.
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of the material system than as a condition of the demonstration. Be this as it may,

the presence of such a stipulation in the enunciation of the problem cannot ia.il to leave

in the mind of the reader the impression of a corresponding limitation in the generality

of the solution.

In the theorem of Boltzmann which we have now to consider there is no such

limitation. The material points may act on each other at all distances, and according

to any law which is consistent with the conservation of energy, and they may also be

acted on by any forces external to the system provided these also are consistent with

that law.

The only assumption which is necessary for the direct proof is that the system, if

left to itself in its actual state of motion, will, sooner or later, pass through every

phase which is consistent with the equation of energy.

Now it is manifest that there are cases in which this does not take jjlace. The

motion of a system not acted on by external forces satisfies six equations besides the

equation of energy, so that the system cannot pass through those phases, which, though

they satisfy the equation of energy, do not also satisfy these six equations.

Again, there may be particular laws of force, as for instance that according to which

t-Iie stress between two particles is proportional to the distance between them, for which

the whole motion repeats itself after a finite time. In such cases a particular value nf

line variable corresponds to a particular value of each of the other variables, so tliat

phases formed by sets of values of the variables which do not correspond cannot occur,

though they may satisfy the seven general equations.

But if we suppose that the material particles, or some of them, occasionally encounter

a fixed obstacle such as the sides of a vessel containing the particles, then, except for

special forms of the surface of this obstacle, each encounter will introduce a disturbanct;

into the motion of the system, so that it will pass from one undisturbed path into

another. The two paths must both satisfy the equation of energy, and they must inter-

sect each other in the phase for which the conditions of encounter with the fixeil

obstacle are satisfied, but they are not subject to the equations of momentum. It is

difficult in a case of such extreme complexity to arrive at a thoroughly satisfactory con-

clusion, but we may with considerable confidence assert that except for particular forms

of the surface of the fixed obstacle, the system will sooner or later, after a sufficient

number of encounters, pass through every phase consistent with the equation of energy.

I shall begin with the case in which the system is supposed to be contained within

H fixed vessel, and shall afterwards con.sider the case of a free system, or of a system

contained in a vessel rotating uniformly about an axis which itself moves uniformly in

a straight line.

I liave found it convenient, inst€ad of considering one system of material particles,

to consider a large number of .systems similar to each other in all respects except in

tiie initial circumstances of the motion, whicli are supposed to vary from system to systt-in,

the total energy being the same in all. In the statistical investigation of the motion,
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we confine our attention to the number of these systems wliich at a given time are

in a phase such that the variables which define it lie within given limits.

If the number of systems which are in a given phase (defined with respect to con-

figuration and velocity) does not vary with the time, the distribution of the systems is

said to be steady.

It is shown that if the distribution is steady, a certain function of the variables

must be constant for all phases belonging to the same path. If the path passes through

all phases consistent with the equation of energy, this function must bo constant

for all such phases. If however there are phases consistent with the equation of energj%

but which do not belong to the same path, the value of the function may be different

for sucli phases.

But whether we are able or not to prove that the constancy of this fimction i.'*

a necessary condition of a steady distribution, it is manifest that if the function is initially

constant for all phases consistent with the equation of energy, it will remain so during

the motion. This therefore is one solution, if not the only solution, of the problem of

a steady distribution.

Now we know from the empirical laws of the diffusion of heat that the problem

of the equilibrium of temperature in an isolated material system has one and only one

solution. But we have found one solution of the problem of equilibrium of energy in

a system of material points in motion. If, therefore, the real material system in which

the equilibrium of temperature takes place is capable of being accurately represented

by a system of material points (as defined in pure dynamics) acting on each other according

to determinate, though unknown, laws, then the mathematical condition of the equi-

librium of energy must be the dynamical representative of the physical condition of the

equality of temperature.

It appears from the theorem that in the ultimate state of the system the average

kinetic energy of two given portions of the system must be in the ratio of the number

of degrees of freedom of those portions. This, therefore, must be the condition of the

equality of temperature of the two portions of the system.

Hence at a given temperature the total kinetic energy of a material system must

be the product of the number of degrees of freedom of that system into a constant

which is the same for all substances at that temperature, being in fact the temperature

on the thermodynamic scale multiplied by an absolute constant.

If the temperature, therefore, is raised by unity, the kinetic energy is increased by

the product of the number of degrees of freedom into the absolute constant.

The observed specific heat of the body, expressed in dynamical measure, is the in-

crement of the total energy when the temperature is increased by unity. The observed

specific heat cannot therefore be less than the product of the number of degrees of

70—2
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freedom into the absolute constant, unless the potential energy diminishes as the tem-

perature rises.

Dynamical Specification of the motion.

We shall begin by supposing the material system to be of the most genenal typej

having its configuration determined by the n variables q^, q^---q^, and its motion deter-

mined by the corresponding momenta p^, Pi---p„- The state of the system at any instant

is completely defined if we know the values of these 2/1 variables for that instant.

We shall suppose the forces acting between the parts of the system to be of tlie

most general kind consistent with the conservation of energy. This may be expressed

by defining F, the potential energy of the system, as a function of q^.--q„, the variables

which define the configuration.

The kinetic energy of the system is denoted by T. We shall suppose it to be

expressed in terms of the q's and p's as in Hamilton's method. The total energy is

denoted by

E=V+T (1),

and is a constant during the motion of the system.

Hamilton's equations of motion for this system are

dq,_dE ,^,

dt dp,
^~''

dpr^_dE
^jj^^

dt dq,

where q, and p, are the co-ordinate and the momentum corresponding to each other.

Let us now consider a finite motion of the system. Let the initial co-ordinates and

momenta be distinguished by accented letters, and the final co-ordinates and momenta

by the same letters unaccented.

To define completely such a motion requires 2n + l variables to be given. These

may be the n initial co-ordinates, the n initial momenta, and the time occupied by the

motion.

There is another method however in which the 2ii + 1 variables are the n initial

co-ordinates, the n final co-ordinates, and the total energy. When these quantities are

given there are in general only a finite number of possible motions.
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Definition of the " Action " of the system during the motion.

Twice the time integial of the kinetic energy, taken from the beginning to the

end of the motion, and expressed in terms of the initial and final co-ordinates and of

the total energy, is called the "Action" of the system during the motion. If we denote

it by A,

A=J2Tdt (4),

and is expressed as a function of 2,'-.-2/, ?, •••?„, and E.

It is shewn in treatises on dynamics* that

dA

dA_

dq,

dPr

and

Hence

=Pr-

d'A

dqjdq^

dp,

dq.r

•(5),

.(G).

•(7).

The indices r and s in this equation may be the same or different.

Also if i and t are the values of the time at the beginning and at the end of the

motion,

(S).dE^ *•

Hence
dp^r d£_ ^ dp; dt^

dE- dq^^^
^""^ dE- dqi

.(10).

In the course of our investigation we shall have to compare the product of the

differentials of the co-ordinates and momenta at the beginning of the motion with the

corresponding product at the end of the motion. We shall write for brevity ds = dq^... dq^

for the product of the differentials of the co-ordinates, and da = dp, . . . dp^ for the product

of the differentials of the momenta, and we shall use the product ds'dsdE as a middle

term in comparing ds'da'dt' with dsdadt.

,(dpi dp:d£\
-[dq, dq^dEJ

fdpi dp: dn
dq„dE)

denotes the functional determinant

dp^ dp^ dp^

d^/ df^' 'dE

Now

where

ds'da'dt' = ds'dsdE '. (11).

- -W

dpj

dq,'

di_

dq,'

dpj

dq„'

d^
'dq^'

dPn'

dE

di_

dE

(12).

* Thomson and Tail's Natural Philosophy, § 330.
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Substituting for the elements of this determinant their values as given by equations

(7), (9), and (10) it becomes

dp^ dp,, dt

dqr"
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The left-hand members of these equations have been proved equal, and in tlie right-

hand members dE is the same at the beginning and end of the motion. Dividing out dE

we find

dq^ dq^dp; dp^^, = dq^ dqjp, dp r- (21).

This equation is applicable to the case in which the total energy is supposed not to

vary from one particular instance of the motion to another, and in which, therefore, the

'2n variables are no longer independent, but, being subject to the equation of energy, are

reduced to 2/; — 1.

Statistical Specification.

We have hitherto, in speaking of a. phase of the motion of the system, supposed it

to be defined by the values of the n co-ordinates and the n momenta. We shall call the

phase so defined the phase {pq). We shall now adopt a wider definition by saying that

the system is in the phase {aj}) whenever the values of the co-ordinates are such that y,

is between h^ and h^ + dh^, q^ between h^ and h„-\-dh^, and so on; also p„ between a, and

u, + da^, and so on. The limits of the first component of momentum, p^, are not specified,

because the value of p^ is not independent of the other variables, being given in terms of

E and the other 2n - 1 variables in -v-irtue of the equation of energy.

The quantities a, b are of the same kind as p and q respectively, only they are not

supposed to vary on account of the motion of the system. In the statistical method of

investigation, we do not follow the system during its motion, but we fix our attention on a

particular phase, and ascertain whether the system is in that phase or not, and also when

it enters the phase and when it leaves it.

Boltzmann defines the probability of the system being in the phase (0,6) as the ratio

of the acroTeo-ate time during which it is in that phase to the whole time of the motion,

the whole time being supposed to be very great. I prefer to suppose that there are a

great many systems the properties of which are the same, and that each of these is set in

motion with a different set of values for the ?i co-ordinates and the n — 1 momenta, the

value of the total energy E being the same in all, and to consider the number of these

systems which, at a given instant, are in the phase {aj>). The motion of each system is of

course independent of the other systems.

Let X be the whole number of systems, and let the number of these which, at the-

time t, are in the phase (afi) be denoted by K {a^, b, t). The aim of the statistical metlio.l

is to express Nia^, b, t) as a function of N, of the co-ordinates and momenta with their

limits, and of t. It is manifest that N can only enter the function as a factor, for the

different svstems do not act on each other. Also any differential as da or db can only
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enter as a factor, for the number of systems within any phase must vary in the ratio of

the interval between the limits of that phase. We may therefore write

K(afit)=Nf(a„ a„, 6,, b„, t) da.^ daj\ d6„ (22),

where we have to determine the form of the function f.

We shall now follow the motion of these systems from the time t', when we begin to

watch the motion, to the time t when we cease to watch it.

Since the systems which at the time t form the group i\'(a,, h, t) are individually

the same systems which at the time t' formed the group i\'(a,', h', t'), we have

N{a„ b, t) = N{a', b', t') (23),

•^r ^/{a, t)da, db„ = Nf{a; t')da;, d6„' (24).

But by equation (21)

da, db„{hy = da; dh:(b:r (25).

Hence /(a, t)b,=f{a^ t')b,' = C (26),

where C is a constant for all phases of the same motion, and we may write

/(«= t) = C{br (27).

and N{a„ b, t)=NC(hX'da^ db„ (28).

If the distribution of the X systems in the different phases is such that the number

in a given phase does not vary with the time, the distribution is said to be steady. The

condition of this is that C must be constant for all phases belonging to the same path. It

will require further investigation to determine whether or not this path necessarily includes

all phases consistent with the equation of energy.

If, however, we assume that the original distribution of the systems according to the

different phases is such that C is constant for all phases consistent with the equation of

energy, and zero for all phases which that equation shows to be impo.ssible, then the law

of distribution will not change with the time, and C will be an absolute constant.

We have therefore found one solution of the problem of finding a steady distribution.

Whether there may be other solutions remains to be investigated.

Let N{f>) denote the number of systems in which q^ is between 5, and \ + db^,

f]„ between 6, and h, + db,, and so on, and q^ between b„ and b + db^, the momenta

not being specified otherwise than by their being consistent witii tlie ci[uati(m of energy*

tlien

N{h)=j ...JNia„b)da,...da. (29),
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the integration being extended to all values of the momenta consistent with the equation

of energy.

To simplify the integration let us suppose the variables transformed so that the

kinetic energy is expressed in terms of the squares of the component momenta,

^=i(M,«x' + /^.< + -+M»0 (30),

where o,...cf„ are the transformed momenta, and fj,^.../i^ are functions of the co-ordinates,

which we may call moments of mobility, and which, in the case of material points, are

the reciprocals of the masses.

Now let us assume

^f.^A: = T =E-V. (31),

/-„-.^„-; = /^„(A^-0 (32),

M„-,^.J=-^„-(^„-.' -«.-.') (33).

/.,^/ =M3(^3'-0 (34).

Then by the equation of energy

^^a,' = f.,(A*-a,^ (35).

Of these quantities, A„ is a function of the co-ordinates only, because E is given and

F is a function of the co-ordinates, -d,,., is a function of the co-ordinates and a., A^_^

of the co-ordinates and of a„ and a„_j, and so on.

Also by equation (2)

i dT

= (/x.^,)J(^/-a/)i (36).

To integrate the expression

jjj...fc{brda.,...da^,

we begin by integrating with respect to a.^, thus

jC{bJ-'da,=jci,.,^L,)-i{A:-a,')-ida, (37),

the limits of integration being ±A^. The result is

?-(il^^C(M.M.)-*^' (38).

Vol. XII. Part III. 71
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For the next iutegration we have

f(^,J/Ja3=f%,(^3^-a/)Va3=^^^3« (39).

Hence after r integrations, r being any number less than n, the result is

.(41).

Putting r = n — l and remembering that a A ^ = 2E—2V, we find

N{b) = NC^.£^0.^fi,..,^j'-[2E-2V]"'^d\...db

This is the number of systems whose configuration is specified by the variables

6, ...6„, while the momenta may have any values consistent with the equation of energy.

The quantity E— V, which occurs in this equation, is, by equation (1), equal in

magnitude to T, the kinetic energy of the system. The quantity T, however, is defined

explicitly in terms of the velocities or the momenta of the system, whereas E— V does

not involve these quantities explicitly, but is expressed as a function of the configura-

tion.

We shall find it convenient, however, especially in the study of more complicated

problems, to remember that the number of systems in a given configuration is a function

of the kinetic energy corresponding to that configuration.

form,

If the kinetic energy is not expressed as a sum of squares, but in the more general

r = J[ll]o.= +[12](T,a, + &c.

+ »[--]a/ + [23]a„a3+&c (42),

where the quantities denoted by [11] &c. are functions of the co-ordinates, which we
may call the moments and products of mobility of the system; then since the discrimi-

nant

["]> [12], [In]

t^^J' ^'^''- f^«]
.(43)

[»1], [n-2l [nn]

19 an invariant, its value is the same when T is reduced to a sum of squares, iu

which case all the elements except those in the principal diagonal of the determinant

vanish, and we have

A=/^,^,...;/. (44),
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and we may write the value of ^(b),

N{b)=^X'^^^-!^^-i{2E-2V) 2 db^...db„

©
.(45).

If the system consists of n material particles, whose masses are m, ...»n„-, then the

number of degrees of freedom is »i = 3w' and

Mi=M.2 = /i3 = '"i"'' /^4=/^5 = /^G="'r' and so on (46).

Hence in this case we may write

N{b)=NC'LJ^^m,...m„)i[2E-2V] "^ db,...db,^ (47).

r(f)

These expressions give the number of systems in a given configuration only when
E— V is positive for that configuration, for since the kinetic energy is necessarily posi-

tive, the potential energy cannot exceed the total energy. For configurations specified

in such a way that if they existed V would be greater than E, the value of J^{b)

is zero.

The value of S' (b) is also zero for configurations which, though they make V less

than E, cannot be reached by a continuous path from the original configuration without

passing^ through configurations which make V greater than E.

We shall return to this expression for the number of systems in a completely

specified configuration, but in the mean time it will be useful to consider how many
of these systems have one of their momenta, p_,, between given limits. In this way
we shall be able to determine completely the average distribution of momentum among
the variables without making any assumptions about the nature of the system which

might limit the generality of our results.

In order to find the number of systems in the configuration (b) for which one of,

the momenta, say p^, lies between a„ and «„ + da^, we must stop before the last inte-

gration. Putting r = n — 2 in equation (40)

N{h,a„) = XC ll (ya. . .
.
M.-.)-^(/^„-.^„-.') - dajb^...db„ (48).

(^)
The whole number of systems in configuration (b) is given by (45). Hence the

proportion of these systems for which a„ lies between a„ and «„ + da^ is

^ ^^-^^--^"-"^%
„^^„ ^^^^_

Xi)r(^) [E-vfr

71—2
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If we write

iM„«,' = *, (50),

then k^ denotes the part of the kinetic energy arising from the momentum a„. The

proportion of the systems in configuration (b) for which k„ is between k^ and k^ + dk„ is

. .
^'-''-':':

K^^K (51).

r(i)r(^') [E-vr

Since any one of the variables may be taken for q^, the law of distribution of

values of the kinetic energy is the same for all the variables. The mean value of the

kinetic energy corresponding to any variable is

K = -{E-r) = -T (52).

The maximum value is T=nK (53).

The mean value of k' is

1.3...2r-l

n . w + 2 . . . n 4- 2r
,n'A" (54).

2 « -^ 9r — -2 ^ '

When n is very large, the expression (51) approximates to

_1
ir'^'^ ^'')-

Recapitulation.

The result of our investigation may therefore be stated as follows

:

(a) We begin by considering a set of material systems which satisfy the general

equations of dynamics (2) and (.3), and the equation of energy (1). If in these systems

the distribution of configurations satisfies equation (45), and the distribution of motion

satisfies equation (51), these equations will continue to be satisfied during the subsequent

motion of the system. One result of equation (51), to which we shall have to refer, is

that the average kinetic energy corresponding to any one of the variables is the same for

every one of the variables of the system.

(^) We now turn our attention to a system of real bodies enclosed in a rigid vessel

impervious to matter and to heat. We know by experiment that in such a system

the temperature cannot remain steady in every part unless the temperature of every part

of the system is the same, and that this condition is necessary in whatever manner the

configuration of the system may be varied by altering the position and mean density of

the portions of sensible size into which we are able to divide it.
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Now if the system of real bodies is a material system which satisfies the equatious

of dynamics, and if equations (45) and (51) are also satisfied, the condition of the system

will, as we have shewn, (a), be steady in every respect, and therefore in respect of

temperature. Hence by (yS) the temperature of every part of the system must be the

same.

Therefore if equations (45) and (51) are satisfied, the condition of equality of

temperature is also satisfied.

But the condition of equality of temperature does not depend on the configuration of

the system, for though we can alter the configuration by external constraint we cannot

prevent the temperature from becoming equalized. It does not depend, therefore, on

equation (45). We must therefore conclude, that if equation (51) is satisfied, the condition

of equality of temperature is also satisfied, or, in other words, that equation (51) is the

condition of equality of temperature.

Hence when two parts of a system have the same temperature, the average kinetic

energy corresponding to any one of the variables belonging to these parts must be the

same.

If the system is a gas or a mixture of gases not acted on by external forces, the

theorem that the average kinetic energy of a single molecule is the same for molecules

of different gases is not sufficient to establish the condition of equilibrium of temperature

between gases of different kinds such as oxygen and nitrogen, because when the gases are

mixed we have no means of ascertaining the temperature of the oxygen or of the nitrogen

separately. We can only ascertain the temperature of the mixture by putting a thermometer

into it.

We cannot legitimately assert that the temperatures of the oxygen and of the nitrogen

must be equal because they are in contact with each other, for the only way in which we

can conceive the oxygen or the nitrogen as existing in the mixture is by picturing the

medium as a system of molecules, and as soon as we begin to see the molecules dis-

tinctly, heat becomes resolved into motion.

But since our investigation is equally applicable to a system of any kind, provided

only it satisfies the equations of dynamics, we may suppose it to consist of pure oxygen

and pure nitrogen separated by a solid diaphragm, the solid diaphragm consisting cf

molecules capable of motion, but acting on each other with forces which are sufficient to

prevent any molecule from getting far apart from its neighbours except under the action

of disturbing forces greater than any which would occur in a syf>tem at the given

temperature. In this system, though the oxygen and the nitrogen cannot mix, each can

make an exchange of molecular energy with the surface molecules of the diaphragm,- and

exchanges of energy can go on within the solid diaphragm itself without any exchange of

molecules between distant parts of the diaphragm.

Hence, in this system, the average kinetic energy of a molecule of oxygen will become

equal to that of a molecule of nitrogen in the final state of the system, that is to say.
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when the temperatures of all parts of the system have become equal, and since in that

final state we have pure oxygen on one side and pure nitrogen on the other, we can verify

the equality of temperature by means of a thermometer, and we can now assert that the

temperatures, not only of oxygen and nitrogen, but of all bodies, are equal when the

average kinetic energy of a single molecule of each of these substances is the same.

Approximate value of the probability ichen V is small compared loith E.

To find the number of systems the configuration of which is specified as regards the

limits of certain of the variables while the other variables are left undetermined, we

should have to integrate the expressions in equations (41), (45), or (47) with respect to

each of the undetermined variables in succession, the integrations being extended to all

values of these variables which are consistent with the equation of energy.

These integrations cannot be performed unless the potential energy of the system is a

known function of the variables which determine its configuration. We cannot therefore

in general continue the integration so as to determine the number of systems in which

the limits are specified for some, but not all, of the variables.

But when the number of variables is very great, and when the potential energy of

the specified configuration is very small compared with the total energy of the system,

n-i

we may obtain a useful approximation to the value of \_E — F] ^ in an exponential form,

for if we write, as in equation (53), E = nK,

«-2 «-2 n^-s, / v_\

.(56),

nearly, provided n is very great and V is small compared with E. The expression is no

longer approximate when V is nearly as great as E, and it does not vanish, as it ought

to do, when V= E.

Hence when the potential energy of the system in the given configuration is very

small compared with its kinetic energj', we may use the approximately correct state-

ment, that the number of systems in a given configuration is inversely proportional to

the e.xponential function, the index of which is half the potential energy of the system

in the given configuration divided by the average kinetic energy corresponding to each

variable of the system.

If wc divide the system into any two parts, A and B, we may consider V, the

potential energy of the whole system, as made up of three parts, V^ ami Vs, the

potential energy of A and B, each on itself, and W, that of B with respect to A.
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When, as in the case of a gas, the parts of the system are in a great degree in-

dependent of each other, the average values of Fj and Fg may be treated as constants,

and the variations of V will he the same as those of W, so that the variable part of

the exponential function will be reduced to

e~^ (57).

If we suppose that A denotes a single molecule of a particular kind of gas, and

that B denotes all the other molecules, of whatever kind, in the system, then, since

there are many molecules similar to A, we may pass, from the number of systems in

which A is within a given element of volume, to the average number of molecule.s

similar to A which are within that element, or, in other words, the average density of

the gas A within that element.

"We may therefore interpret the expression (57) as asserting that the density of a par-

ticular kind of gas at a given point is inversely proportional to the exponential function

whose index is half the potential energy of a single molecule of the gas at that point,

divided by the average kinetic energy corresponding to a variable of the system.

We must remember that since the centre of mass of a molecule is determined by

three variables, the mean kinetic energ)' of agitation of the centre of mass of a mole-

cule is three times the quantity K which denotes the mean kinetic energy of a single

variable.

Part II. A Free si/stem.

In a material system not acted on by external forces the motion satisfies six

equations besides the equation of energy, so that we must not include in our integration

all the phases which satisfy the equation of energj^, but only those of them which also

satisfy these six equations.

In what follows, we shall suppose the system to consist of n particles, whose masses

are vi^...77i„, and whose co-ordinates x, y, z, and velocity-components u, v, w, are

distinguished by the same suffix as the particle to which they belong.

Let us now consider a system consisting of s of those particles, and write

??ij + m, + &c. + m, = 31, (58),

m^x^ + m„x„ 4- &c. -f m,x, = M, X,
, "j

Wj,y, + »i„y., + &c. + »».y.- jJf, Y,, I (59),

TO,^, + m„z„ + &c. + vn^z, - M, Z,
, )

then M will be the mass of the minor system and X„ Y, , Z, the co-ordinates of its

centre of mass. If we also write

m,Mj + &c. + wi, u, = if, U,
,

^

m,v, -f &c. + »rt. r, = M,V,, \ (GO),

m.,w, + &c. -I- m, w, = M, W,

,
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™i iy.^'\ - 2>^) + &c- + m, {xj,io, - 2.V.) = i^. + M, ( r, w, - z, rj,
i

m, (^,M, - a;.j«J + &c. + m, {z,u, - a-,w,) = G, + M.(Z,U,- X.W,), \ (61),

«»i (^1^ - yxU,) + &c. + m. {x,v, - i/,u,) =H, + M. {X, V, -Y.U,), j

then U„ F], W, will be the velocity-components of the centre of mass, and F,, G,, H, the

components of angular momentum round this point.

We shall also write

Jm^(M,'+t.,' + + &c. + im,(«;+v; + tO = ^. (62).

The seven conditions satisfied by the whole system are that the seven quantities

^„' ^„' T^ni -^n. Cr„, H^ and E are constant during the motion.

Under these conditions the 3n momentum-components are not independent. We shall

therefore transform equation (17) into one in which the differentials of the first seven

velocity-components are replaced by the differentials of the seven constants.

The functional determinant is found by differentiating the seven quantities U„, F„,

'K. -^n. G^, H„ and E with respect to the momenta m,!t,, m^v^, m^w^; m^u^, m^v^, m^w,;

and Wj?/,. We thus obtain

1. 0.

0, 1,

0, 0,

1. 0,

0, 1,

0, 0,

1, 0,

which we may write

where

0, 0. z„ -y„
0, -2., 0, a;,,

1, y„ -x„ 0,

0, 0, Z,, -7J^,

0, -2„. 0. a-„.-„ 0,

0. 0, z„ -y,

0,

s'

= A .(63),

A = a 7* r^ ' 12 ' 12

<" = (3^. - y^ (^2 - ^a) - (^2 - 2/3) (^i - ^2)

.(64),

.(65),

or twice the projection on the plane of yz of the triangle whose vertices are m,, Wj,

and wij, and

'".2 ''is = (", - Wj) (^. - ^2) -t- (^. - ^2) (y. - 2/2) + (w. - "'2) (-'1-^2) (66)

.

or the rate of increase of the distance between to, and m.^ multiplied into that distance.

In a system composed of material particles, each component of momentum is equal to

the corresponding velocity-component multiplied into the mass of the particle. We may
therefore write ^, = wi,m, and so on, and since the masses are invariable we may omit

them from both members of equation (17), and write it

But

dx[ . . . dz^ du^' . . . dioj = dx^ . . . dz„du^ . . . dw„

' = m^ m^m^ a r',, r',, d^l^' dv^' dw^ 1

= 7rt,' w,' m, ar„ r^^du^ c?«,.

dUd VdWdFdGdIIdE = m^ m^m^ a r'„ r'„ <f?*,' dv^' dw^ du^ di\ dw^ du^

.(67).

.(68).
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<fe,' . . . dz^ dv^' . . . div„' tfe, . . . dz„ di\
= C.

and equation (29) becomes

(•Sn-T

N {b) =
j

C (m,'mlm^arJ-J-' dv, ...dw.

.(69),

.(70).

We shall find it useful in what follows to define the energy of internal motion as

the excess of the whole kinetic energy of the system over that which it would have

if it were moving like a rigid body with the same configuration, and the s«ime com-

ponents of momentum and of angular momentum. •

If we suppose the internal motion of the system to be destroyed in a very short

time by internal forces, so that the configuration is not sensibh^ altered during the

process, then the work done by the system against these forces is the measure of the

energy of internal motion.

Writing T for the kinetic energy referred to the origin, K for that of the mass

movino- with the velocity of the centre of mass, J for the kinetic energy due to the

rotation of the system as a rigid body, and / for the energj" of internal motion, we

liave

I=T-K-J (71),

where T = l[hm {ir + v- + u^)] ^72),

K = IM{U'+ V'+ W-) (73),

J=^{Fp+Gq + Hr) {7i),

where p, q, r are the components of angular velocity with respect to the axes of

X, y. z and are related to F, G, H by the equations

where

Ap — Sq -Mr = F,

-Np+Bq-Lr=G,
- Mp-Lq+ Cr = H,

A = 2m[{y-Yr + {z-Zf]
B=^m[{z-Z)' + {x-Xf\
G=^m[{x-Xy + {j,-YY]

aF—nG — mH=p,
nF+bG -IH =q,

mF-lG +cH =r,

L^lm{y-Y){z-Z)
M=Xm{z- Z){a:-X)

X=^m{x-X)(y-Y)

(75),

.(76).

Writing for the sake of brevity

D =

Vol. XII. Part III.

A,-N,-M\
- X, B,-L\
-M,-L, c\

a, —n, —m
d =

i
_ n, b.-l

'-m, -I,

(77).

rs
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the relations between the moments and products of mobility and those of inertia will

be given by equations of the forms

aD =BG-U Ad = bc-P
ID=-MX-AL, Ld = -mn-al, } (78).

Dd = l.

(79),

If we wTite

^= u — V + q2 — ry "j

r)= V — V + rx — pz >.

f=w- W +py-qx J

then f, t], f will be the velocity-components of a paiticle with respect to axes passing

through the centre of mass of the system and rotating with the angular velocity whose

components are p, q, r. We may therefore call f, r], ^ the velocity-components of the

internal motion. If the system were to become rigid, the internal motion would become

zero. The energy of internal motion may be expressed in terms of ^, t), ^, thus :

—

l = ^^vi(^ + n'+n (80).

We have now to express the energy of internal motion of a system of s— 1 particles

in terms of the quantities U, V, W, F, G, H and T belonging to the system of s

particles, together with the position and velocity of the s"" particle.

To avoid the repetition of suffixes we shall distinguish quantities belonging to the

minor system of .s — 1 particles by accented letters, and quantities belonging to the com-

plete system of s particles and the particle m^ by unaccented letters. We shall al.so write

M =
Mm
IT '

We thus find

.',81).

M=M-m
M'X' = MX-mx
M'U'^MU-mu,

F' = F-fi(!,- Y){w- n') + fj,(i-Z){v- V)

L'=L-f,[y-Y){z-2)

K" = A' + i/i [(U- uy + ( V-vY + (W- luf] - J V, {„' + V- + «•'). J

Since the choice of the axes of reference is arbitrary, we may simplify tlie e.xpros-

sions by taking for origin the centre of mass of the system J/, and for the axis of z

the line passing through the particle m. We may also turn the axes of a: and y

ab<j«t that of z till A becomes a maximum, the condition of wliich is

LM + CX = 0.
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We shall also reckon velocities with reference to the centre of mass of the system M.

With these simplifications we find

L' = L M'==M N' = X

a =

b' =

1 — afis'^

'

h

1-b/xz"

1 =

m =

/'

I - biAz'

m
1 —afiz''

.{H-2).

D' = Z> (1 - afiz~) (1 - 6/xr).

We are now able to calculate the energy of rotation, J', of the minor system:

2J' = a'F" + b'G'"-+cH'-'-2rG'H' -2m'H'F' -2n'F'G (83),

.(84).

- 2J + -—^—
5 [v'a/j.z'' - 2VIJ.Z {Fa - Hm) + fiz^ {Fa - Hmf]

\

+ \ , [«
V^* + 2»/ir

(
Gb - HI) + ixz'' { Gb - HI)-'] !

Combining these results and reducing we find for the energy of internal motion of

tlie system M'

Hence

/' = / - i /x (1 - b/Az')-' {u -Gb + my - i/A (1 - afizY (i- -Fa+ Hlf - 1 /xw' (85).

(86).\\\l' ^ dudvdw =— 'yf^y(,-„,..)»(,- ,„.,»/-!
12 + 3

q+ 5\ \fi/

^)
the integration being extended to all values of u, v, and w which make /' positive.

Now (1 - a/j-z") (1 - bjj,s^) =
-J-

, and this is an invariant.

Hence in general, whatever axes we choose,

,,, « (r(i)rr(i±^)
,_^3

^\2rj

For the system consisting of the two particles ?«, and m^ the energy of rotation is

3/„

.(87).

'^. = h: ,{f,^+g:^h,^). (88).

72—2
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and the energy of internal motion is

/.= i .(89).

Hence we may write equation (70)

We have tirst to express /, in terms of quantities having the suffi.K ^.

If we make the plane of yz pass through the three particles m^, m,„ iii^, so that

the origin coincides with their centre of mass and has the same velocity, and the

axis of 2 passes through m^, then a is twice the area of the triangle whose vertices

aie »tj, njj and m,

,

-I
J

J- ^~r jj -313, iTj 1J3 j^ ~3«3, J'j iJj. .(91),

/^ = y^_^^»3fl +^-3i

am,u^= G,{y,-i/,) + N,(z,-s^) (92)

_ 1 -^^3'«3
„,.

2 » «-

, ,93).

We have now to integrate

/K ^ dvdw„

extending the integration to all values of v^ and ?(.'3 whicli make /, ]>ositive, and

remembering that equation (92) shows that u^ is independent of y, and w^. The

result is

'^^ (94).

Now for thf> tliren particles m^, m„, m^,

where r^,, Cj, and r,,^ are the distances between tiie particles, and x is the area of the

tiiangle in^m^n^.

Al.so >-o>V», + »V '»3»», + 'Vi'»«.'«5 = Y "'"."'s'".2" + ^'^'"3*3) <!'(J).

We may now write equation (90) in tlio form

A- (b) =
j"'"

' ^^' [^ m,'m/,»3'.y.;7J3]-i/3i </«. . . . rftt-, (97).



DISTRIBUTION OF ENERGY IN A SYSTEM OF MATERIAL POINTS. 507

Continuing the integration by equation (87) we find

sm-8 /pnsn-e . . .
^-3

where /„ is what we have defined as the energy of internal motion of the system, or

the work which the system would do, in virtue of its motion, against the system of

internal forces which would be called into play if the distances between the parts of

the material system were in an insensibly small time to become invariable.

In order to determine the number of systems in a given configuration for which the

velocity-components of the particle to,, lie between the limits « + ^du, v ± idv, 10 ± idw,

we must form the expression for X {b, m,, r„, wj by stopping short before the last

triple integration.

We thus fiuJ

3n—11 jp ,,>^3„_9 Sn-11

.V(i, ».,„.,«..). 2 ' C I

'^^l^^ (»,-"'-,)'--'/-,--P-,'--f-, ' *.*.*...(!«).

(^)
If, as in equations (82) to (86), we suppose the origin of co-ordinates to be the

centre of mass of the whole system, the axis of s to pass through the particle to,, and

the axes of x and 3/ to be in the directions of the principal axes of the section of the

momenta! ellipsoid normal to s, then writing

^ = u-qz, T) = v+pz, ^=w (100),

so that f, 77, ^ are the velocity-components of to„ relative to axes moving as the system

would do if it were then to become rigid, with the angular velocity whose components

are p, q, r, we may write

T„-,=i„-if^'j-f^f^^Tf--it^{^-<'f'^rv''-hf'^ (101).

The sum of the last three terms of this expression, with its sign taken positive, represents

the part of the internal motion of the system which is due to the fact that the particle

//(.^ is moving with tlie relative velocity whose components are ^, 7?, f.

We may also define it as the work which would be done by tlie particle //«„ against

the internal forces of the system, if these forces were suddenly to become such as to

render the whole system rigid in an infinitely short time.

Comparing this result with that obtained in equation (48), we see that the law of

distribution of the velocities of the particle ot, is the same as what it would be rn a

fixed vessel containing ?i-2 particles, provided that we substitute for ^t^ t-', w^ the

quantities (1 - bfiz'^'' ^\ {l-afiz-pri\ ^- respectively.

Hence the mean square of the velocity in the durection of the line joining the

particle with the centre of mass is the same at all points of the system, but the mean
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square of the velocity in other directions is less than this in the ratio of 1 — a/ts' to 1

,

where z is the perpendicular from the centre of mass on the line of relative motion of

the particle, and a is the moment of mobility of the system about an axis through the

centre of mass and nonnal to the plane through that centre and the line of motion.

When the product of the mass of the particle into the square of its distance from

the centre is so small that it may be neglected in comparison with the moments of inertia

of the system, then quantities like o/xa^ and S/xs" may be neglected in respect of unity,

and we may assert that the mean square of the relative velocity, for a particle of given

mass, is the same in all directions and at all points of the system ; but that for different

]iarticles it varies inversely as their masses; so that the average energy of motion relative

to the moving axes is the same for particles of all kinds throughout the system.

We have already learned from equation (98) that in a free system of n particles

tlie number of cases in which the system is in a given configuration, or, in other words,

the probability of that configuration, is proportional to the ——^— power of the energy

of internal motion coiTesponding to that configuration.

We have next to consider the manner in which this probability depends on the

position of a particular particle, say of the last particle, m.^.

Let /„"" denote the energy of internal motion of the complete system when in^ is at

the centre of mass of the system and is without any velocity relative to that centre.

It is manifest that in this case m^ contributes nothing towards the energy of internal

motion.

Now let ?n„ be carried from the centre of mass to the point (0, 0, z) and left there

without any velocity (that is, let u = v = io = 0).

Let TF be the work which must be done against the forces of the system to effect

this transference, then since the total energy of the system and the three angular momenta

must be maintamed constant, we shall have after this displacement, for the energy of

internal motion of the remaining ?! — 1 particles,

^,-.=/,:'-i'' (102).

But by equation (8.'))

X. = /„-, + iM (1 - hfier (« - izf + iM (1 - ati-ey' (i- ^p£f + ly^v? (103).

Substituting the value of /„_, from equation (102), and remembering that u = v = w = Q,

we find for the energy of internal motion in the new configuration

h = lT-^y^\i^{\-hiJ.zy'q'z^^\ti{\-atiz')fz' (104).

The probability, therefore, of a configuration in which, the positions of all the other

(•articles bemg given, that of wi, is varied, is proportional to /, is , /, being given by
eqiiation (104).
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When, as in the case of a gas, there are a great many particles sirnihir to m^, we

may speak of the density of the medium consisting of such particles in the element

dxdydz. In this case, however, for reasons already given, neglect the quantities o/ir*

and hfiz', and we may write m for
fj,.

We may also choose our axes in the manner

which is most convenient. We shall therefore make the axis of z that round which the

system, if it were rendered rigid, would rotate with velocity a>, and we shall suj)pi)se

this axis to be vertical, as otherwise a steady motion under the action of gravity ci>uld

not exist, and we shall denote the horizontal distance from this axis by r.

We may now wTite for the density of the gas at the point [z, r)

3i*_a

p=p„[l + (27,;'r('«'-V-2»i7.')]— (105),

where p^, is the density at the origin.

When 11 is a very large number and when the second term of the binomial is very

small compared with unity, we may write for this the exponential expression

3 i)in - , n ,

P = Py ^
•.

(10b).

If 7/i„ is the mass of a molecule of hydrogen, /Li»i„ will be the mass of a molecule

of the kind of gas considered, where
fj,

is the chemical equivalent of the gas.

Also if T is the temi^erature on the centigi-ade scale, and a the coefficient of dilata-

tion of a perfect gas, then since the " velocity of mean square" of agitation of tlie

molecules of hydrogen at 0°C. is I'844 x 10^ centimetres per second, the kinetic energy oi

agitation of a system containing n molecules of any kind will be

|m,w (1-844)^ 10" (1 + aT),

and the difference between this and the energy of internal motion Inay be neglected.

We thus find for the density at any point

p - p^ga'dsWlo'Mi+in ,., (107).

Let us now consider a tube of uniform section placed on a whirling table so thai

one end, A, of the tube coincides with the axis while the other end, B, revolves aboiit

the axis with the angular velocity w. The linear velocity of B is tor, and we shall

suppose, for the sake of easy calculation, that this velocity is one-tenth of the velocity

of agitation of the molecules of hydrogen. The velocity of the end B would be lS4-t

metres per second. If the tube contains hydrogen at 0" C, the ratio of the density oi

the gas at B to the density at ^1 will be e-'', or approximately 1+^^-

If it contains a gas whose chemical equivalent is /x, the ratio will be 1 + ^00
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If the tube contains hydrogen and cai'bonic acid, and if a certain volume of the

tube at A contains 200 parts of hydrogen and 200 of carbonic acid, then an equal

volume of the tube at B will contain 201 jiarts of hydrogen and 222 parts of carbonic

acid.

The time during which the experiment would require to be continued in order to

ol)taiu a given degree of approximation to the ultimate distribution of the mixed gases

varies as the square of the length of the tube.

Thus in Loschmidt's experiments on the diffusion of gases he used a tube about

a metre long, and continued his experiments from half an hour to an hour in order to

obtain the results from which he could best deduce the coefficient of diffusion.

In these experiments the inequalities of distribution of hydrogen and carbonic acid

were reduced to less than a third part of their original value in half an hour, and if

the experiment had gone on for two hours the differences from the ultimate distribution

would have been reduced to a hundredth part of their original value.

We may therefore consider two hours as ample time for an experiment on the

ultimate distribution of these two gases in a tube one metre in length.

But if we make the whirling tube 20 centimetres long, the differences of distribution

ti'om the ultimate distribution w-ould be reduced to a hundredth part of their original

value in a twenty-fifth part of the time, that is to say in -i minutes 48 seconds.

If it were found more convenient to have bulbs on the ends of the tubes, so as

ti> be able to secure the gas at each end before it got mixed up by the violent com^

motion arising from the stopping of the whirling tube, we should have to allow a longer

time for the whirling.

In order to obtain a similar distribution of the two gases in a vertical tube by the

action of gravity the tube would require to be 1720 metres high, and in order to obtain

the same degree of approximation to the ultimate distribution we should have to let the

experiment go on for 675 years, carefully preserving the tube during that time from all

inequalities of temperature, which, by causing convection-currents, would continually mix

up the gases and prevent their partial separation.
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Second Degree : Nov. 12, 1832 ; v. 77—94.

On Discontinuous Constants, as applied to Infinite

Series: May 16, 1836; VL 185—193.

On a Question in the Theory of Probabilities

Feb. 26, 1837 ; vi. 423—430.

On the Foundation of Algebra: Dec. 9, 1839

vn. 173—187.

Do. Nov. 29, 1841

Do. Nov. 27, 1843

Do. Do.

VII. 287—300.

Do. Do.

vm. 139—142.

Do. Do.

1844 ; vin. 241

On Divergent Series, &c.

VIII. 182—203.

On the Structure of the Syllogism, and its ap-

plication, &c. : Nov. 9, 1846 ; vni. 379—408.

On Triple Algebra : Oct. 28,

-254.

&c. : March 4, 1844;

De Morgan, Prof, On Integrating Partial Differential

Equations: June 5, 1848; Tin. 606—613.

On the Symbols of Logic, the Theory of the Syllo-

gism, &c., &c. ; Feb. 25, 1850; IX. 79—127.

On some points of the Integral Calculus : Feb. 24,

1851 ; IX. pt. ii. 107—138.

On some points in the Theory of Dilferential

Equations: March 27, 1854; IX. 515—554.

On the singular points of Curves, and on Newton's

method of Co-ordinated Exponents : May 21,

1855 ; IX. 608—627.

On the Solution of a Difierential Equation : Apr. 28,

1856; s. 21—26.

On the Beats of Imperfect Consonances : Nov. 9,

1857 ; X. 129—145.

On the Syllogism, No. in., and on Logic in

general: Feb. 8, 1858; x. 173—230.

On the Syllogism, No. iv., and on the Logic of

Relations : Apr. 23, 1860; x. 331—358*.

On the Proof of the existence of a Root in every

Algebraic Equation: Dec. 7, 1857; x. 261—270.

On the General Principles of which the Composi-

tion of Forces is a Consequence : March 14,

1859 ; X. 290—304.

On the Theory of Errors of Observation : Nov. 11,

1861 ; X. 409^27.
On the Syllogism, No. v., and on some parts of

the Onymatic System : May 4, 1863 ; x. 428

—

487.

On Infinity : and on the sign of Equality : May 16,

1864; XI. 145—189.

On a Theorem relating to Neutral Series : May 16,

1864; XL 190—202.

On the Early History of the Signs + and -
: Nov.

28, 1864; XI. 203—218.

On the Root of any Function : and on Neutral

Series, No. ii. : May 7, 1866 ; xi. 239—266.

Note on the .same: Oct. 26, 1868; XI. 447—460.

Denison, E. B., On Clock Escapements : Nov. 27, 1848;

viiL 633—638.

On Turret-clock Remontoirs : Feb. 26, 1849; vm.
639—641.

On some recent Improvements in Clock-Escape-

ments: Feb. 7, 1853; IX. 417—430.

Donaldson, Dr. J. W., On the Structure of the Athe-

nian Trireme: Nov. 6, 1856; x. 84—93.

On the Statue of Solon mentioned by jEschines

and Demosthenes: Feb. 22, 1858; x. 231—239.

On Plato's Cosmical System : as exhibited in The

Eepuhlic: Book x. : Feb. 28, 1859; x. 305—316.

On the Origin and Use of the word Argcmeni :

Nov. 28, 1859; x. 317—326.

Earnshaw, Rev. S., On Fluid Motion, as expressed by

the Equation of Continuity : March 21, 1836

:

vi. 203—233.

73—2
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Earnsha'w, Rev. S., On the Diffraction of an Object-

Glass K'ith a tiuangxilar Aperture : Dec. 12,

1836; VI. 431—442. See Airy.

On the Nature of the Molecular Forces of Liimi-

niferous Ether : March 18, 1839 ; vn. 97—112.

On the Values of the Sine and Co.sine of an Infinite

Angle : Dec. 9, 1844 ; vra. 255—268.

On two great Solitary Waves of the First Order

:

Dec. 8, 1845 ; vni. 326—341.

Ellis, E. L., On the Foundation of the Theory of

Probabilities : Feb. 14, 1842 ; xm. 1—6.

On the method of Least Squares : March 4, 1844;

vin. 204—219.

Remarks on the Theory of Matter : May 22, 1848

;

VIII. 600—605.

On the Fundamental Principle of the Theory of

Probabilities : Nov. 13, 1854 ; ix. 605—607.

Farish, Prof., On Isometi-ical Perspective: Feb. 21,

March 6, 1820; i. 1—19.

Fennell, C. a. M., On the First Ages of a Written

Greek Literatm-e : Nov. 23, 1868; xi. 461—
480.

Fisher, Rev. Osmosd, On the Purbeck Strata of Dorset-

shire : Nov. 13, 1854 ; ix. 555—581.

On the elevation of Mountains by lateral pres-

sure, &c., &c.: Apr. 27, 1868; XI. 489—506.

On the Inequalities of the Earth's Siu-face viewed

in connection with the secular cooling: Dec. 1,

1873; xn. 414—433.
On the same, as produced by lateral pressure, on

the hj-pothesis of a Uquid substratum: Feb. 22,

1875; XIL 434—454.

Glaisher, J. W. L., Tables of the first 250 BemouiUi's

Numbei-s, and of their logarithms ; May 29,

1871; xn. 384—387.

Supplement to the same memoir : March 1 1, 1872

;

XIL 388—391.

GoDFRAT, Hugh, On a Chart and Diagram for facilitat-

ing Great Circle Sailing: May 10, 1858; x.

271—282.

GooDE, Henry, On a pecuhar Defect of Vision : Nov. 9,

1846; May 17, 1847; vin. 493—196.

Goodwin, Rev. H., On the Connexion between Me-
chanics and Geometry: Feb. 10, 1845; viu.

2(19-277.

On the Pure Science of Magnitude and Direction

:

May 12, 1845; vin. 278—286.

On the Geometrical Representation of the Roots of

Algebraic Equations: Apr. 27, 1846; vili. 342
—360.

Gkeen, Geougk, On the Law.s of Ec|uilibriuni of Fluids

analogoiLS to tho Electric Fluid : Nov. 12, 1832

;

V. 1—63.

On the Exterior and Interior Attractions of Ellip-

soid.s, &c., &c. : May 6, 1833; v. 395—129.

Greex, George, On the Reflexion and Refraction of

Sound: Deo. 11, 1837; VL 403—113.

On the Motion of Waves in a variable Canal of

small depth and width: May 15, 1837; vi.

457—462.

Note on the motion of Waves in Canals: Feb. 18,

1839; vu. 87—95.

Memoir on the Laws of Reflection and Refraction

at the common Siu-fac« of two non-crystallized

Meilia: Dec. 11, 1837; vil 1—24.

Supplement to the memoir: May 6, 1839; vii.

113—120.

On the Propagation of Light in Crystallized

Media: May 20, 1839; vn. 121—140.

Gregory, Dr. Olinthcs, On some Experiments to

determine the Velocity of Soimd : Dec. 8, 1823;

n. 119—137.

Hailstone, Rev. J., On an extraordinary depression

of the Barometer in Dec. 1821, &c., &c.

:

Feb. 25, 1822; i. 453—158.

Ha%'ILAni>, Dr., On the solution of the Stomach by

Ga.stric Juices: Dec. 11, 1820; l 287—290.

Hayward, R. B., On a direct method of estimating

Velocities, &c., &c., with reference to Axes
moveable in Space : Feb. 25, 1856; s. 1—20.

Henslow, Prof, On the Geology of Anglesea : Nov. 26,

1821 ; I. 359—452.

On a hybrid Digitahs: Nov. 14, 1831; iv. 257

—

278.

On the Monstrosity of the Common Mignionette :

May 21, 1832; v. 95—100.

Herschel, Sii- J. F. W., Deviation in Crystals from

Newton's scale of Tint-s, with Polarized Light

:

May 1, 1820; I. 21—41.

Planes of Polarization, as aft'ected by Plates of

Rock Crystal: Apr. 17, 1820; i. 43—52.

Fimctional Equations, Reduction of, to Equations

of Finite Differences : March 6, 1820; I. 77—87.

Apophyllite, On the Refraction of coloured Rays
in: May 7, 1821 ; l 241—247.

On a Machine for resolving by Inspection Trans-

cendental Equations: May 7, 1832; iv. 425

—

440.

Hiern, W. p., a Monograph of Ebenaceas: March 11,

1872; xn. 27—300.

HoLDlTCH, Rev. 11., On Rolling Curves : Dec. 10, 1838;

vn. 61—86.

On Small Finite Oscillations : May 15, 1843; vin.

89—104.

Hopkins, W., On Aerial Vibrations in CylindricalTubes:

May 20, 1833 ; v. 231—270.

Researches in Physical Geology: May 4, 1835;

VL 1—84.

On tho Motion of Glaciers: May 1, 1843; vin.

50—74.
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HoPKiSS, W., Ou the Motion of Glaciei-s (second me-

moir) : Dec. 11, 1843; vin. 159—169.

On the Transport of Erratic Blocks : Apr. 29,

1844 ; Tin. 220—240.

Ou the Internal Pressure of Rock Masses, &c., &c.

:

ilay 3, 1847 ; viii. 456—170.

Ou the External Temperature of the Earth, and

the other Planets of the Solar System : May 21,

1855 ; IX. 628—672.

Humphry, Prof. G. M., On the growth of the Jaws

:

Xov. 9, 1863 ; 5i. 1—5.

Jabrett, T., On Algebraic Notation: Xov. 12, 1827;

liL 65—103.

Jebb, Prof. R. C, On the place of Music in Education

as conceived by Aristotle in his "Polities:"

May 17, 1875 ; xii. 523—530.

Jenyss, Rev. L., On the Ornithology of Cambridge-

shire: Kov. 28, 1825 ; II. 287—324.

On Pennant's Natterjack ; with a Ust of the Rep-

tiles of Cambridgeshire: Feb. 22, 1830; iii.

373—381.

Monograph on the British species of Cyclas and

Pisidium : Nov. 28, 1831 ; iv. 289—312.

Ket.t.avt), Prof., On the Dispersion of Light, on the

theory of Finite Intervals : Feb. 22, 1836 ; vi.

15a—184.

Ou the Motion of a System of Particles, with

reference to Soiuid and Heat: May 16, 1836;

VI. 235—288.

On the transmission of Light in Crystallized

Media: Feb. 13, 1837; vi. 323—352.

Supplement to the same : May 1, 1837 ; vi. 353

—

360.

On ilolecular Equilibrium: March 26, 1838; vn.

25—59.

On the Quantity of Light intercepted by a grating

placed before a Lens ; and ou the effect of the

Interference: March 30, 1840; vn. 153—171.

Kemp, George, On the Nature of the Biliary Secretion

:

March 6, 1843; viu. 44-^9.

Kkg, J., A new demonstration of the Parallelogram of

Forces : Apr. 14, 1823 ; II. 45—16.

Lee, Prof., On the Astronomical Tables of Mohammed
Abibeker Al Farsi : the mss. of which are in

the Public Library: Nov. 13, 1820; I. 249—

265.

Leslie, Prof., On the Sounds excited in Hydrogen Gas

:

Apr. 2, 1821 ; I. 267—268.

Lowe, R. T., Primitife Fauuoe et Florse Maderre et

Portus Sancti: Nov. 15, 1830; iv. 1—70.

Piscium Maderensiimi Species {see M. Young)

:

Nov. 10, 1834 ; vi. 195—201.

Novitiaj Florae Maderensis: or Gleanings from

Madeiran Botany: May 28, 1838; vi. 523—

551.

Lubbock, Sir J., On the Calculation of Annuities, and

on some points in the Theory of Chances

:

May 26, 1828; ni. 141—154.

Comparison of various Tables of Anmuties:

March 30, 1829 ; m. 321—341.

LuXN, F., Phosphate of Copper from the Rhine, .:\jialy-

sis of: March 5, 1821 ; i. 203—207.

Mandell, W., On the improved methods of procuring

Potassium : Nov. 26, 1821 ; i. 343—345.

Maxwell, Prof. J. Clerk, On the Transformation of

Surfaces by Bending: March 13, 1854; ix.

445-470.

On Faraday's lines of Force : Dec. 10, 1855,

Feb. 11, 1856; x. 27—83.

On Boltzmann's Theorem on the average distri-

bution of energy in a system of material points

:

May 6, 1878 ; xil 547—570.

Miller, Prof., On the Crystals of Boracic Acid

:

Nov. 30, 1829; m. 365—367.

On Crystals found in Slags: March 22, 1830; m.
417—420.

On the position of the Axes of Optical Elasticity

in certain Crystals: Dec. 8, 1834; v. 431—
438. March 21, 1836; vn. 209—215.

On spurioiis Rainbows : March 22, 1841 ; vii.

277—286.

Moore, A. A., On a difficidty in Analysis noticed by

Sir Wm. Hamilton: May 1, 1837; vi. 317—322.

Morton, Pierce, On the Focus of a Conic Section

:

March 2, 1829 ; in. 185—190.

MosELET, Eev. H., On the Equilibrium of the Arch

:

Dec. 9, 1833; v. 293—313.

On the Theory of the Eqiulibrium of Bodies in

Contact: May 15, 1837; vi. 463—191.

McNRO, Rev. H. A. J., On a Metrical Latin Inscrip-

tion at Cirta in Algeria: Feb. 13, 1860; s.

374—408.

Murphy, R., On the General Properties of Definite

Integrals : May 24, 1830 ; m. 429—443.

On the Resolution of Algebraical Equations:

March 7, 1831 ; iv. 125—153.

On the inverse method of Definite Integrals, with

Physical Applications: March 5, 1832; iv.

353—408.

Second memoir on the same: Nov. 11, 1833; v.

113—148.

Third memoir on the same : March 2, 1835 ; v.

315—393.

On Elimination between an Indefinite number of

unknown Quantities : Nov. 26, 1832; v. 65— 75.

On the resolution of Equations in Finite Dif-

ferences: Nov. 15, 1835; vi. 91—106.

OBbiex, Rev. M., On the Propagation of Luminous

Waves in the Interior of Transparent Bodies

:

Apr. 25, 1842: vn. 397—437.



VI INDEX TO TRANSACTIONS I—XII.

O'Brien, Kev. M., On the Reflection and Refraction of

Light at the surface of an Uncrystallized Body

:

Nov. 28, 1842; Tin. 7—26.

On the possibility of accounting for the Absorption

of Light, &c., &c. : Feb. 14, 1843; Tin. 27—30.

On a New Notation to be used in Geometry, &c.,

&c.: Nov. 2.3, 1846; viii. 41.5—428.

On a System of Symbolical Geometry and Me-

chanics : March 15, 1847 ; viii. 497—507.

On the Equation for the Vibratory Motion of an

Elastic Medium: March 15, 1847; viii. 508

—

523.

Okes, J., On the remains of a Fossil Beaver found in

Cambridgeshire: March 6, 1820; I. 175—177.

On a dilatation of the Ureters, &c. : Nov. 12, 1821

;

I. 351—358.

OwEy, Richard, F.R.S., Description of an extinct

Lacertian Reptile: Apr. 11, 1842; vii. 355

—

369.

Paget, Prof. G. E., On some remarkable Abnomiities

in the Voluntary Muscles: March 8, 1858; x.

240—247.

Paley, F. a.. On Homeric Tumuli: March 12, 1866;

XI. 267—276.

On the Comparatively Late Date, and Composite

Character of our Iliad and Odyssey : Nov. 26,

1866; XI. 360—386.

Phear, J. B., On the Geology of some parts of Suffolk,

particularly of the Valley of the Gipping:

Feb. 27, 1854; IX. 431—144.

PlERSON, R., On the Theory of the Long Inequality of

Uranus and Neptune : 1852 ; ix. Appendix,

pp. Ixvii.

Potter, R., Mathematical considerations on the Prob-

lem of the Rainbow: Dec. 14, 1835; vi. 141—

152.

On a new correction in the Constniction of the

Doulile Achromatic Object-Glass : Apr. 30,

1838; VI. 553—564.

On the Heights of two Aurora) Boreales, &c.,

&c. : Dec. 8, 1845 ; \iu. 320—325.

Power, Rev. J., On the principle of Virtual Velocities

:

March 21, 1825 ; II. 273—276.

On the Theory of Residuo-Capillary Attraction,

&c., &c. : March 17, 1834; v. 205—229.

On a Railway Accident; and on a Principle of

Motion involved in precautions against Col-

li.sions: May 29, 1841; vil. 301—317.

On the Trutli of a Theorem in Hydrodynamics

:

May 9, 1842; vn. 455—464.

RiOACD, Prof., On the relative Quantities of Land and
Water on the Globe : Feb. 13, 1837 ; vi. 289

—300.

RoHBs, J. H., On the Oscillation of a SusfXinsion Chain :

Dec. 8, 1851 ; is. 379-398.

RoHRS, J. H., On the Motion of Beams, and thin Elastic

Rods: Apr. 23, 1860; x. 359—373.

On the Strains to which Ordnance are subject,

and on the Vibrations of Sohd Bodies : Apr. 18,

1864; XI. 324—359.

RoTHMAN, R. "W., On Variations of Magnetic Intensity,

as computed and observed: Nov. 10, 1825;

II. 445.

On an Ancient Observation of a 'Winter Solstice

:

Nov. 30, 1829 ; m. 361—363.

An account of Observations of HaUey's Comet:
Dec. 11, 1837; ^^. 493—506.

Salter, J. "\V., On Crotalocriuus nigosus. Miller : a

Crinoid in the Woodwardian Museum : Feb. 8,

1869; XI. 481—484.
Diagram of the relations of the Univalve to the

Bivalve : and of this to the Braohiopod

:

Feb. 8, 1869; XI. 485—488.

Sedgtvick, Prof., On the Primitive Ridge of Devonshire

and Cornwall: March 20, 1820; i. 89—146.

On the Physical Structure of the Lizard district

in Cornwall : Apr. 2, May 7, 1821 ; I. 291—330.

On some Trap Dykes in Yorkshire and Durham

:

May 20, 1822; II. 21—14.

On the Association of Trap Rocks with Moimtain

Limestone in Tees-Dale: May 12, 1823;

March 1, 15, 1824 ; ii. 139—195.

Note on a memoir by Dr Broilie on Land and

Freshwater Shells, &c. : Apr. 30, 1838; vill.

139—140.

Smith, Archibald, On the Equation to Fresnel's Wave-

Surface : May 18, 1835 ; vl 85—89.

Spilsbcrt, F. G., On the Magnetism evolved by a single

Galvanic combination, &c., &c. : Nov. 25, 1822

;

II. 77—83.

Stephens, J. F., Description of Chiasognathus Grantii,

a Luoanideous Insect: May 16, 1831 ; iv. 209

—216.

Stokes, Prof. G. G., On the Steady Motion of Incom-

pressible Fluids : Apr. 25, 1842 ; vn. 439—453.

Memoir on some cases of Fluid Motion : May 29,

1843; vin. 105—137.

Supplement to this memoir : Nov. 3, 1846 ; viii.

409—414.

On the Internal Friction of Fluids in Motion

:

and the Equilibrium and Motion of Elastic

Solids: Apr. 14, 1845; viil. 287—319.

On the Theory of Oscillatory Waves: March 1,

1847; viH. 441—455.

On the Critical Value of the Sums of Periodic

Series: Dec. G, 1847; viil 533—583.

On the central Spot of Newton's Rings: Dec. 11,

1848; viii. 642—658.

On tlie Variation of Gravity at the Earth's Sur-

face: Apr. 23, 1849; vin. 072—695.
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Stokes, Prof. G. G., On an Equation relating to the

breaking of Railway Bridges : May 21, 1849

;

VIII. 707—735.

On the Dynamical Theory of Diffraction : Nov. 26,

1849; IX. 1—62.

On the numerical Calculation of a class of Definite

Integrals and Infinite Series: March 11, 18o0;

IX. 166—187.

On the effect of the Internal Friction of Fluids

on the motion of Pendulums: Dec. 9, 1850;

IX. pt. ii. 8—106.

On the Colours of Thick Plates : May 19, 1851

;

IX. pt. ii. 147—176.

On the Composition and Eesolution of Streams of

Polarized Light from different soiu-ces : Feb. 16,

March 15, 1852; IX. 399—416.

On the Discontinuity of Arbitrary Constants in

Divergent Developments: May 11, 1857; x.

105—128.

Supplement to the same memoir: May 25, 1868;

XI. 412—425.

Thompson, Prof. W. H., On the genuineness of the

Sophista of Plato, and on some of its philoso-

phic bearings: Nov. 23, 1857; x. 146—165.

ToDHUNTER, I., On the Method of Least Squares

:

May 29, 1865; XI. 219—238.

On the Arc of the Meridian measured in Lapland

:

May 1, 1871; sil. 1—26.

Ou the equation determining the foiTn of the

strata in Legendre's and Laplace's Theory of

the Figure of the Earth: Oct. 16, 1871; xii.

301—318.

TozEK, J., Mathematical Investigation of the effect of

Machinery on the Wealth of a Community

:

May 14, 1838; vi. 507—522.

On the effect of the Non-residence of Landlords,

on the same: March 16, 1840; vii. 189—
196.

J., On the Force of Testimony in Legal Evidence

:

Nov. 27, 1843; viil. 143—158.

Wallace, William, Geometrical Theorems and For-

mulae, as applicable to Geodesy: Nov. 30, 1835

;

VI. 107—140.

Warbdrton, H., On the Partition of Numbers; Com-

binations and Permutations : March 1, 1847

;

VIII. 471—492.

On self-repeating series: May 15, 1854; ix. 471

—486.

Warren, Rev. J. W., Exercises in Curvilinear and

Normal Co-ordinates : May 22, 1876 ; May 7,

1877; xn. 455—522; 531—545.

Wedgwood, H., On the Knowledge of Body and Space

:

March 11, 1850; ix. 157—165.

Whewell, Dr, On the Apsides of Orbits of great

excentricity : Apr. 17, 1820; i. 179—191.

Whewell, Dr., On the double Crystals of Fluor Spar

:

Nov. 26, 1821 ; l. 331—342.

On the Rotatory motion of Bodies : May 6, 1822

;

II. 11—20.

On the Angle made by two Planes, or two straight

lines, referred to three oblique Co-ordinates

:

Nov. 24, 1823; il. 197—202.

Note on Mr Cecil's memoir on Grinding Mirrors,

&c. : Dec. 11, 1822: II. 100—103.

On Crystalline Combinations: Nov. 13, 1826; il.

391—425.

On a Notation to designate the Planes of Crys-

tals: Feb. 11, 1826; II. 427—439.

A Mathematical Exposition of some doctrines of

Pohtical Economy: March 2, 14, 1829; m.
191—230.

Second memoir on the same subject : ix. Apr. 15,

1850; 123—149.

Third memoir on the same subject : Nov. 11, 1850

;

IX. pt. ii. 1—7.

Ditto, Ditto, as applied to Eicardo's Political

Economy: Apr. 18, May 2, 1831; iv. 155—

198.

On the Nature of the Truth of the Laws of

Motion: Feb. 17, 1834; v. 149—172.

On the results of Observations with a new

Anemometer: May 1, 1837; VL 301—315.

Demonstration that all Matter is heavy : Feb. 22,

1841; vn. 197—207.

Discussion whether Cause or Effect are simul-

taneous or successive: March 14, 1842: vii.

319—331.

On the Fundamental Antithesis of Philosophyj

Feb. 6, 1844; viii. 170—181.

Second memoir on the same subject: Nov. 13,

1848; Till. 614—620.

On the Intrinsic Equation to a Curve, &c., &c.

:

Feb. 12, 1849; viii. 659—671.

Second memoir on the same subject: Apr. 15,

1850; IX. 150—156.

On Hegel's Criticism of Newton's Principia:

May 21, 1849; viii. 696—706.

On Aristotle's account of Induction: Feb. 11,

1850; IX. 63—72.

On the Transformation of Hypotheses in the

History of Science : May 19, 1851 ; ix. pt. ii.

139—146.

On Plato's Survey of the Sciences : Apr. 23, 1855

;

IX. 582—589.

On his notion of Dialectic: May 7, 1855; ix.

590—597.

On the Intellectual Powers, according to Plato

:

Nov. 12, 1855; IX. 598—604.

Of the Platonic Theory of Ideas: Nov. 10, 1856;

X. 94—104.
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Willis, Prof., On the pressure produced by a stream

of Air on a flat plate, &c. &c. : Apr. 21, 1828

;

m. 129—140.

On Vowel Sounds ; and on Eeed Organ-Pipes

:

Nov. 24, 1828 ; March 16, 1829 ; m. 231—268.

On the Mechanism of the Laryas : May 18, 1829

;

IV. 32.S—352.

Young, J. R, On the Principle of Continuity, in refer-

ence to Analysis: Dec. 7, 1846; tiii. 429

—

440.

YousG, M., Pisciam Maderensium Species, Iconibiis

illustrate: Nov. 10, 1834; vl 195.

II. INDEX OF SUBJECTS.

Aberration in the Eye-pieces of Telescopes : May 14, 21,

1827 ; ra. 1—58.

Achromatic Eye-pieces, and Achromatism: May 17,

1824 ; XL 227—252 ; in. 59—63.

Object-Glass, New Correction for: Apr. 30, 1838;

VI. 553—564.

Addeubrooke's Hospital, Report on, for 1836 : March 13,

1837 ; VL 361—377.

Ditto, Ditto, for 1837: Apr. 30,

1838; vi. 565—575.

Al Farsi, Astronomical Tables of: Nov. 13, 1820; L

249—265.

Algebra, Foundations of. Part I.: Dec. 9, 1839; vn.

173—187.

Ditto, Ditto, II. : Nov. 29, 1841 ; vn.

287—300.

Ditto, Ditto, III.: Nov. 27, 1843; vm.
139—142.

Ditto, Ditto, IV.: Oct. 28, 1844; vin.

241—254.

Algebraic Equations, Geometrical representation of their

Roots : Apr. 27, 1846 ; vni. 342—360.

Notation: Nov. 12, 1827; m. 65—104.

Algebraical Equations, Resolution of : March 7, 1831

;

IV. 125—153.

Analysis, on a Difficulty in, noticed by Sir W. Hamil-

ton: May 1, 1837; VI 317—322.

Analyzer, on a new : March 5, 1832 ; iv. 313—322.

Anemometer, Obsen-ations with a new: May 1, 1837;

VI. 301—315.

Angle, Memoir on, as referred to three oblique Co-

ordinates: Nov. 24, 1823; n. 197—202.

Anglesea, CJcological description of: Nov. 26, 1821

I. 359—J52.

Animals, Occurrence of E.\tinct, near Cambridge

Apr. 30, 1838; vm. 138—140.

Annuities, Calculation of, with Tables : May 26, 1828

in. 141—154.

Comparison of various Tables of : March 30, 1829

in. 321—341.

Antithesis, Fiuidamental, uf Philosophy : Feb. 5, 1844

vin. 170—181.

Antithesis, Second memoir: Nov. 13, 1848; vm. 614

—620.

Apophyllite, Refraction in Rays from : May 7, 1821

;

L 241—247.

Apsides of Orbits of Great Excentricity : April 1 7, 1820

;

I. 179—191.

Arbitrary Constants, Discontinuity of, &c. : May 11,

1857 ; X. 105—128.

Ditto, Ditto, Supplement to this memoir : May
35,1868; SL 412—425.

Arch, Equilibriimi of the : Deo. 9, 1833; v. 293—313.

Argument, Use and meaning of the word: Nov. 28,

1859; X. 317—326.
Aristotle's account of Induction: Feb. 11, 1850; is.

63—72.

Atmospheric temperature. Decrement of : Feb. 13, 1837

;

VL 443—155.

Attraction, Eesiduo-CapiUarj- : March 7, 1834; v. 205

—229.

Attractions of Ellipsoids, Determination of: May 6,

1833; V. 395—429.

Aurora BoreaUs, Height of : Dec. 8, 1845 ; viiL 320

—

825.

of Nov. 17, 1848: Nov. 27, 1848; vnL 621—632.

Axes, Moveable, On Velocities, &c., &c., relative to:

Feb. 25, 1856; X. 1—20.

Barometer, Extraordinary Depression of: Feb. 25, 1822

;

I. 453—458.

Beams and Elastic Rod.s, Theory of: Apr. 23, 1860;

X. 359—373.

Beaver, Fossil Remains of: JIarch 6, 1820; 1. 175—177.

Bernouilli's Numl>ers, Tables of, &c., &.C. : May 29,

18T1 ; xn. 384—391.

Biliary Secretion, Nature of : March 6, 1843 ; vm. 44

—19.

Bivalve, see Univalve.

Bode's Law, Extension of, to Satellites : Dec. 8, 1828;

in. 171—183.

Boltzmann, see Material points.

Boracic Acid, on the Crystals of: Nov. 30, 1829; ill.

865—367.
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Brachiopod, see Univalve.

Brazilian Topaz, Colour, Structure and Optical Pro-

perties of: May 6, 1822; n. 1—9.

Calculus of Functions, Notation employed in: May 1,

1820; I. 63—76.

Human, specimen of: Nov. 26, 1821 ; I. 347—349.

Cambridgeshire, On the Ornithology of : Nov. 28, 1825;

II. 287—324.

List of Reptiles found in: Feb. 22, 1830; ill.

373—381.

Cassius, Constituents of Purple Precipitate of : May 15,

1820; I. 53—61.

Cause and Effect, simultaneous or successive : March 14,

1842; VII. 319— 331.

Caustic, Intensity of Light near : May 2, 1836, March 26,

1838; VI. 379—402.

Ditto, Supplement to this memoir : May 8,

1848 ; vni. 595—599.

Chances, Some points in the Theory of : May 26, 1828

;

III. 141—154.

Chiasognathus Grantii, Description of: May 16, 1831;

IV. 209—217.

Clock Escapements : Nov. 27, 1848 ; viii. 633—638.

Improvements in: Feb. 7, 1853; is. 417—430.

Turret Remontoirs : Feb. 26, 1849; vill. 639—641.

Colours of Thick Plates: May 19, 1851; is. [147—

176.]

Combinations and Permutations: March 1, 1847; viii.

471—492.

Comet, Observations of Halley's : Dec. 11, 1837; vi.

493—506,

Composition of Forces, General Principles of : March 14,

1859; X. 290—304.

Gouic Section, Focus of: March 2, 1829; in. 185—190.

Consonances, Beats of Imperfect: Nov. 9, 1857; s.

129—145.

Continuity, Principle of, with reference to Analysis :

Dec. 7, 1846 ; vill. 429—440.

Co-ordinates, Six of a Line: Nov. 11, 1867; si. 290

—

323.

Curvilinear and Normal : May 22, 1876 ; sii. 455

—522.

Ditto, Ditto, May 7, 1877; sii. 531

—545.

Copper, Analysis of Phosphate of : JLarch 5, 1821 ; i.

203—207.

Cornwall, Fossil Shells: Feb. 16, 1838 ;.vi. 415—422.

Lizard District of : Apr. 2, May 7, 1821 ; i. 291—
330.

Primitive Ridge of: March 20, 1820; i. 89^146.

Crotalocrinus mgosus : Feb. 8, 1869; si. 481—484.

Crystalline Combinations, on their Classification, Nov.

13, 1826; II. 391—425,

Crvstallization of Water : March 5, 1821; I. 209—215.

Vol. XII.

Crystallized Meih'a, Propagation of Light in : May 20,

1839; vii. 121—140.

Ditto, Transmission of Light in: Feb. 13,

1837 ; VI. 323—352.

Ditto, Supplement: May 1, 1837; vi. 353

—360.

Crystals, Axes of Optical Elasticity in certain : Dec. 8,

1834; V. 431—4.38.

Position of Axes of Optical Elasticity in: March 21,

1836; VII. 209—215.

Planes of, on a Notation to designate: Feb. 11,

1826; II. 427—4,39.

as affecting Planes of Polarization : Apr. 17, 1820;

I. 43—52.

foimd in Slags: May 22, 1830; in. 417—420.

Variation in Tints developed by ; May 1, 1820

;

I. 21—41.

Cubic Cones and Curves: Apr. 18, 1864; xi. 129—141.

Cubic Ciu-ves, Involution of: Feb. 22, 1864; XI. 39

—80.
-^ Classification of : Apr. 18, 1864; XI. 81—128.

Surface, with 27 lines, by Dr Wiener: May 15,

1871 ; XII. 366—383.

Ciu-ve, Intrinsic Equation to: Feb. 12, 1849; vill. 659

—671.

Second memoir: Apr. 1.5, 18.50; is. 150— 156.

Rolling: Dec. 10, 1838; vii. 61—86.

of the Second Degree, General Equation to

:

Nov. 15, 1830; iv. 71—78.

Singular points of: May 21, 1855; is. 608—627.

Cyclas and Pisidium, on the British Species of: Nov. 28,

1831 ; IV. 289—312.

Cylindrical Tubes, Aerial Vibrations in : May 20, 1833

;

V. 231—270.

Decrement of Atmospheric Temperature: Feb. 13, 1837
;

VI. 443—455.

Definite Integrals, Inverse method of, with applications

:

March 5, 1832; iv. 353—408.

Ditto, Ditto, Ditto, Nov. 11,

18.33; v. 113—148.

Ditto, Ditto, Ditto, March 2,

1835 ; V. 315—393.

Numerical calculation of: March 11, 1850; is.

166—187.

Properties of: May 24, 1830; iii. 429—443.

Determinants, Theory of: Feb. 20, 1843; viii. 75—88.

Devonshire, Primitive Ridge of: Mar. 20, 1820; I.

89-146.

Differential Equations, Theory of : March 27, 1854; is.

515—554.

Supplement to this paper: Apr. 28, 1856; x.

21—26.

Diffraction, Dynamical Theory of: Nov. 26, 1849; ix.

1—62. -
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Diffraction, Ne^'ton's Esperiments on : May 7, 1833; v.

101—111.

of an Object-glass with Circular aperture: Nov. 24,

1834; V. 283—291.

Ditto, Ditto, Triangular Ditto: Dec. 12,

1836; VI. 431—442.

Digitalis, Hybrid: Nov. 14, 1831; iv. 257—278.

Discontinuous Constants, Use of: May 16, 1836; vi.

185—193.

Dispersion of Light, Hypothesis for: Feb. 22, 1836;

VI. 153—184.

Divergent Developments, see Arbitrary Constants.

Series: March 4, 1844; vill. 182—203.

Double-Sixer, Construction of: May 15, 1871; sii.

366—383.

Durham, see Yorkshire.

Earth and Planets, External Temperature of : March 21,

1855; IX. 628—672.

Earth, Theory of the Figure of; Oct. 16, 1871 ; sii. 301

—318.

Inequalities in the Surface of: Dec. 1, 1873;

XII. 414—433.

Ebenaceoe, Monograph of: March 11, 1872; xu. 27

—

300.

Elastic Beams, Deflection of, &c.: March 11, 1850; is.

[177—190.]

Impact of: Dec. 10, 1849; ix. 73—78.

Fluids, Vibratory Motions of: March 30, 1829

III. 269—320.

Medium, Effect of Vibrations on a Sphere

April 26, 1841 ; vii. 333—353.

Medium, Vibratory Motion of: March 15, 1847

vui. 508—523.

Rods, see Beams.

Solids, Motion of: Apr. 14, 1845; viii. 287—
319.

Electric Fluid, Equilibrium of Flmda analogous to

:

Nov. 12, 1832; v. 1—63.

Electricity, Origin of: Dec. 7, 1863; si. 6—20.

Electro-Magnetism, Development of by Heat : Apr. 28,

1823; II. 47—76.

Elevation of Mountains by Lateral Pressure : Apr. 27,

1868 ; SI. 489—506.

Elimination between Unknown Quantities: Nov. 26,

1832; V. 65—75.

Ellii>3oid, Centro-Siu-face of: March 7, 1870; XII. 319
—365.

Ellipsoids, Exterior and Interior attractions of: May 6,

1833 ; V. 395—429.

Endosmose and Exosmose, Explanation of: March 17,

1834; V. 205—229.

Equality, Sign of: May 16, 1864; xi. 145—189.

Equation, Algebraic, Proof of a root iu every : Dec. 7,

1857 ; X. 261—270,

Equation, Algebraic, Another proof: Dec. 6, 1858; x.

283—289.

Ditto, Supplement to this memoir : Dec.

12, 1859 ; s. 327—330.

relating to the breaking of bridges : May 21, 1849
;

viii. 707—735.

to a Curve, The Intrinsic: Feb. 12, 1849; viii.

659—671.

Ditto, Second memoir : is. 150—160.

General, to Surfaces of the second degree : Nov. 1 2,

1832; V. 77—94.

Integration of Partial differential : June 5, 1848

;

vni. 606—613.

Machine for resolving by Inspection : May 7, 1832

;

IV. 425—140.

Equilibrium of the Arch: Dec. 9, 1833; v. 293—313.

of Bodies in Contact : May 15, 1837 ; vi. 463—i91.

Molecular: March 26, 1838; vii. 25—59.

Erratic Blocks, Transport of: Apr. 29, 1844; viii.

220—240.

Errors of Observation, Theory of: Nov. 11, 1861; s.

409—427.

Escapements, Theory of: Nov. 26, 1826; iii. 105—128.

Exponents, Newton's method of: May 21, 1855; is.

608—627.

Extinct Lacertian Reptile, Traces of: April 11, 1842;

VII. 355—369.

Eye, Change in the State of: May 25, 1846; vin. 361

—362.

Defect in, and how cured: Feb. 21, 1825; ii.

267—271.

Further observations on: Feb. 12, 1872; sil.

392, 3.

Fauna and Flora of Madeira: Nov. 15, 1830; Iv. 1—70.

Figure assumed by a Fluid Homogeneous Mass

:

March 15, 1824; II. 203—216.

Finite Differences, Resolution of Equations in : Nov. 15,

1835; VI. 91—106.

Flora of Madeira, Notes and Gleanings : May 28, 1838

;

VI. 523—551.

Fluid Motion, on: March 21, 1836; vi. 203—233.

Ditto, On some cases of: May 29, 1843; vni.

105—137.

Ditto, Supplement to this memoir: Nov. 3,

1846; VUI. 409—414.

Fluids, Equilibrium of Certain: Nov. 12, 1832; v.

1—6.3.

General Equations of the motion of, &c., &c.

:

Feb. 22, 1830; in. 383-416.

Motion of Incompressible: April 25, 1842; vii.

439—453.

Theory of the motion of: v. 173—203.

in motion. Internal Friction of: Apr. 14, 1845;

vill. 287—319.
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Fluids, Effect on Pendulums of Internal Friction of:

Dec. 9, 1850; is. [8—106.]

Fluor Spar, Double Crystals of: Nov. 2G, 1821 ; i. 331

—342.

Foctis of a Conic Section : March 2, 1829 ; in. 185—190.

Force, Faraday's Lines of: Dec. 10, 1855, Feb. 11,1856;

X. 27—83.

Forces, Principles of the Composition of: March 14,

1859 ; s. 290—304.

Fossil remains of Beaver, fovmd in Cambridgeshire

:

March 6, 1820; I. 175-177.

Shells, New Geuus of: Feb. 26, 1838; vi. 415—
422.

Fre.sners Wave Surface, Equation to : May 18, 1835

;

VI. 85—89.

Functional Equations, Reduction of, to Equations of

Finite Diflfereuces : March 6, 1820; i. 77—87.

Galvanism, as connected with Magnetism : Apr. 2, 1821

;

I. 269—279.

Gas, Hydrogen, as a moving Power in Machinery

:

Nov. 27, 1820 ; i. 217—239.

on Sounds excited in : Apr. 2, 1821 ; I. 267, 268.

Gastric Fluids, Solvent eftect of, on the Stomach after

Death: Dec. 11, 1820; l. 287—290.

Hybrid Digitalis, Examination of: Nov. 14, 1831; iv.

257—278.

Hydrodynamical Theorem, Investigation of: May 9,

1842; VII. 455—164.

Hydrodynamics, New Fundamental Equation in

:

March 6, 1843 ; viil. 31—43.

Hyperbolic Law of Elasticity: March 11, 1850; ix.

[177—190.]

Hypotheses, Transformation of: May 19, 1851 ; ix.

[139—146.]

Ideas, Platonic Theory of: Nov. 10, 1856; x. 94—104.

Iliad and Odyssey, Late date, &c., &c., of: Nov. 26,

1866; XI. 360—386.

Induction, Aristotle's account of: Feb. II, 1850; ix.

63—72.

Infinite Angle, Sine and Cosine of: Dec. 9, 1844; viii.

255—268.

Series, Use of Discontinuous Constants in, &c.,

&c.: May 16, 1836; VI. 185—193.

Ditto, General Tei-m for a new Class of; May 3,

1824; II. 217—22.5.

Infinity, On: May 16, 1864; xi. 145—189.

Inscription, Metrical Latin, from Algeria: Feb. 13,

1860; X. 374—408.

Geodesy, Geometrical Formula; applicable to: Nov. 30, Integral Calculus, On some jMints of: Feb. 24, 1851

;

1835 ; VI. 107—140.

Geology, Researches in Physical: May 4, 1S35; vi.

1—84.

Geometry and Mechanics, Symbolical : March 15, 1847
;

VIII. 497—507.

Substitution of, for the doctrine of Proportions-:

Dec. 7, 1857 ; x. 166—172.

Gipping, Geology of the YaUey of: Feb. 27, 1854; ix.

431—444.

Glaciers, Motion of: May 1, 1S43; via. 50—74.

Ditto, Dec. 11, 1843; viii. 159—169.

Globe, Relative Quantities of Land and Water on

:

Feb. 13, 1837; vi. 289—300.

Going-Fusee, New Construction of: March 2, 1840;

Tii. 217—225.

Gravity, Variation of, at the Earth's Surface : Apr. 23,

1849 ; VIII. 672—695.

Great Orcle Sailing : May 10, 1858 ; x. 271—282.

Greek Literature, First Ages of written : Nov. 23, 1868

;

XI. 461—480.

HaUey's Comet, Observations of: Deo. 11, 1837; vi.

493—506.

Heat, see Motion of Particles.

Hegel's criticism of Newton: May 21, 1849; viii. 696

—706.

Homeric Tumuli: March 12, 1866; si. 267—276.

Human Monstrosity, Case of, with Commentary

:

May 16, 1831 ; rv. 219—255.

IX. [107—138].

Integrals, General Properties of Definite : May 24, 1830
;

in. 429—143.

Inverse method of, with Applications : March 5,

1832 ; IV. 353—408.

Internal friction of fluids: Apr. 14, 1845; viii. 287

—

319.

Involution, Theory of: Feb. 22, 1864; xi. 21—38.

Involution of Cubic Curves: Feb. 22, 1864; xi. 39—80.

Jaws, Growth of: Nov. 9, 1863; XI. 1—5.

Knowledge of Body and Sjjace: March 11, 1850; IX.

157— 165.

Laminated Pressiu'e of Rock Masses: May 3, 1847;

VIII. 456—470.

Land, see Globe.

Laplace, on his Theory of the Attraction of Spheroids :

May 8, 1826; n. 379—390.

Lapland, Arc of the Meridian measured in : May 1

,

1871 ; sii. 1—26.

Larynx, On the Mechanism of: May 18, 1829; iv.

323-352.

Latitude of Cambridge Observatory: Apr. 14, 1834;

V. 271—281.

Least Squares, Method of: March 4, 1844; vili. 204—

219.

Ditto, Ditto : May 29, 1865 ; si. 219-238.
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Light, Nature of, from the Double Refraction of

Quartz: Feb. 21, 1831; iv. 79—1-23.

Xature of, from the Double Refraction of Quartz

:

Apr. 18, 1831 ; iv. 199—208.

on the Dispersion of: Feb. 22, 1836 ; vi. 153—184.

Transmission of, in certain Media : Feb. 13, 183"
;

VI. 323—352.

Ditto, Supplement: May 1, 1837; vi.

353—360.

Intensity of, near a Caustic : ilay 2, 1836,

March 26, 1838 ; vi. 379—402.

Ditto, Supplement to this memoir : May 8,

1848; vin. 595—599.

Reflection and Refraction of, &c. : Dec. 11, 1837;

\ai. 1—24.

Ditto, Supplement to this memoir : May 6,

1839; VII. 113—120.

Propagation of, in Crystallized Media : May 20,

1839; VII. 121—140.

—— Quantity of, &c., absorbed by a Grating placed

before a Lens: March 30, 1840; vii. 153—171.

Reflection and Refraction of: Nov. 28, 1842;

VIII. 7—26.

Absorption of, &c.: Feb. 14, 1843; viii. 27—30.

Transmission through Transparent media : May
17, 1847 ; vni. 524—532.

Polarized: Dec. 8, 1851; IX. 379—398.

Lines of Force, Faraday's: Dec. 10, 1855, Feb. 11, 1856;

s. 27—83.

I.i.iuid Substratum of the Earth, Theory of: Feb. 22,

1875; XII. 434—454.

Lizard district of Cornwall, Physical Structure of:

Apr. 2, May 7, 1821 ; i. 291—330.

Logic, in general: Feb. 8, 1858; x. 173—230.

of Relations: Apr. 23, 1860; x. 331—358.

Symbols of, &c., &c.: Feb. 25, 1850; IX. 79—127.

Longitude of Cambridge Observatory : Nov. 24, 1828

;

III. 155— 170.

Ditto, Ditto, May 15, 1854;

IX. 4S7— 514.

Luminiferoua Ether, Constitution of: Marcli 18, 1839;

VII. 97—112.

Luminous Rays, Theory of: March 11, 1846; vni.

363—378.

Vibrations, Theory of: March 6, 1848; viii. 584

—594.

Waves, Propagation of: April 25, 1842; vil. 397

—437.

Machine for resolving Equations : >fay 7, 1832 ; iv.

425—440.

Machinery, Influence of, on the Wealth of a Com-

munity: May 14, 1838; vi. 507—522.

Madeira, Fauna and Flora of: Nov. 15, 1830; iv. 1- 70.

Fi.4hesof: Nov, 10, 1834; vi. 195—201.

Madeira, Flora of. Notes and Gleanings : May 28, 1838 ;

VI. 523—551.

Magnetic Intensity, observed Variations of: 1825; li.

445.

Needles, a.s affected by Masses of Iron : May 15,

1820 ; I. 147—173.

Magnetism, Connection of, with Galvanism : Apr. 2,

1821 ; I. 269—279.

as a Measure of Electricity: May 21, 1821; I.

281—286.

evolved by a single Galvanic Combination, Ex-

tract from Memoir on: Nov. 25, 1822; ll.

77—8.3.

Magnitude and Direction, Pure Science of: May 12,

1845 ; VIII. 278—286.

Material points. Energy in a system of : May 6, 1878

;

XII. 547—570.

Mathematical Reasoning, Influence of Signs on : Dec. 16,

1821 ; II. 325—377.

Matter, Demonstration that it is heavy : Feb. 22, 1841
;

VII. 197—207.

Remarks on the Theory of: May 22, 1848; viii.

600—605.

Mechanics and Geometry, Connection between : Feb. 10,

1845; VIII. 269—277.

Microscope, Improvement of: March 22, 1830; in.

421—128.

Mirrors and Object-Lenses, Apparatus for Grinding :

Dec. 11, 1822; II. 85—103.

Use of Silvered Gkiss for: Nov. 25, 1822; ll.

105—118.

Molecular Equilibrium : March 26, 1838; vil. 25—99.

Moastrosity, Himian, Case of: May 16, 1831 ; iv. 219

—255.

of the Common Slignionette : May 21, 1832; v.

95—100.

Motion of Fluids, on the : Nov. 24, 1828 ; ill. 383—416.

. . Ditto, Ditto, March 3, 1834; v. 173—203.

of Fluids, Diflereutial Equations to: April 11,

1842; VII. 371—396.

^— Incompressible: April 25, 1842; vil. 439—153.

Truth of the Laws of: Fob. 17, 1834; v. 149—

172.

of Particles, as affecting Sound and Heat : May 16,

1836 ; VI. 235—288.

of Waves in a small Canal: May 15, 183"; vi.

457—462.

of Waves in Canals: Feb. 18, 1839; vii. 87—95.

Motive Power, Hydrogen Gas as a: Nov. 27, 1820;

I. 217—239.

Mountains, Elevation of, by Lateral Pressure : Apr. 27,

1868 ; XI. 489—506.

Second memoir: Feb. 22, 1875; Xll. 434—454.

Music in Education, place of, according to Aristotle :-

May 17, 1875; XII. 523—530.
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Natron, remarkable deposit of: Nov. 27, 1820; I. 193

—201.

Natterjack, Habits aud Character of: Feb. 22, 1830;

III. 373—381.

Neptune, se^ Uranus.

Neutral Series, Theory relating to: May 16, 1864; xi.

190—202.

Ditto, Note on this paper ; Oct. 26, 1868 ; xr.

447—160.

Newton's method of Co-ordinated Exponents : ilay 21,

1855 ; IX. 608—627.

Experiments on Diftraction: May 7, 1833; v.

101—111.

Principia, Criticism of: May 21, 1349; viii. 696

—706.

Rings, Remarkable change in: Nov. 14, 1S31

;

IV. 279—288.

On some Phenomena of: March 19, 1832;

IV. 409—424.

Central spot of: Dec. 11, 1848; viii. 642

—658.

See Hegel.

Non-Residence of Landlords, Influence of: March 16,

1840; VII. 189—196.

Notation employed in the Calculus of Functions : May 1,

1820 ; I. 63—76.

Algebraic : Nov. 12, 1827 ; ni. 65—103.

to designate the Planes of Crystals: Feb. 11,

1826 ; II. 427-^439.

a New, in Geometry, &c., &c.: Nov. 23, 1846;

vin. 415—428.

Numbers, Partition of: March 1, 1847; viii. 471—i92.

Object-Glass with circular aperture, Diffraction in

:

Nov. 24, 1834; v. 283—291.

with triangular aperture, Difiraction in : Dec. 12,

1836; VI. 431—442.

Achromatic, Correction for: Apr. 30, 1838; vi.

553—564.

Observatory at Cambridge, Longitude of: Nov. 24,

1828; m. 155—170.

Ditto, Latitude of: Apr. 14, 1834;

V. 271—281.

Ditto, Longitude of, by Galvanic

Signals: May 15, 1854; ix. 487—514.

Odyssey, see Iliad.

Onymatic System, on various points of: May 4, 1863;

X. 428--i87.

Optical Elasticity, Axes of in certain Crystals : Dec. 8,

1834; V. 431—438.

Ditto, Ditto, (second memoir) : March 21,

1836; vn. 209—215.

Orbits of great Excentricity, Position of their Apsides

:

Apr. 17, 1820; i. 179—191.

Ordnance, Strains upon: Apr. 18, 1864: xi. 324—359.

Ornithology of Cambridgeshire: Nov. 28, 1825; ii.

287—324.

Oscillations, on small Finite: May 15, 1843; viii. 89

—104.

of a suspension Chain: Dec. 8, 1851; ix. 379

—

398.

Oscillatory Waves, Theory of: ^L^rch 1, 1847; viii.

441—455.

Parallelogram of Forces : New Demonstration of : Apr.

14, 1823; u. 45—46.
Partial differential Equations, Method of integrating

:

June 5, 1848; viu. 606—613.

Pendulum, Correction of, by a Ball suspended by a

wire : Nov. 16, 1S29 ; ill. 355—360.

Pendulums, Disturbances of: Nov. 26, 1S26; ill. 105

—

128.

Effect of Internal Friction on: Dec. 9, 1850; ix.

[8—106.]

Percu-ssion, Experiments on : 1825 ; il. 444.

Periodic Series, Critical Values of: Dec. 6, 1847; viii.

533—583.

Perpetual Motion, How possible: Dec. 14, 1829; iii.

369—372.

Perspective, Isometrical: Feb. 21, Mar. 6, 1820; i.

1—19.

Philosophy, Fimdamental Antithesis of: Feb. 5, 1844;

viii. 170-181.

Second memoir: Nov. 13, 1848; vni. 614—620.

Phosphate of Copper from the Rhine : March 5, 1821

;

I. 203—207.

Physical Geology, Researches in : May 4, 1835 ; vi.

1—84.

Piscidiimi, see Cyclas.

Piscium Maderensium Species, &c., &c. : Nov. 10, 1834

;

Ti. 195-201.

Planets, see Earth.

Plato's Survey of the Sciences: Apr. 23, 1855; is.

582—589.

Notion of Dialectic : May 7, 1855 ; ix. 590—597.

Ditto, of the Intellectual Powers : Nov. 12, 1855;

15. 598—604.

Genuineness of the Sophista of: Nov. 23, 1857;

s. 146—165.

Cosmical system: Feb. 28, 1859; x. 305—316.

Platonic Theory of Ideas; Nov. 10, 1856; x. 94—104.

Plumbago, on the artificial formation of: Feb. 21, 1825

;

n. 441^43.

Polarity, Organic: March 8, 1858; X. 248—260.

Polarization, Use of a new Analyzer in : March 5, 1832

;

rv. 313—322.

Polarized Light, Certain effects in Crystals exposed to

:

May 1, 1820; i. 21—11.

Ditto, as affected by Rotation : Apr. 1 7,

1820 ; I. 43—62.
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Polarized Light, Composition and Resolution of:

Feb. 16, March 15, 1852; ix. 399—416.

Political Economy, Mathematical discussion of: March

2, 14, 1829; III. 191—230.

Ditto, as expounded by Eicardo. First

memoir: Apr. 18, May 2, 1831; iv. 155

—

198.

Ditto, Mathematical Theory of, Second

memoir: Apr. 15, 1850; ix. 128—149.

Ditto, Ditto, Third memoir: Nov. 11,

1850; IS. [1—7.]

Potassium, Apparatus for procuring : Nov. 26, 1821

;

I. 343—345.

Pressure on a flat Plate opposed to a Stream of Air

:

Apr. 21, 1828; III. 129—140.

Primitive Ridge of Devonshire and Cornwall : March 20,

1820; I. 89—146.

Probabilities, Question in the Theory of: Feb. 26, 1837

;

VI. 423—430.

Foundation of Ditto: Feb. 14, 1842; vm. 1—6.

Fundamental principle of the Theory of: Nov. 13,

1854; IX. 605—607.

Proportions, see Geometry.

Propositions numerically definite: March 16, 1868;

XI. 396—411.

Purbeck Strata of Dorsetshire: Nov. 13, 1854; is.

555—581.

Quartz, Nature of the Light produced by : Feb. 21,

1831 ; IV. 79—123.

Ditto, Ditto, Ditto, Apr. 18,

1831 ; IV. 199—208.

Railway Accidents, Causes of Fatal, &c. : Nov. 29, 1841

;

\-ii. 301—317.

Railway Bridges, Equation relating to their breaking

:

May 21, 1849; vill. 707—735.

Rainbow, Problem of, Mathematically considered

:

Dec. 14, 1835; VI. 141—152.

Rainbows, Spiu-ious : March 22, 1841 ; vii. 277—286.

Reed Organ Pipes: Nov. 24, 1828, March 10, 1829

III. 231—262.

Heflection and Refraction of Light: Dec. 11, 1837

VII. 1—24.

Supplement to this memoir: May B, 1839

VII. 113—140.

Ditto, Ditto, &c.: Nov. 28, 1842

VIII. 7—26.

Ucfraction, Theory of Double: May 17, 1847; vili.

524—532.

llicardo, see Political Economy.

Rock Masses, Internal pressure of: May 3, 1847; viii.

456—470.

Rocks, Weathering of: March 2, 1868; si. 387—395.

Root of any Function : May 7, 1866; XL 239—266.

Root-limitation, Cauchy's Theorems of: Feb. 16, 1874;

xii. 395—414.

Rotatory Motion of Bodies: May 6, 1822; ii. 11—20.

Secular Cooling of the Earth: Dec. 1, 1873; sil. 414

—433.

Series, on Divergent : JIarch 4, 1844 ; vili. 182—203.

Critical Value of Periodic : Dec. 6, 1847 ; viii.

533—583.

Niunerical calculation of Infinite : March 11, 1860

;

IS. 166—187.

Self-repeating: May 15, 1854; IS. 471—486.

Theorem on Neutral : May 16, 1864 ; XI. 190—202.

Ditto, Part II.: May 7, 1866; si. 239—266.

Note on Ditto: Oct. 26, 1868; xi. 447—460.

Sextic Torse, On a certain: Nov. 8, 1869; si. 507

—

523.

Shells, Occurrence of, in Gravel; Apr. 30, 1838; vm.
138—140.

Signs, Influence of, in Mathematical Reasoning : Dec. 16,

1821 ; II. 325—377.

-r and -, Early History of: Nov. 28, 1864; XI.

203—212.

Note on this Memoir : Feb. 13, 1865 ; xi. 213—218.

Skew Surfaces, or Scrolls : Nov. 11, 1867 ; xi. 277—289_

Slags, Crystals found in : March 22, 1830 ; III. 417—420.

Solid Bodies, Vibrations of: Apr. 18, 1864 ; XI. 324—359.

Solitary Waves, Mathematical Theory of: Dec. 8, 1846
;

VIII. 326—341.

Solon, Statue of: Feb. 22, 1858; x. 231-239.

Sound, Experiments on the Velocity of: Dec. 8, 1823;

II. 119—137.

see Motion of Particles.

Reflection and Refraction of: Dec. 11, 1837;

VI. 403—413.

Spar-Fluor, Double Crystals of: Nov. 26, 1821; I.

331—342.

Spermaceti Whale, account of: May 16, 1825; ii.

253—266.

Sphere, Motions of, acted on by Vibrations of an Elastic

Medium: April 26, 1841 ; vii. 333—353.

Spherical Aberration in Eye-pieces of Telescopes : May
14, 21, 1827; in. 1—63.

Spheroids diftering little from a Sphere, on Laplace's

Theory of: Jlay 8, 1826; ii. 379—390.

Squares, Method of Least: March 4, 1844; vm. 204

—219.

DitU), I)itt<i : May 29, 1865; SI. 219—238.

Suffolk, sec Gippiug.

Surfaces of the second degree. Equation to: Nov. 12,

1832 ; v. 77—94.

Transformation of, by Bending: March 13, 1854;

IX. 445—470.

Suspension Chain, Oscillations of: Dec. 8, 1851 ; is.

379—398.



II. INDEX OF SUBJECTS. XV

Switzerland, Tertiary Formations of: May 20, 1839

vil. 141—152.

Syllogism, Theory of the structure of: Xov. 9, 1846

VIII. 379—408.

Ditto, Ditto,

IX. 79—127.

Ditto, Ditto,

X. 173—230.

Ditto, Ditto,

X. 331—358.

Ditto, Ditto,

X. 428—487.

Symbolical Geometry and Mechanics: March 15, 1847

VIII. 497—507.

Pt. II.: Feb. 25, 1850

Pt. III.: Feb. 8, 1858

Pt. IV.: Apr. 23, 1860

Pt. v.: May 4, 1863

Tertiary Formations of Switzerland: May 20, 1839;

vn. 141—152.

Testimony, Measure of Force of: Nov. 27, 1843; viii.

143—158.

Theory of Probabilities, Question in : Feb. 26, 1837

;

VI. 423—430.

Topaz, see Brazilian Topaz.

Transcendental Equations, Machine for resolving: May 7,

1832; IV. 425—440.
Trap Dykes in Yorkshire and Durham : May 20, 1822

;

II. 21—44.

Rocks, as associated with Mountain Limestone

:

May 12, 1823: March 1, 15, 1824; ll. 139—
195.

Trinomial, Resolution of a certain: Nov. 9, 1868; XI.

426—443.

Note on this memoir: Nov. 23, 1868; si. 444,

445.

Trireme, Structure of the Athenian: Nov. 6, 1856;

X. 84—93.

Tumuli, Homeric: March 12, 1866; xi. 267—276.

Undulations, Theory of, applied to Luminous Waves

:

May 25, 1846; viii. 371—378.

Univalve, Relations of, to the Bivalve, and to the

Brachiopod: Feb. 8, 1869; si. 485—488.

Uranus and Neptune, Long Inequality of: 1852; ix.

Appendix.

Ureters, Dilatation of: Nov. 12, 1821 ; I. 351—358.

Velocities, &c., referred to Moveable Axes : Feb. 25,

1856; X. 1—20.

Velocity of Sound, Experiments on: Dec. 8, 1823; ll.

119—137.

Vibrations in Cylindrical Tubes: May 20, 1833; v.

231—270.

Theory of Luminous: March 6, 1848; viii. 584

—

594.

of Solid Bodies : Apr. 18, 1864; si. 324—359.

Vibratory Motion of Elastic Medium : March 15, 1847
;

VIII. 508—523.

Virtual Velocities, Demonstration of their principle

:

March 21, 1825; II. 273—276.

Vision, Peculiar defect in: Nov. 9, 1846, May 17, 1847;

vni. 493—496.

Volimtary Muscles, Abnormities in : March 8, 1858 ; x.

240—247.

Vowel Soimds, On the : Nov. 24, 1828, March 16, 1829

;

III. 231—268.

Water, Crystallization of: March 5, 1821 ; I. 209—215.

see Globe.

Wave Surface, Equation to Fresnel's: May 18, 1835;

VI. 85—89.

Waves, Motion of, in a small Variable Canal: May 15,

1837 ; VI. 457—462.

in Canals, Motion of: Feb. 18, 1839; vii. 87—95.

Theory of the two great Solitary: Dec. 8, 1845;

VIII. 326—341.

Wealth of a Community, Influence of Machinery on

:

May 14, 1838 ; vi. 507—522.

Ditto, Effect of Non-Residence of

Landlords on: March 16, 1840; vii. 189—196.

Weathering of Rocks : March 2, 1868 ; si. 387—395.

Wheels, On the Forms of the Teeth of: May 2, 1825;

II. 277—286.

Wiener, see Cubic Surface.

Winter Solstice, Ancient Observation of: Nov. 30, 1829

;

III. 361—363.

Written Greek Literature, First Age of: Nov. 23, 1868

;

XI. 461—480.

Yorkshire and Durham, Trap Dykes in : May 20, 1822

;

II. 21-
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