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(Plates I.-IV.)

The theory most widely accepted as to the origin of the Dexter breed of

cattle is the one set forth in Professor David Low's Domesticated Animals of

the British Islands, published in 1845. Low writes that the breed " was

formed by the late Mr. Dexter, agent to the late Maude Lord Hawarden.

This gentleman is said to have produced his curious breed by selection from

the best of the mountain cattle of the district. He communicated to it a

remarkable roundness of form and shortness of legs. The steps, however,

by which the improvement was effected have not been sufficiently recorded
;

and some doubt may exist whether the original was the pure Kerry, or

some other breed proper to the central parts of Ireland now unknown, or

whether some foreign blood, as the Dutch, was not mixed with the native

race."

The facts that there are other theories rivals to Low's, that Low himself

cites no authorities, that he is doubtful whether the method attributed to

Dexter was the one he actually employed, and that, by referring to Dexter

as " the late Mr. Dexter," and indicating thereby that he believed the breed

SCIENT. PROC. K.D.S., VOL. XII., NO. I. B



3 Scientific Proceedings, Royal Dublin Society.

to have been of comparatively recent origin, suggest that his whole statement

should be subjected to examination.

Two of the rival theories have a strong resemblance to Low's, in so far

as they attribute the origin of tlie breed to other men called Dexter : one

of tliem a steward (o the Kniglit of Kerry on Yalencia Island, the other a

coastguard officer resident in Kerry. The former of these theories may be

dismissed at once, as the existence of Dexter the steward on Valencia would

be very difficult to prove. As will be seeu later, this theory arose because

there was need for something more likely than the coastguard theory, which

itself had arisen because it seemed more reasonable tliau the one recorded

by Low.

There is this mucli in the second theory that the individual concerned

was not a myth. He was a retired naval officer who came to Kerry about

1832, and died tliere about 1858. But, according to his daugliter, a lady

now residing in Dublin, he never had anything to do with cattle. He used

to tell, however, that it was his grandfather who brought tlie Dexter cattle

into existence; and he iiad the idea that they were brought over from

England.

The coastguard officer's grandfather, the original Mr. Dexter, was an

Englisliman wlio came over from Gloucester or Somerset about the middle of

the eighteenth century to be agent on a nobleman's estate in Tipperary.

He had a sou who became a lawyer in Tipperary; and one of this lawyer's

sons entered the navy, from which he retired about 1832, and entered the

coastguard service, as stated above.

Low identifies the nobleman with whom Dexter took service as Lord

Hawarden, afterwards Lord de Montalt, whose property lay just north of

Tipperary town ; and in his Tour in Ireland, published in 1780, Arthur

Young gives us two glimpses of Dexter himself :

—

" Mr. Dexter of Gullen liad a ram .... and great number of ewes

sent to him, the breed much improving " ;' and " There have been many
English bulls introduced for improving the cattle of the country at a

considerable expence, and great exertions in the breed of sheep ; some

persons, Mr. Dexter chiefly, have brought English rams, which they let out

at seventeen guineas a season, and also at lO.s. 6rf. a ewe, which indicates a

spirited attention."^

Unfortunately these glimpses leave us in doubt about Dexter's position

as a breeder of cattle; but had he been noted as such, and especially as a

breeder of animals so remarkable as the Dexter, it would hardly have

escaped the notice of an observer and inquirer like ArtJuir Young.

1 Volume ii., page 15S. 2 Ibid., ii., page 261.
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We are, therefore, forced to look elsewhere for evidence of Mr. Dexter's

connexion with the breed that bears his name ; and it must be confessed

that the evidence against the theory that Dexter originated the breed, as

well as against the method which Low says he was believed to have

employed, is very strong.

The chief arguments against the Dexter theory of origin are these :^

(i.) Dexter's name is not mentioned in connexion with any breed of

cattle by any writer previous to Low. Youatt's Cattle was published in

183-1 ; Wakefield's Account of Ireland in 1812 ; and the Statistical Surveys of

the Irish counties were published in the first years of the nineteenth century;

yet, though Kerry cattle and cattle of Dexter type are occasionally

mentioned, tliere is no mention either of Mr. Dexter or of Dexter cattle.

Unfortunately, though the Survey of Tipperary was begun, it was never

finished.

(ii) Cattle of Dexter type are recorded not only in Kerry but in other

parts of Ireland too early and too distant from Tipperary to be traceable to

Mr. Dexter. Touatt' records tliem ia Wicklovv in 1831, Sampsou* records

them in Derry iu 1815, WakefiehP records them in Cork in 1814, and Tiglie,

in his Survey of Kilkenny,*' published in 1802, tells of Kerry cattle coming

to Kilkenny, and makes special reference to a bull which is a Dexter rather

than a true Kerry :
—" The Kerry cows are often driven into this country for

sale ; they are preferred in Dairies for their quantity of milk, as well as for

the low price they bear even compared with their diminutive size. ...

Their size often does not exceed a moderate sucking calf ; when put on good

grass, they fatten in a greater degree than the cattle of the country. . . .

Their shapes are often very good ; a bull of this breed, exhibited at Durrow

in July last, was allowed to be nearly perfect in his points." A quotation

from Arthur Young" shows that, even in his day (1776J, there were at least

two types of cattle in Kerry, and suggests that one of them was the Dexter

as we now know it :
—" The poor people's lieifers sells at three years old at

30s. ; their breed is the little mountain, or Kerry cow, which upon good land

gives a good deal of milk. I have remarked, as I travelled througli the

country, much of the Alderney breed in some of them."

(iii) Wakefield*^ not only speaks of two kinds of cattle on tlie borders

of Kerry, but tells how cattle of Dexter type were produced : " In the

' Cattle: their Breeds, Management, and Diseases, 1834, p. 185.

^ Survey of Londonderry, p. 205. ^Account of Ireland, vol. i., p. 336.

^Survey of Kilkenny, 1802, p. 309. 'A Tour in Ireland, me -19 {11 80), vol. ii.,

^ Account of Ireland, \o\. i., p. '6S6. 11.86.

B 2
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mountainous parts towards the south-west of this county (Cork), the Kerry-

breed of cattle is found ; but by frequent crossing with the long-horned, they

have produced a small bi-eed which has nearly the same character."

It is still possible, of course, that Dexter may have bred or owned cattle of

Dexter type ; but, if he did so, it is very improbable that they found their way

from Tipperary to Kerry, the soui'ce of tlie modern Dexters. In Dexter's

times the movement of Kerry cattle was in the opposite direction, and the

tendency was to improve the old Irish cattle by crossing them with English

breeds: the Longhorns in great numbers with some Herefords and Devons

and a fevsr of the breed we now call tlie Shorthorn. It must be remembered

also that Dexter was an importer of English sheep—Leicesters—and that, if

he became concerned in cattle, it was much more likely to have been in

one of the English breeds.

The arguments against the method attributed to Dexter are still more

convincing. He " is said to have produced his curious breed by selection

from the best of the mountain cattle of the district. He communicated to it

a remarkable roundness of form and shortness of legs."' Tlie original

Kerry breed was light in the body and long in the leg—Low's statement is

itself evidence of that—but to have brouglit a breed that was light-bodied

and long-legged down to another that was stout-bodied and short-legged by

simple selection within fifty or even a hundred years is a thing we now

know, since the significance of Mendel's discovery has been realized, to be

highly improbable, if not altogether impossible.

Before we can clear up the question we must look into the history and

character of the Irish cattle themselves and of the cattle that were imported

from time to time.

The Kenies are all that are now left of the race that at one time inhabited

the whole island, but which have been gradually pushed out by imported

cattle. The dates of the importations cannot be fixed with accuracy. Among

the skulls dug from the Dunshaughlin crannog, the date of which is fixed about

the ninth century,' Sir William Wilde identified four different types—viz., a

straight- iiorned, a curved-horned, a short-horned, and a hornless. It may

be doubted whether Sir William was justified in separating these first

two types from one another. It might be maintained that they were only

such variations as might be acquired by individuals of a pure-bred race. In

any case, the presence of the hornless type suggests that there was already a

mixing of breeds in the neighbourhood of Dunshaughlin. If there were

' Low's Domesticated Animals 0/ the British Isles, 1845.

- Proceedings of the Koyal Iiish Academy, vol. vii., p. 58.
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immigrants, and if they came from Wales, or England, or Scotland, the

mixture consisted of branches of tlie same black Celtic race, since it is very

unlikely that Anglo-Saxon cattle readied Wales or the north-west of England

early enough to affect the cattle of the Dunshaughlin crannog. But if

Anglo-Saxon cattle were carried to Ireland in these early times, they were

of the same race as the great importations of the seventeentli and eighteenth

centuries. If the immigrants were of Norse origin, as the hornless skulls

would suggest, then they must have been few in number ; for otherwise,

since the hornless character in cattle is dominant over the horned, there would

have been a far larger proportion of polled cattle in Ireland in later times.

The importations that swept out the black race of cattle are of com-

paratively recent date, and are to be connected with human immigrations

from the other side of tiie Channel. There have been three great immigra-

tions: the first, a result of Strongbow's invasion ; the second, tiie Englisli

"plantations" of Elizabethan and subsequent times; and the third, the

Jacobean " plantation " of Ulster.

There are no records to show that the first and last of these immi-

grations were followed by importations of cattle ; but it is usual for colonists

to be accompanied or followed by their live stock, and there is evidence that

this happened in the soutli of Ireland by reason of the large number of

cattle there similar in colour and type to the red Saxon cattle of the south-

west of England, the district from which most of Strongbow's colonists

migrated and from which they sailed. It is also probable that the Ulster

colonists brought some cattle with them ; but these cattle could have effected

very little change, since they were of the same race as the cattle already

in Ireland.

But there are records to show that the Elizabethan and subsequent

plantations were followed by importations from England. In 1611, the

Government made the following regulations' :—" Eor 2000 acres, and so

rateably the undertaker for the first year may carry^ 20 cows, 2 bulls,

and 20 young store cattle; 100 ewes and 6 rams; 20 mares, horses, and

colts ; and as many swine as he will (not exceeding 10)."

At the time of Arthur Young's visit^ (1776-79), the bulk of the cattle

on the Irish plain were not only descended from imported English Longhorns,

but were Longhorns in type. The native cattle had been crossed so often

that most of them had lost their original character, and the others were

losing it. A similar change had taken place in the more fertile districts

' Irish State Papers. ^ That is, may import.

' See Young's Tour in Ireland, op. oil.
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branching north and south from the great plain, while, even in the less

fertile parts of the country, the transition had well begun. For instance,

Lord Massereene had imported Longhorns to Antrim as early as

1735.'

Arthur Young reports having seen at the Ai'chbishop of Armagh's in

the North and at Lord Doneraile's in the South some of the breed we

now call the Shorthorn which was soon to take the Longhorn's place in

driving out the native cattle, and eventually to drive out the Longhorn

itself. He reports liaving also seen a few Herefords and Devons, and later

writers speak of the increasing importation of Devons, Herefords, and

Shorthorns, especially Shorthorns.

The preference for the English breeds was so great that the old native

race existed pure only in a few districts—indeed, its character had been

forgotten in many—and, by the middle of the nineteenth century, it was

practically extinct in all but its last strongholds—Kerry and Donegal.

What were the characters of the native cattle on the one hand, and of

the imported cattle on the other ?

Unfortunately we have no statement as to the colour of the original

Irish cattle that can be taken with absolute confidence. Tlie earliest state-

ment is " in a letter written in 1580 and preserved in the Record Office

among the Lish mss. Sir Nicholas White, Master of the Rolls in Ireland,

says :— . . .
' The native cattle were black'^.' '' But there are no further

references to the subject till the beginning of the nineteenth century. The

majority of the writers of that date say that the native cattle were black,

but some assert that there were other colours, namely, red, brindle, and

also black with white markings on the body, on the head, and along the

back. In connexion witli this point, however, it must be remembered that

the native cattle were pure only in a few places by the beginning of the

nineteenth century ; that many cattle bearing these other colours and

markings had already been brought into the country ; and that few of the

writers referred to were able to discriminate between the pure native cattle

and others that had been crossed for generations. Tliere is, however, other

evidence to show that the native Irish cattle were black. The proof is not

absolute ; but it is such that any other theory is scarcely possible. Let us

summarize it :

—

(a) The native Irish cattle were of the same race as the native Celtic

cattle of great Britain.

' Dubourdieu's Hnrvey of Antrim, 1S12.

^ Houseman and Sinclair's Sistory of the Devon Breed of Cattle, p. 21.
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(6) In Ireland and in those parts of Britain occupied till two centuries

ago by Celtic cattle, all cattle were referred to as " black cattle
"

down almost to recent times. This was to distinguish them from

horses.

(c) The Celtic cattle in Britain, that is in Wales, the north of England,

and Scotland were described by early (sixteenth- and seventeenth-

century) writers as black.

(d) In parts where the Celtic cattle liad been least crossed, they are

almost invariably black, e.g., in the north-east of Scotland,

Gralloway, Wales, and Kerry.

(e) Tliere is very little difficulty in breeding all our black breeds true to

colour : the Kerries themselves, for instance.

(/) Had the Irish cattle or any other of the Celtic breeds deviated from

black, such descriptions as " white-faced," " pyed," " ilecked," or

" brindled " would have been applied to them.

(g) The appearance of other marks and colours than black can be

accounted for through the presence of intruding breeds.

The imported cattle were of various colours. The Devons were whole-

coloured reds, but the three other breeds were combinations of two or more

colours. They came from that part of England which was a jumble of breeds

and races.

Till Roman times the cattle in England were all of the black Celtic

race. White cattle were introduced by the Romans. Tliese two races

were driven into Wales and the north of England by Anglo-Saxon red

cattle. Several centuries ago many red and white cattle, closely akin

to tlie first imported Anglo-Saxon red cattle, were brought over from

the Low Countries to the eastern and midland counties, splitting, as

it were, the Romano-Celtic cattle in the north from the red Anglo-

Saxon cattle in the south, and uniting with them on both sides.

These imported cattle were generally red and white-flecked, like red and

white Sliortliorus ; but some were white-faced, like the Herefords, wliile

others had a white stripe along the back and anotlier along the under-line.

The relatives of them all may be seen in Holland and Germany at tlie

present day.

Out of this jumble emerged the three large breeds that were imported to

Ireland, the Longhorns, the Shorthorns, and the Herefords. The Longhorns

were some kind of red roan or brindle, with white streaks above and below,

and sometimes with white faces ; tlie Shorthorns were red or red-and-white.
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roau, and white, while the Herefords, whicli at one time were all red, had

begun to acquire their present white markings ere they came to Ireland.

These being descriptions of the imported cattle, let us see the kinds of

cattle that were then produced when tliey were crossed with the natives.

But, before doing so, let us consider the colours the importations ought to

have produced when crossed with black cattle. Two of the four imported

breeds are still used for crossing with black cattle in Ireland and Britain,

and the colours they produce are as follows :

—

(i.) Shorthorns.—(«) First crosses with black cattle and red or red-and-

white Shortliorns are black.

(h) First crosses with roan Shorthorns are either black or blue-roan.

(c) First crosses with white Shorthorns are blue-roan.

We need only consider first crosses, because, if these are bred together or

with either parent-race, no new colours are likely to emerge, although colours

and markings of either race may be transferred to their descendants.

(ii.) Herefords.—First crosses with the Hereford are black with white

faces. This is a peculiar phenomenon : the black of the black cattle is

dominant over the red of the Hereford, while the white face of the Hereford

is dominant over the black face of the black cattle.

(iii.) Demns.—Devons are not often crossed with black cattle ; but as

they are the same race as other southern English red breeds, their first crosses

with black cattle ought to be black. The few crosses the writer lias seen are

black.

(iv.) Longhorns.—Longhorns are now very few in number, and are

seldom, if at all, crossed with black cattle. If they were, their progeny can

be indicated by other crosses. Some of tlie Longhorns were perhaps roans,

most were reds and brindles, and nearly all had tlie white streak down tlie

back.

(a) If the Longhorn roans were a similar mixture to the Shorthorn roans,

then their first crosses with black cattle would be either black or blue roans.

(b) If the roans of the Longhorns were produced by crossing black and

red races—it is nut asserted that they were—then the first crosses would, in

all probability, have been black. Some may have been red.

(c) Among Highland cattle, brindles are crossed with black, and tlieir

progeny are blacks, reds, and brindles. The brindle of the Longhorns had

a similar origin to that of the Highlanders ; and when Longhorns were

crossed with black cattle, their first crosses would probably have been blacks,

reds, and brindles.
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(d) The white streak along the back is now almost extinct, excepting

among the Longhorns. At one time it was very common in the western

English midlands and in the south-east of Wales. It is still common in

some parts of Germany. It was, and still is, a well-defined characteristic ; and

from its having been so widespread, and having persisted so long, it may be

taken as a Mendelian character, like the white face of the Hereford. There-

fore when Longhorns were crossed with black cattle, this black stripe would

have come out in the first crosses.'

Let us now quote some descriptions of the cattle in those parts where

the natives were being crossed by imported cattle, but were not yet entirely

swept out.

Sampson,^ in his Survey of Lonclonderrij (1802), writes :
—" I observe two

varieties of native cows ; the one is light in tlie bone, small in size, extremely

active, crooked in the ham, with a good eye and sharp nose, and nice thin

neck, a crooked horn, frequently turned upward. This strain is generally

black, reddish, or brindled, with some white. There is a coarse-boned, ill-

shaped breed also ; these have swollen bellies, heavy head, a dew-lap very

pendant, a bull-like aspect

—

' Cui turpe caput, cui plurima cervix,

Et crurum tonus a meuto palearia pendent,

Et faciem tauro propior.'
"^

Tighe,* in his Survey of Eillzenny (1802), writes :
—

" The common cattle

of this country are a mixture of the Irish breed with some of the longhorned

English. A few may be seen of the ancient native stock, or what may be

supposed so, whose characters appear to be upright horns, distant, dry, bent

somewhat backwards, and tipped with black ; ears rather large ; body black,

and face white."

Youatt^ (1834) writes that " Irish cattle are evidently composed of two

breeds ; the middle and the longhorns. The former is plainly an aboriginal

breed. They are found on the mountains and rude parts of the country, in

almost every district. They are small, light, active, and wild. The head is

small, although there are exceptions to this in various parts ; and so

numerous, indeed, are those exceptions, that some describe the native Irish

cattle as having thick heads and necks ; the horns are short compared with

1 Since this paper was read the writer has found evidence in the Longhorn Herd- Book that the

white back-stripe is a Mendelian character, which is dominant over black at least.

^ Survey of Londonderry, p. 205.

3 This is quoted from Virgil's Georgics, Book iii., lines 52 and 53, and part of line 58.

* Surveij of Kilkenny, p. 800.

5 Cattle, their Breeds, &c., p. 179.

SCIENT. PEOC. K.D.S., VOL. XII., NO. I,
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tlie other breed, all of them fine, some of them rather upright, and frequently,

after projecting forward, tlien turning backward. Although somewhat

deficient in the hind- quarters, they are high-boned, and wide over the hips,

yet the bone generally is not lieavy. The hair is coarse and long ; in some

places they are black, in others brindled, with white faces. Some are finer

in the bone, and finer in the neck, with a good oye, and sharp muzzle and

great activity. ...

"Mr. Anderson' of Shelton, in a letter with which we have been

favoured from him at the request of the Earl of Wicklow, describes the old

Irish cattle there, as a low, bi'oad, hardy breed, with thick heads and necks,

and a thick hide."

Wakefield" (1812) writes :

—

" Tlie native Irish stock were, in my opinion,

all black, for, though at present there are very few of tliat colour, they fire

universally called 'black cattle.' I have seen some which were pointed out

to me as the remains of the ancient breed ; they were narrow in the loins

and thin in the quarters ; they had sliort legs, large bellies, and white faces
;

their horns, which turned backwards, were remarkably wide set, and tliey

had large dewlaps ; but this breed is now almost extinct."

Low' (1845) describes the Kerry cattle as follows:—" Tiie Kerry cattle

of the mountains are generally black, with a white ridge along the spine, a

character agreeing with the account which older writers have given of the

TJri of the woods of Poland. Tliey have often also a white streak upon

the belly, but they are of various colours, as black, brown, and mixed black

and white, or black and brown. Their skins are soft and unctuous, and of a

fine orange tone, which is visible about the eyes, the ears, and the muzzle:

Their eyes are lively and bright, and, although their size is diminutive, their

shape is good."*

From these quotations it is clear that, where the natives had been crossed

by imported cattle, but where the imported tj'pe had not yet overwhelmed

the native, there are two kinds of cattle, one of vvhicli, and sometimes the

other, was taken to be the native kind. But when we remember that the

imported breeds—the Longhorns, the Herefords, and the Shorthorns, at

any rate—were much heavier in the body than the native, it is clear that the

stouter cattle, that were sometimes mistaken for the old native race, were the

results of crossing the native cattle with these heavier breeds. The colours

of both kinds were derived partly from the old native race, partly from the

imported 'm-epds.

1 Youatt's Caille, p. 185. ' Account of Ireland, vol. i., page 334.

^ Somesliaiicd Animals, etc., p. 309.

* Low is here describing the small Iiisli cattle. To him they were all Kerries.
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But tliese stout animals, altliough tlioy were of Dexter type, were not all

Dexters, the only colours among wliich are whole red and black. Nor is it

possible, apart from the fact that they wei'e too large, that the white-faced

Hereford, the fincli-backed and brindled Longhorn, or the variously

coloured Sliorthorn could have produced the constantly whole-coloured

black and red Dexters of the present day.

Mendelian researches have shown that, when breeds are crossed and

produce what are called intermediate hybrids—that is, hybrids in which the

charactei-s of the parent races mix or blend—these hybrids, when bred

together, have on the average 50 per cent, of their progeny hybrids like

themselves, 25 per cent, like one ancestral race, and 25 per cent, like the

other. For instance, when roan Shorthorns are bred together, 50 per

cent, of their progeny are roans, 25 per cent, are red, and 25 per cent.

are white.

But when hybrids in which the characters of one parent race dominate

or obscure those of the other are bred together, their progeny split up into

some like one parent race, some like the other, and some like one race in

some of its characters and like the other race in others. The converse also

holds that, when the progeny of a set of animals split up in this way, these

animals are hybrids.

When Dexters are bred together, their pirogeny split up into four distinct

types, viz. :

—

1. Black-coloured, stout, short-legged' animals.

2. Red-coloured, stout, short-legged animals.

3. Black-coloured, slender, long-legged animals.

4. E.ed-coloured, slender, long-legged animals.

In a breed whose records are so scanty, tlie exact numbers of each type

cannot be clearly ascertained ; but it can be said that the first type is by far

the most numerous, the second and third types are about equal ; and the last

is decidedly least numerous.

According to Mendelian researches the appearance of these four types

suggests that, while the slender black Keri'y was one of the races whicli

produced the Dexter, the other was a stout-bodied, short-legged animal,

whose colour was red. And that such an animal was imported into Kerry

there is sutficient evidence.

Wakefield (1812) states :
—" In the south I met with some persons who

had imported Devonshire cattle ; Lords Bantry, Shannon, and Doneraile,

1 When the calves are veiy young, those that are going to be stout-bodied and short-legged can

be told by the length of the leg. See Plate IV.

02



12 Seientific Proceedings, Roijal Duhliii Sncietij.

Ml-. Hyuo, and otliers, possess coiisiclerable numbers of tlieni. Lord Farnham,

in Cavan, has a lierd of tlieni, and from what I have seen of this stock in

the nortli of Devonshire, wliere they are natives of Exmore, I am inclined

to think that they are the best cattle known, and had I anytliing to do with

mountain estates in the sonth of Ireland, I should strongly recommend them

for general use. ... As I have never seen tliem to the northward, I should

be afraid to introduce them into that part of the kingdom."

Nor is it improbable tliat these were not the first cattle of the Devonshire

breed imported into Ireland. In the seventeenth and eighteenth centuries,

many English immigrants came to Kerry and "West Cork, and there is strong

evidence that they brought over red cattle with them. The immigrants

sailed chiefly from Bristol channel ports, and, unless they had driven them

enormous distances, could have brought none other than red cattle.

The following statement, by the Duke of St. Albans,' a part of which has

been quoted already, is to tlie point :
—" In a letter written in 1580, and

preserved in the Eecord Office among the Irish MSS., Sir Nicholas White,

Master of the Rolls in Ireland, says that Dingle harbour, in Kerry, was

known as ' Coon edaf dearg ' which, in Irish, means ' red ox haven.' White

says tliis name was owing to the first settlers wlio came from Cornwall and

brought cattle with them. The native cattle were black."

Nor must it be forgotten that Strongbow's men came from the south-

west of England; that tliey probably imported cattle from that part— the

cattle there were red—and that the red race may have found its way west-

wards towards Kerry.

The probability, therefore, that Dexter cattle are descended from black

Kerries and red cattle of Devon tyj)e is very higli ; and if further proof

were wanted, it can be found by getting a red Dexter cow side by side with

a led Devon. Tiie only difference between them is that the Devon cow

is now sliglitly larger : a matter that can be accounted for by the Devon

having been much better cared for and increased in size during the last

hundred years. Wakefield looked upon the Devon as a mountain—and

therefore a small—breed ; while one Irish writer, Rawson, in his Survey

of Kildare, 1807, writes that " the Devons are nothing better than what

the mountains of Ireland can produce with any little care."

One of tlie problems of breeding Dexter cattle with success may be

solved by knowing tiiat the Dexter is a hybrid, and that the Kerry is one

of the parent races. That there is a serious problem in the matter was not

realized till after the establishment of the Kerry and Dexter Herd Booh, by

1 Mistory of the heron Breed of Cattle, p. 21.
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tlie Royal Dublin Society, iu 1890, aud the separation of the Dexters and

tlie Keiries into two breeds. The effect was, that Dexters could no longer

be bred as they liad been almost universally bred in £erry—namely, by

crossing the Dexter with the Kerry—and, at the same time, remain eligible

for entry in the Herd Bool;. Dexters must now be bred with Dexters only

—a procedure well known in Kerry to be disastrous, since a considerable

number of the calves produced iu this way were sure to be so misshapen

that they were either dead-born or had to be destroyed.

What was formerly known to Kerry men now became known to otlier

breeders who bred Dexters according to the rules of tlie Herd Boole : with tlie

result that a breed which is not only beautiful and picturesque but exceed-

ingly useful is in a languishing condition.

This unfortunate state of affairs may be remedied by returning to the

ante Herd Book position. The Kerry and the Dexter are one breed, just as

much as the red Shorthorn and the roan are one breed. The roan Shorthorn

is a hybrid between a red race and a white race ; but the hybrid roan and

its two parent races are recognized as one breed. The Dexter is a hybrid

between a black race and a red, and the hybrid and its black parent race

should be recognized as one breed, or, at any rate, as two divisions of the same

breed. By doing so, Dexters could be bred with no more than ordinary cattle-

breeding risks, and the present handicap against the breed would be removed.

Tlie problem might be better understood if it were put concretely and

in a Mendelian setting. When red cattle are bred with white, their young

are roans. When these roans are bred together, only fifty per cent of their

progeny are roans, one-half the remainder being like their white grand-

parents and the other half like the red.

Mendel formulated a theory to explain sucli phenomena. He conceived

the idea that plants and animals must carry from their very beginning a

lot of intangible somethings which determine their future characters : one

for colour, one for size, another for the shape of one part, another for the

shape of another, and so on. He furtlier conceived the idea that these

determinants must be in two halves, and that one-half must come from

each parent.

Let us see first how this tlieory works in the case of the red, white, and

roan cattle. The red cattle carry red determinants, the white white. Let

us represent the colour determinant of a red animal by two black circles J ,

and the colour determinant of a white animal by two white ones, °. When

a white and a red animal are mated, one-lialf of a colour determinant from

each parent goes to form half of the colour determinant of the progeny, which

is therefore a combination of red and white, tluis •.
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But breed now with the lialf-bred progeu}', and what will liaitpen ? It is

a question of chances. The following diagram will show that there is one

chance of the two red half-determinants uniting, one of the two white,

and two of red uniting with white.

•<---->•
.

• • o o
Thus X "^vill give

,/\, • o • o0,^—^0

That is to say, if a sufBcient number of roan sliort-horns are mated

together, their progeny will work out in the proportion of one red to two

roans to one white.

Another diagram will show that, when roans are mated witli whites, tlie

progeny will be one half roan and one half wliite.

• <r—>o
rpi \/ •

••00
Thus X gives

,/ ^^ 0000
Still another will show that when roans are mated with reds, the progeny

must be one half red and the other half roan.

•<—->•
\ / • • • •

Thus /^ gives

o<--^. ..00
But all colour determinants do not work so simply. Black and red do

not blend like the red and the white of the Shorthorns. When black

cattle are crossed witli red, the progeny are not a mixture of red and black :

they are black. The black colour is dominant and gets its way. And
when these black hybrids are bred together, their progeny do not come out

like the progeny of roan Shorthorns, but in the proportion of three black

to one red. Only one, however, of the three blacks is pure : the other two

are hybrids, like tlieir parents, in which the black colour dominates the red.

Let us put it diagrammatically as before, but using letters instead of

circles, with black, the dominant colour, represented by the capital letter B,

and red, the subdued' colour, by the small letter r. A pure black animal is

B r •

represented by t, and a pure red by ,, while a hybrid between them is

represented by
,

• If these hybrids are bred together, their progeny come

out thus :—

•

\/ • B B r rX gives n „/\, ^ B r B r

' Mendel used the word " recessive."
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Tliafc is, one pure black animal, two that look black, but are really

hybrids, and one pure red animal.

This is what happens with Dexters in the matter of colour. But they

vary in respect of form also, tlie essential difference being in the length of

the leg.' A short-legged race has been bred with a tall race ; and tlie short-

ness of the one is dominant over the tallness of tlie otiier. Let S represent

shortness of leg and t tallness. When hybrids are bred together, they

come out thus :

—

^^^f>^ . 8 S t t
'

)\ gives ^. / o ,

f^^^t
^ ^ t S t

That is to say, there are one pure short-legged, two that look short

but are hybrids, and one pure tall animal.

But it must be remembered that all tliese auimals are involved iu the

colour variation also. How are we to represent the two-fold variation of form

and colour ? Take one set of animals, say tlie short-legged ones. Among
every four there must be one pure black one, two hybrid black-reds, and

one pure red one. Then these four short-legged animals may be represented

as regards both form and colour thus:

—

SB
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Thus, among every sixteen calves, the progeny of Dexter with Dexter,

there ought to be

12 sliort-legged animals, 9 of tliem black, and 3 of them red
;

4 tall animals, 3 of tliem black, and 1 of tliem red.

Of the sixteen animals only four—those underlined—are absolutely pure

for both form and colour. Two of these four are new pure types

—

tliose underlined twice. The others are all hybrids in respect of either

foi-m or colour, or both. An inspection of the diagram will show.

That is to say, 16 Dexter cows mated with Dexter bulls ought to

produce 9 black Dexters, 3 red Dexters, 3 black Kerries, and 1 red Kerry.

But they do not do so. A number of the Dexters are misshapen and

useless.! The proportion cannot be stated with accuracy. According to

some breeders it lies somewhere between 25 and 50 per cent. Assume it to

be 33 per cent. Then four of the twelve Dexters referred to above are

useless. Thus, by mating his 16 Dexter cows witli Dexter bulls the

breeder gets only 4 Kerry calves and 8 Dexter calves— the other 4 being

useless—wliereas, by mating them with Kerry bulls he would get 8 Keny
calves and 8 Dexters. The same result would be got by mating Kerry cows

with Dexter bulls : and in both cases the calves produced would be black.

This can also be shown diagramatically. The hybrids or Dexters are

represented, so far as size is concerned, by ,, and the Kerries by ,. When

these two kinds are bred togetlier, their progeny are one half sliort, one half

tall. Thus :

—

^^\;^*
. 8 s t t

Aud since the Kerries are all black, and black is dominant over red, the

progeny of pure Kerries and Dexters must all be black.

Of course it may still be possible to eliminate the hybrids that have to do

with the production of misshapen calves, as it is also possible to find out

which of the Dexters ai'e pure for both colour and shape, and then breed

pure Dexters from them. To do these things, however, experiment, means,

and patience are required.

As these misshapen calves may be interesting to students of Mendelism,

let us indicate where they may be looked for. A breeder of experience tells

us they are always black. The three pure black animals among the Dexters

may therefore be suspected.

1 For a description of these calves, see Dr. C, G. Seligmann's paper on "Cretinism in Calves," in

t;he Journal of Pathology and Baclerioloffi/ for March, 1904.
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After all, wliat is the probable origin of the word ' dexter' ? An author,

" while travelling in Kerry some years ago, found that the word ' dexter

'

was used in a generic sense with reference to all diminutive animals, even

men, if low-set and bandy-legged ; and also that the term was in the first

instance applied to short-legged sheep kept by a resident coastguard ofiicer."'

Murray's Dictionary gives no indication of the word being used in the above

sense. But the original Mr. Dexter was a breeder of Leicester sheep which,

in comparison with the native Irish sheep, were short-legged and stout.

It is said sheep bred by Mr. Dexter were called " Dextei's." Did not the

word pass on from Mr. Dexter's sheep to other stout animals, and even to

men?

The Secretary of the Royal Agricultural Society of England has very

kindly arranged to allow the use of the blocks of the Devon bull and cow in

illustrating this paper.

' "Wallace's Farm Live Stock of Great Britain, 1907, page 205.

SOIENT. PECO. K.D.S., ~0L. XII., NO, I.
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Fig. 1.—A Kerry Bull.
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ri»'. 1.—A Devon Bull.

Flo -.—A Doon ( o\v.

[These figures are from photographs by Mr. Charles Reid.]
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Fi"-. 1.—A Dexter Bull.

wV.'i o-ir^) 1.

Ka;. 2.—A Dexter Cow.
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Fig. 1.—A Dexter Calf from Dexter parents

Fig. 2.—A Kerry Calf from Dexter parents.
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After all, wliat is the probable origin of the word ' dexter' ? An author,

" while travelling in Kerry some years ago, found that the word ' dexter

'

was used in a generic sense with reference to all diminutive animals, even

men, if low-set and bandy-legged ; and also that the term was in the first

instance applied to short-legged sheep kept by a resident coastguard officer."'

Murray's Dictionary gives no indication of the word being used in the above

sense. But the original Mr. Dexter was a breeder of Leicester sheep which,

in comparison with the native Irish sheep, were short-legged and stout.

It is said sheep bred by Mr. Dexter were called " Dexters." Did uot the

word pass on from Mr. Dexter's sheep to other stout animals, and even to

men?

The Secretary of tlie Royal Agricultural Society of England has very

kindly arranged to allow the use of the blocks of the Devon bull and cow in.

illustrating this paper.

' Wallace's Farm Lire Stock of Great Britain, 1907, page 205.
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II.

A NEW liEITLSH AND TWO NEW IRISH BIEDS.

By RICHARD M. BAERINGTON, M.A.

[Read Novkmbeii 24. Ordered for Publication December 8, 1908. PiiUishdd Febritaky 2, 1909.]

PALLAS'S GRASSHOPPER WARBLER {Locitstella certhioJa, Pall).

The above species is perhaps the most interesting yet obtained at our Irish

Light-stations. It was picked up dead at Rockabill Light-house, on the

28th September last, by Martin Kennedy, assistant Light-keeper.

If we except the specimen obtained at Heligoland Light-house by

Heinrich Gatke, on August 13th, 1856, there is no other European record.

Oatke says' tliat Rudolf Blasius, the eminent German ornithologist, considered

it "the jewel of his collection." It is a native of Eastern Asia, passing

througli China on migration, wintering iu Burma, India, and some islands

of the Malay Archipelago. It resembles our own Grasshopper Warbler

{Locustella ncevia), but is much larger, and the feathers on the back are striped

with black. The greyish-white tips to the under-tail feathers first attracted

attention, and euabled me to identify it at once by the figure in Dresser's

splendid work on tlie birds of Europe. = It was in plump condition, and

on dissection proved to be a male. This Asiatic species is one of the

most remarkable of recent additions to the British avifauna.

THE LITTLE BUNTING {Emheriza pusilla, Pall).

On October 2nd, 1908, a specimen of the Little Bunting was killed,

striking the Rockabill Light-house lantern, and was forwarded by the

principal keeper, Mr. B. R. Jeffers, as a Twite {Linota flavirosfris) . It was

like a small specimen of our Common Reed-Bunting except for the absence

of the ferruginous colour on tlie small wing-coverts ; but on closer examina-

tion it proved to be the above species, and is the first specimen obtained in

Ireland.

'"Heligoland as an ornithological observatory," liy Heinrich Gatke, translated by Rudolph

Eosenstock. Edinburgh, 1895, p. 126 ; also " Die Vogelwarte Helgoland, Yon Heinrich Gatke,

ierausgegeben von Professor Rudolf Blasius. Braunschweig, 1900," p. 331.

' "A History of the Birds of Europe, including all the species inhabiting the "Western palaearctio

region." London, 1871-96.



Barrington—A neiu British and two neio Irish Birds. 19

It is said to be confiding in its habits, and frequently found in tlie

oompany of the Twites, and not readily detected. At any rate, up to

1898, only one specinaen was recorded from England. Since then there

have been several occurrences, chiefly at Fair Island, between the Orkney

•and Shetland Isles.

Its breeding range extends through Russia and Siberia, eastwards from

Archangel. When tlie bird becomes better known, it will probably be

recognized as a straggler in small numbers, every autumn, to some portion

of the Britisli Isles. On dissection the Irish specimen proved to be

a female.

THE REED-WARBLER {A&yocephalus streperiis, Vieillot).

A specimen of this Warbler was recorded^ as having been shot at

liaheny, near Dublin, December 21st, 1843, by Mr. Montgomerj'. As

the date is an unusual one for a summer migrant, and as no specimen

was found in the Montgomery collection, Irish naturalists have for many
years excluded it from our avifauna. It is a regular visitor to England,

and fairly common in Wales ; and having regard to the marshy character

of many parts of Ireland, it is remarkable that no specimen has ever been

obtained in this country until the present year.

The study of migration, at Light-stations, has added several rare

insect-eating birds to the Irish list ; and yet this common English Warbler

never occurred before. The specimen now exhibited was killed striking

liockabill Light-house on October 20th, with three Golden-crested Wrens

and two Redstarts, and is a female.

It so closely resembles the Marsh-Warbler, that it is said to be erroneously

coloured in Gould's "Birds of Great Britain"; also in Lord Lilford's " Coloured

Figures of the BritishB irds,"' and to a certain extent in Dresser's work on

the birds of Europe. It differs in its habits and song from the Marsh-

Warbler.

Mr. A. H. Evans writes that he heard this species singing in a reed-

bed on the Shannon, near Portumna, on the 23rd July, 1904. The total

number of species new to Ireland forwarded by the Light-keepers is now

thirteen, namely :

—

Lesser Whitethroat {Si/lvia curruca), 1890.

Yellow-Browed Warbler (Phylloscopiis superciliosus), 1890.

Melodious Warbler {Rypolais polyglotta), 1905.

1 Zoologist, 18-18, p. 2143 ; also Proc. Dublin Nat. Hist. See, 1852, p. 89.

- "Illustrated Manual of British Birds by Howard Saunders." London, 1899, p. 81.

d2
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Eeed-Warbler (Acrocephahis strejwrus), 1908.

Aquatic Warbler {A. aquaticus), 1903.

Pallas's Grasshopper-Warbler {Loeustella certhiola), 1908.

Woodchat Shrike {Laniiis jjomerctmis), 1893).

Eed-breasted Flycatcher {Muscicapa 2Mrva) , 1887.

American Snowbird (Junco Jdemalis), 1905.

Greenland Eedpole [Linota rostrata), 1889.

Little Bunting (Emberiza pusilla), 1908.

Lapland Bunting {Cakarius lapjjonicus) , 1887.

Short-toed Lark {Alauda hrachydadyla), 1890.

The occurrence of the Antarctic Sheathbill [Chionis alba) for the first and

only time in Europe, near Carlingford Lough Light-Station, in 1892, may

be mentioned as a very remarkable incident not yet satisfactorily explained.
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III.

VITALITY AND THE TRANSMISSION OF WATEE THKOUGH
THE STEMS OF PLANTS.

By HENEY H. DIXON, Sc.D., F.E.S.,

Professor of Botany in the University of Dublin.

[Read November 24. Ordered for Publication December 8, 1908. Published March 1.5, 1909.]

When tlie transpiring cells of the leaves abstract water from tlie traehese a

tensile stress is set up in the water remaining in the tracheae, inasmuch as

the latter are normally completely filled with water. This stress is resisted

by the walls of the tracheae, to whioli the water adheres, and is transmitted

downwards through the water of the transpiration current permeating and

filling a greater or less number of the tracheae composing the wood of the

plant.

Exception has been taken^ to this view of the mechanism of the ascent

of sap on the ground that the resistance of the wood is so great—whoTi the

length of stem traversed by the water is considerable—that we cannot

imagine either the transpiratory forces to be equal to the task of dragging

the water-column upwards, or the column to have the tensile strength to

sustain the stress.

1 have elsewhere shown" that these objections are based upon an over-

estimate of the amount of water transpired, and consequently of the velocity

of the transpiration-current, and also on determinations of resistance which

are excessive.

In order to account for the manner in which the transpiration current

is relieved of this supposed resistance, Ewart^ has endeavoured to show

that the cells in the neighbourhood of the capillaries of the wood exert a

lifting force on the ascending water-column. He has invented several

mechanical schemes to illustrate how this may be effected, none of which,

lEwart, Roy. See. Phil. Trans., B., 1905, and Ibid., 1908.

2 Roy. Soe. Proe., B, 1907, p. 42, et seq.

^ Roy. Soc. Phil. Trans., B, 1905, and Ann. of Botany, 1907, p. 443. Roy. Soo. Phil. Trans., B,

1908.
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however, are likely to commend themselves, and indeed are scarcely seriously

put forward by their autlior.

Ewart believes these lifting forces to be feeble, and has not, as he himself

admits, in any case obtained unequivocal evidence for their existence. And

yet, according to his own figures, these forces should be easily demonstrable.'

According to him, the pressure required to raise water at the transpiration-

velocity in an elm tree 12 metres high would be equivalent to a head of

75'6 metres, i.e., about 7'5 atmospheres. Of this he admits^ about 2 atmo-

spheres might be supplied by the tension set up by the transpiring leaf-cells,

leaving about 5-5 atmospheres to be made good by the lifting forces of the

cells in the 12 metres of stem. Therefore the lifting force of the cells of this

stem must amount to 0*45 atmosphere per metre of stem, or to a head of

water equal to 4f times the length of stem.

A lifting force of this magnitude should be easily revealed if the velocity

of flow through a branch in the normal direction for a given head were

compared with the flow in the reverse direction, or, again, if the amount

transmitted downwards in a living stem were compared with that transmitted

after death. As is well known, experiments have not been able to demonstrate

a sensible difference in either case. Furthermore, Ewart,^ working very

carefully by a different method, has failed to detect the existence of these

pumping actions in stems. Consequently it is quite impossible to admit

that any large amount of work falls on the cells of the stem in the raising

of the sap.

While these considerations show that forces of any great magnitude are

not exerted by the cells in the wood on the transpiration-current, it seemed

desirable by some more careful method to test the matter, and see if some

much smaller force were not assisting the upward flow of water.

In the ordinary methods of testing this question, uncertainties arise from

the fact that conditions are not the same before and after the reversal of

the current, or before and after the death of the branches. These differences

are principally due to changes in temperature, which, as Bwarf has pointed

out, entail large differences in viscosity, and to clogging in the experimental

stem.

In order to eliminate these sources of error, and so be in a position to

detect the effect of even a very small force exerted by the stem-cells in

lifting water, I carried out some experiments in the following manner :

—

Two straight branches {A and B, fig. 1), about 80 cms. long, without

' Roy. Soc. PhU. Trans., B, 1905, p. 56. - Roy. Soc. Phil. Trans., B, 1908, p. 379.

' Roy. Soc. Phil. Trans., B, 1905, p. 77. * Roy. Soc. Phil. Trans., B, 1905.
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lateral shoots, aud as similar to one another as possible,' are passed through

tuhulures {a and h) in the bottom of a metal cistern, about 65 cms. deep.

The upper ends of the branches projected above, and the lower ends below,

tlie cistern. The joints round the lower ends

were rendered water-tight by binding on a

rubber tube overlapping the tubiilures and the

projecting ends of the branches. The cistern

may now^ be filled with water which, if kept

in motion, will secure that botli branches are

aliuost at the same temperature, and so differ-

ences in viscosity in the water passing through

the branches will not arise.

In order to avoid irregularities in trans-

mission, much care is needed in the prepara-

tion of the branches. After selection of the

branches, the upper leafy part is cut away,

and the cut surface of the lower part still

attached to the tree is moistened by a jet ot

water. This part is now cut oli under water,

and while still submerged is removed to tlie

laboratory. Fresh surfaces are now prepared

at each end, and smoothed off by a razor,

under a stream of distilled water. A widu

glass tube about 20 cms. long is attached to the

upper end of each branch. This is kepi full

of distilled water, which acts as the supply and

head, driving the water downwards through

the branches. If it is desired to apply picric

acid or some other poison as a killing agent,

the simple glass tube is replaced in each case

by one which is provided with a side tubulure,

bent in a J form, and with two stop-cocks

placed as shown in fig. 1.

The rate of transmission from above down-

wards is first observed for the two branches by

weighing the amount of water transmitted in

a given time (say, 10 min.J. It is evident if

vital actions are at work tending to raise the water in the branches, the rate

' 1 used Syr'xnga viili/iiris, as similar and straight brunches of this shrub are readily ohlaiiicd.

e2
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of flow downwards is reduced by this activity ; and inasmuch as both

branches are under similar conditions, tlie reduction of flow is the same

for both. It may here be noted that an alteration in the head of 10 cms.

makes a very sensible difference in the amount transmitted, raising it,

to take an example, from 0'450 gram to 0'500 gram per 10 min. If

now one branch be killed, the vital lifting-force, if present, will be removed,

and we should expect the amount transmitted by the killed branch to increase

correspondingly. This increase, even though small, would be easily seen by

comparing the flow through the dead and the living branches, when both

have been again brought to the same conditions. For killing the branch I

used either a jacket of steam or an injection of poison.

When it is desired to kill the experimental branch with steam, the water

in the cistern is run off through a small side-tubulure (c), and, when the

cistern is empty, steam is passed by the same tubulure into a wide tube [d),

now placed round the experimental branch, and fitting tightly into a socket

made for its reception in the bottom of the cistern. The space round the top

of this branch, and between it and the tube, is packed with eotton-wool. The

supply of steam is kept up for 20 min. ; the tube (d) is then removed ; and

the cistern is filled with water through the tubulure (c). After some time,

during which the water in the cistern is kept stirred, when it is judged that

the experimental and control branches have come to sensibly the same

temperature, measurements of the amounts transmitted by each may be

resumed. In this way it is easy not only to compare dead and living branches

under the same conditions, but also rough manipulation and shaking is

avoided. These latter are known to cause irregularities in the amounts of

water transmitted by cut branches, probably owing to the displacement of

or compacting of some clogging material on their upper surfaces.

Observations made in this way showed in each case that the amounts

transmitted by a branch before and after killing by steam were sensibly the

same ; or if they differed in the experimental branch, the same difference was

observed in the amounts transmitted by the control branch at the same time,

the observable differences being due to changes in conditions which affected

the fiow in the living as well as in the killed branch.

In Table 1. is recorded au example of one of these experiments, which is

graphically recorded in fig. 2.
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Particulars of Experiment.

A and B, two similar branches of Sijringa vulgaris, each with five year-

rings.

A: length, 84'5 cm. long. Upper diam. of wood, 0'8 cm.; of pitli, O'lo

cm. Lower diam. of wood, 0'9 cm. ; of pith, 0'23 cm. Head, 9'0 cm.

B: length, 83"5 cm. Upper diam. of wood, 0'73 cm.; of pith, 0"1 cm.

Lower diam. of wood, 0'85 cm. ; of pith, O'l cm. Head, 9'3 cm.

Table I.

Hour.
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brown. This change probably indicates the introduction into, or the pro-

duction in, the transmitted water of some clogging material; for, instead of

an increase in the amount transmitted downwards after the removal of the

supposed vital lifting forces, we see from the Table that the amount is

diminished. According as the downward stream washes out this clogging

material, the original rate of transmission is approximated to, but during the

experiment not attained. It is evident that if there was any considerable

length of branch below the steamed part, this material would accumulate

tliere.

The appearance of this material in the water transmitted by a steamed

branch is of interest in connexion with some experiments discussed later.

The small rise in the amount transmitted by the control branch noted

immediately after the observations were renewed is probably to be attributed

to a rise in temperature and consequent reduction of viscosity.
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of the branch during the steaming might just compensate for their removal.

The possibility of such a coincidence, though very improbable, suggested the

use of picric acid as a killing agent in place of steam.

The experiment was at first arranged in just the same manner as before;

and the initial rates of transmission of the experimental and control branches

were determined. Then some dry picric acid was introduced into the water-

tube of the experimental branch, and the observations were continued. No
change could be detected in the rates of transmission which could be assigned

to the removal of vital actions by the picric acid, even when the latter appeared

at the lower end of the experimental branch.

The gradual killing of the braucli and the slow penetration of the picric

acid in this method are open to objection, and would tend to render a oliange

due to death less noticeable. To remove this objection, a modification was

introduced by means of which the picric acid is quickly forced through the

stem under pressure ; and, in order to place the control under similar con-

ditions, distilled water is simultaneously forced through it. This is arranged

by liaving the tubes containing the water-supplies to each branch provided

with a side-tubulure connected with a J -shaped glass tube containing a

mercurial column. The J -tubes and the tops of the water-supply tubes are

provided with stop-cocks (e,/, ^, and Ii respectively, fig. 1, p. 23). At first the

side-tubulures {e and/) are closed ; and the rate of transmission of distilled

water under a low pressure is measured for each branch ; then picric acid is

introduced into the supply-tube of the experimental branch, and tlie stop-

cocks at the upper ends of tlie supply-tubes {g and h) of both are closed,

and the lateral tubulures (e and /) opened ; so that the picric acid is forced

through one, and distilled water is forced through the other. When the

picric acid appears below, by the suitable manipulation of tlie stop-cocks, the

pressure in each is again reduced, a.ud observations are recommenced.

Table II. gives the figures of such an experiment, and tlie results are

plotted graphically in fig. 3.

Particularn of Expeyimeiit.

A and B, two similar branches of Syriiuja vulgaris : A with seven year-

rings ; length, 80 cm. Upper diam. of wood, 085 cm.; of pith, 0'14 cm.

Lower diam. of wood, 0*92 cm. ; of pith, 0*20 cm. Head, 24 cm. of water.

B witli 4 year-rings ; length, 80'O cm. Upper diam. of wood, 0'85 era. ; of
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pith, 0'16 em. Lower diam. of wood, 0-95 em.; of pith, 0'20 cm. Head,

24 cm.

Table IT.

Hour.
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and the washing away of mechanical obstructions by the stream under hiffh

pressure, and partly to the small rise in temperature from 11'8° to 12'0°,

which would perceptibly diminish the viscosity of the water. Inasmuch as the

observed rise is as great in the case of the living branch as in that which is

killed during the observations, it follows that there were no vital actions in

either retarding the transmission.
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is the fading, seems to me to favour this explanation. Failure to ohserve

plugging of the lumina of the tracheae in the killed region is no disproof

that the partitions, which the stream normally traverses, are rendered less

permeable, and that more complete plugging occurs higher up in the path

of the water.' Both these surmises have already received experimental

support,- and are further confirmed by some observations to be described

later. Furthermore, the possibility that the leaf-cells fade from poisoning

must be admitted until evidence to the contrary is forthcoming.'

When a length of a branch is jacketed with steam so as to kill it, the

fading of the leaves above which supervenes is not identical with that which

occurs when leaves are deprived of adequate water-supply. To quote an

example: a branch of Populus, about 160 cm. long, carrying about 20 leaves,

was jacketed for a length of 85 cm. with steam for 10 min. On the

following day the older leaves had lost their fresh lustre ; and on the fourth

day they had considerably changed. This change consisted in a general

dullness of colour over the whole leaf. Later the margin of the leaf became

dark ; and this darkness gradually invaded the leaf between the veins, leaving

a green border along the veins. The darkened margin subsequently dried

and shrivelled, while the small terminal branches, the petioles, and the green

parts of the leaf round the veins remained fairly turgescent. As the change

proceeded in the mesophyll, the veins became coloured pink, and finally red-

brown. This coloration was particularly noticeable when the leaves were

viewed by transmitted light. Microscopic examination of the leaves showed

that protoplasm of the mesophyll cells in the dark areas had contracted, and

the cells were no longer turgescent, and the chlorophyll corpuscles had

become discoloured, and bore a dirty brown-green tinge. During even the

early stages of fading, sections of the veins revealed a pink coloration in the

walls of the trachese, while the contents of the wood parenchyma were

uncoloured. Later on the lumina of the trachese became filled with a pinkish

brown material which ultimately seemed to choke the tubes. Shrivelling and

withering of the leaf, except at the edges, did not occur till after these

changes were complete. I have traced changes similar to these in the leaves

of Tilia microphylla, Syringa vulgaris, Salix viminalis, and Acer Pseudo-Platanus,

when the supporting stems had been steamed.

On the other hand, wheu leaves fade simply from an insufficient water-

supply, e.g. on a branch severed from a tree, shrivelling comes on while they

are still green ; the smaller branches and the petioles also shrivel. Blackening

'Weber, he. cit., observed obstructions either in the form of a clogging material or of tyloses

in the trachese, where the killed region adjoins the living.

2 Dixon, Koy. Dublin Soc. Proc, vol. x., 1905, p. 48. = Dixon, he. cit.
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only appears after shrivelling, and occurs in irregular patches. The veins do

not change colour, and the walls of the trachese do not appear coloured in

transverse sections. The first appearance of colour-change is when the cell-

contents of the mesophyll and parenchyma of the veins colour brown after

death.

This contrast of behaviour appears to me inconsistent with the view that

the leaves in both cases fade from precisely the same cause, viz., simply and

solely failure of water-supply. The fact that the mesophyll of the leaves of

the killed branch discolours before shrivelling, while, when the water-supply

only is interfered with, shrivelling precedes the discoloration, appears to

support Yesque's conclusion that in the previous case the leaves dry because

they die, while in the latter they die because they dry.' But there is some-

thing more than this. While the discoloration is proceeding in the

mesophyll of the leaf the walls of the conducting tubes of the veins are

becoming discoloured, and finally their lumina become clioked with a trans-

parent coloured material. The experiment described on page 26 indicates

the origin of this material. Distilled water urged through a branch

jacketed with steam issues as a coloured and more or less viscid fluid. The

transpiration current also sweeps this clogging material before it; and,

being deposited iu the walls and lumina of the upper conducting tubes,

it reduces their power of transmitting an adequate water-supply upwards.

From this it would appear that the initial stages of the fading were caused

by the poisoning of the mesophyll cells, while the final stages, withering and

drying, were accelerated by the clogging of the walls, and stoppage of the

lumina of the supply-tubes.

In a previous paper^ I have described how it is possible to cause the

leaves of a branch to fade by supplying it with water which has passed

through a killed piece of stem, although its direct supply of water from the

root is not interfered with. Since then 1 have confirmed these observations

;

and I have found that the leaves on a lateral branch, arising close below

the killed region of a stem, may often exhibit the kind of fading which I

have just described as characteristic of the leaves on killed branches. As in

the previous cases the direct connexion between these leaves and the

roots had not been interfered with, but their original water-supply coming

up through the uninjured parts of the stem was left to them intact. The

only cause I can suspect as being responsible for their succumbing is the

passage backwards into their transpiration -stream of some harmful material

from the dead region above the base of the lateral branch. It may also be

1 Vesque, Compt. Rend., 1885. Eoy. Dublin Soc. Proc, Tol. x., 1905, p. 48.



32 Scientific Proceedings, Royal Dublin Society.

that some clogging material is drawn back or chokes tlie conduits leading

to the leaves in question.

From these observations I feel compelled to assume that at least part of

the fading of leaves of steamed branches is due to the action of deleterious

or poisonous substances on their cells. Nor do I regard as a serious objection

to this view the fact that the action of these substances is not so rapid nor so

complete as that of a solution of copper chloride.'

That the acceleration of the shrivelling is in many oases due to clogging

of the tracheal walls and to the stoppage of their lumina is shown by

direct microscopic observation. It is also indicated by "Weber's results,

who found that in some cases the simple reduction of the leaf area above

the steamed region was sufficient to restore for a short time turgescence

to the remaining leaves. In these cases presumably the water-supply,

reduced by coming through the partially clogged branch, together with the

water already in the brancli, was sufficient to restore turgescence temporarily

to the remaining leaves. This supply being quickly exhausted, they

withered finally, as the small supply coming through the clogged branch

was insufficient to make up for their loss by evaporation.

The recovery of the upper leaves when supplied with water above the

steamed region is again a demonstration that the final stages of fading are

due to the increased resistance opposed to the water-supply by the clogging

materials in, or coming from, the steamed region.

This increased resistance is also indicated by "Weber's observation' that,

even with a head of 62 cm. of mercury, appreciable amounts of water could

not be forced through about 12 cm. of the basal part of the heated branch.

The experiments and observations just detailed show, I think, that there

is no reason to believe that vital actions in the stem are needed to assist the

transpiration current ; the anatomical relations of the cells of the stem to

the conducting tubes are also against the view that they can apply any

elevating force. The ingenious suggestions of Ewart'^ show the difficulties

a supporter of the vital theory is in on this account ; while in TJrsprung's*

diagram there seems no reason why the water forced into the conducting

tubes should not move downwards rather than upwards.

Seeing, then, that there is no adequate reason for supposing the cells

of the stem to assist in the raising of the transpiration current, it is of the

greatest interest to find out if, to raise the water in the highest trees, the

' TJrsprung, "Ueber die Ursache des Welkens." Beihefte z. Bot. Centi'albl., 1905.

* Weber, loc. cit.

^Ewart, Eoy. Soc. Phil. Trans., B. 1905 and 1907.

.
• Ureprung, Biolog. Centralbl. Bd. xxvii., 1907, p. 53.



Dixon— Vitality and Transmission of Water through Plants. 33

osmotic pressure of the leaf-cells and the tensile strength of the transpiration

stream are taxed nearly to their limit. Unfortunately at present there are

no determinations as to the pressures in the leaf-cells of these trees during

transpiration, nor of the resistance of their conducting tubes to the current.

With regard to the tensile strength of water containing air, the highest

experimental value obtained for it up to the time of the publication of the

tension theory was, we believed, that of Dr. Joly and myself, viz., 7J

atmospheres.' But this, from the nature of the method, was necessarily

much below the actual value, and only indicated the adhesion of water to a

surface it incompletely wets.

Berthelot's- experiments, so far as I am aware, have been always recently

quoted as applying only to water which is free from air.' Not having seen

the original papers, Dr. Joly and I were under this impression when we made

the experiments just alluded to. As a matter of fact, I now find, on looking

up his paper in the Annales de Chimie et de Physique, xxx., 1850, tliat

Berthelot at first experimented on water supersaturated with aii-. He filled a

strong-walled capillary glass tube with water at 28° and allowed it to cool to 18°.

Air was drawn into the tube during the contraction of the water as it fell in

temperature. The tube was then sealed at its fine-drawn end. After raising

the temperature again, the air was forced into solution, and when the water

occupied the whole space enclosed by the tube, it was again allowed to cool

to 18° or lower. It was then found that the slightest shock caused the air

dissolved in the water, up to that moment, to reappear as a bubble. Before

rupture relieved the tension, the water was distended by -^^6 of its volume.

The tension required to produce this dilatation Berthelot estimated at 50

atmospheres. Later on, at Eegnault's suggestion, Berthelot performed the

same experiment with air-free water, and obtained similar results.

The tenacity of a water-film may also give us a minor limit for the

tensile strength of water. A film of soapy water in air which is only 12^/i,

or 12 X 10"' cms., thick is stable when stretched in a rigid frame. In this

position, it supports the stress of twice the surface-tension (T) of the soap-

solution. T = about 25 dynes per cm. Therefore a column of water 1 sq.

, ,
2 X 25 X 10' . ,

cm. across can support a tension of at least y^ dynes. An atmo-

sphere pressure is equivalent to 981 x 10' dynes. So we find according to

1 Eoy. Soc. PhU. Trans., B, 1895.

2 " Sur quelques Phenomenea de Dilatation forcee des Liq^uides." Ann. de Chimie et de Physique,

XXX., Ser. 2, 1850, p. 232 et seq.

3 Text-book of Physics, Poynting and Thomson, "Properties of Matter," 2nd ed., p. 123; and

Ewart, Annals of Botany, 1906, p. 444 ; Worthington, Roy. Soc. Phil. Trans., A., 1892.
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this method that the cohesive force or tenacity of water must be at least

42' 5 atmospheres.

To raise water in one of the tallest trees, say, 100 m. higli, would require

a force equal to the hydrostatic head, viz., 10 atm., plus the force necessary to

overcome the resistance experienced by the transpiration stream. Ewart'

estimates this at about 50 atm. in all. This figure he arrives at by assuming

the same transpiration velocity and the same resistance as he found in lower

trees. As has been pointed out, his determinations of the resistance are

excessive ; and further, there is every reason to believe that, if the supply is

inadequate, the transpiration velocity will be reduced.^ This reduction in

velocity has been shown to occur in lower trees. Using my own determina-

tion for the resistance,^ we obtain a very much lower figure for the tension,

which must be supported by the transpiration current of the tallest trees.

In the case of a stem with exceptionally high resistance, I found that a

head of water equal to the length of the stem traversed was able to move

water at the transpiration rate. If this figure holds for the highest trees

—

and it is likely to be excessive, both because the transpiration rate in the high

tree will be slowed down, and because its wood will have a smaller resistance

than that of the tree in which the determination was made—we should

add to the 10 atm. necessary to support the head another 10 atm. to over-

come the resistance of the conducting tubes. The water-columns then in the

tree would have to support a tension of only 20 atm., which is well within

the minor limit obtained for the tenacity of air-saturated water.

With regard to the osmotic pressures in the leaf -cells necessary to keep

them turgid against the pull on their sap, we have no information applying

to the higli trees under consideration. I have found that the cells of the

leaves of several low trees, e.g.. Laburnum and Tilia, are able to support an

external pressure of 26-30 atm. without showing signs indicating that their

turgescence was overcome.* It is certainly not unreasonable, in the absence

of direct observation, to assume similar pressures in the leaves of liiglier

trees.

' Ewart, Roy. Soc. Phil. Trans., B, 1907, p. 391.

2 Dixon, Eoy. Soc. Proc, B, 1907.

3 It may be noted that the resistance of the wood of the yew in which my determination wa^

made is exceptionally high, as its wood is exclusively formed of tracheides only ahout 2 mm. long,

and so the number of cross-partitions which must be traversed is exceptionally high.

^ "On the Physics of the Transpiration Current." Notes from the Botanical School, Trinity

College, Dublin, No. 2. 1897.
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THE ABSORPTION OF WATER BY SEEDS.

By W. R. GELSTON ATKINS, B.A.,

School of Botany, Trinitj^ College, Dublin.

[communicated by professor H. H. DIXON, D.SC, F.R.S.]

[Read December 22, 1908. Ordered for Publication January 12. PuUished Mauch 16, 190 9.]

This paper describes an attempt to discover the forces -wliich cause water

and salt solutions to enter dried seeds, in the hope tliat some light might

be thrown on the condition of latent life existing in them. Experiments

were also conducted with a view to ascertaining when the evolution of

CO3 began in moistened seeds; and the density changes involved in the

moistening were incidentally examined.

The experiments were carried out on two main lines, first by weighing

the seeds used at intervals after immersion in water or salt solutions, and

thus determining the increase in weight, and also the permeability of the

seeds ; secondly, by adding volumetric solutions to seeds, and noting any

change in concentration that might occur. The latter was the method

adopted by A. J. Brown in his investigations on Hordeum, when he proved

that the spermoderm functioned as a semipermeable membrane.^

Throughout this paper the term " living " is used of seeds in the con-

dition of latent life, when all metabolism is at a standstill, but may be set

in motion under suitable conditions. Germination is tlie only true proof of

the existence of latent life in any seed ; the evolution of CO2 is not a proof,

as will be shown later.

Weighing Method.

Seeds of Phaseohis vulgaris (Linn.) and Lathynis odomtus (Linn.) were

immersed in pure water, gram-molecular, and saturated potassium nitrate,

and in almost saturated water-vapour. They were weighed at intervals till

no further absorption took place, tlie temperature being maintained constant

to within a degree by a thermostat.

The seeds used were desiccated by drying at 28° C. for some days, then at

' Ann. Bot., xxi., 1907, p. 81.
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60° 0, for about the same time, and finally at 100° C. for almost an hour. This

does not kill the peas, as has been shown by H. H. Dixon,' and was tested

by germination in the sample used. Some of the beans are killed by the

procedure, but some germinate. Dead seeds were obtained by exposing

living seeds to a saturated solution of chloroform in water, and tlien drying.

None of the seeds thus treated germinated. Below are given the maximum

weights and salient figures in the series of experiments. Time-weight

curves are given, showing the variation under the diverse conditions ; these

were constructed from data obtained by weighing the seeds, dried on the

outside by bibulous paper. To prevent evaporation the weighing was made

in a weighing-bottle.

To compare the beliaviour of Living Seech in Water and Salt Solutions.

. Series I-

Valnctease in wt. t'Z4-°c. Four beans in each expt. h'v-j'n^.

0)&/4J in distilled water.
fS) in QTirc. molecular KNO^

.
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Series I.

—

t = 24° 0. Four living beans used in each experiment.
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Series II.

—

t = 25° C. One living bean used iu each experimeut.
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• /h ht. t^23'c One bean m eacli exptmsattu-utefiKNO^.d&ad,
fi) Removed fo drsti/teci water at the issr^hour

39
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Series V.

—

t = 25° C. One sweet pea ; not killed.

Time in hours.

75

302i .

850i .

374-398

28

75 .

156J .

1 (additional)

23-138

48^ .

183-230

4.
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,

A study of tlie time-weight curves shows that there is no difEerence

in the rate of absorption of seeds, living or dead, in pure water or in salt

solutions. Hence one is forced to the conclusion that there is nothing

functioning as a semipermeable membrane in the seeds, either living or

dead; for if there were, water only would pass in, whereas in reality

potassium nitrate solution passes in just as freely. These results are in

complete agreement with tliose obtained by A. J. Brown ; for it is only

in the special outer covering of Hordenm and some other Glraminese that

he finds a semipermeable membrane. Tlius it appears that these seeds do

not take up water by the agency of osmotic forces, but solely by capillarity

and imbibition, so that tlie material of the dried seed before absorption of

water is complete must be in quite a different condition from that which it

is in when germination begins and the cells resume their active life.

Density Determinations.—It was noticed that beans placed in potassium

nitrate solution sank, but rose to the surface subsequently, and then, after an

hour or more, sank. At first it was suspected that this was due to the

expansion of the seed caused by the absorption of pure or less saline water,

its density being thus brought below that of the salt solution. Tiiis was

completely disproved by a determination of the density and weight of a seed,

apparent and real, in pure water.

Time.
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89-5 per cent, and rose to 125'6 per ceut. A desiccated bean was fonnd to

have a density of I'lSO initially, and after 310 hours in water it had fallen

to 1'119. The density of desiccated bean substance was determined by

placing the ohopped-up material in a specific-gravity bottle with mercury.

The value thus obtained, 1"523, enables us to calculate the size of the internal

liollow in the seed—about 33 per cent, of the whole volume.

Titration Method.

In order to detect the presence of a small area of semipermeable

membrane, which might have escaped notice by the weighing method,

owing to the difference between seed and seed, A. J. Brown's device was

adopted. Quantities of bean seeds, as boiight and after desiccation, were

placed in measured volumes of normal sulphuric acid, 49 grms. per litre,

decinormal iodine in potassium iodide, 12*7 grms. of iodine per litre, and

decinormal sodium chloride, 5'85 grms, per litre. They were left in these

solutions for forty-three hours ; then 25 c.c. was di'awn oif from each

and titrated, the chlorides were evaporated to dryness and ignited to destroy

organic substances which interfered with the silver nitrate and ammonium

thiocyanate methods of titration. In each case one hundred beans were

used, weighing 62 grms. as bought. Of this sample 98 per cent, germinated.

The hundred desiccated beans of experiments 4 and 10 weighed 47 grms.

In this sample 100 per cent, germinated before drying.

No.
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From these results it may be seen that there is no concentration of the

solutions, as would be the case if a semipermeable membrane existed. There

is, however, a weakening of the solutions due to various causes. In the acid

experiments it is due to the alkalinity of the cell substance, as was noticed by

A. J. Brown in Hordeum. Experiment 5, however, shows that, on crushing

the beans and extracting with hot water, only an amount of alkali equal to

0'3 o.c. normal NaOH was found derived from one hundred beans. The

extract was boiled to expel CO2 before titrating.

In the case of the undesiccated seeds, some of the weakening of the acid

is accounted for by the moisture of the seeds diluting the solution. This is

evidence in favour of the permeability of the seeds. The diluting effect does

not, of course, occur in experiment 4 with desiccated beans. To ascertain

whether the seeds weakened the acid by uuextractable. alkali, or by con-

centrating the solution in themselves, the seeds used in experiment 3 were

drained, leaving 48 c.c. of weak acid, corresponding to an absorption of

52 c.c. of acid solution. 37 c.c. of normal acid was found in the beans,

though they had absorbed 52 c.c. of normal acid, besides weakening the

remaining 48 c.c, so that it only contained 38'8 c.c. of normal acid. This

gives 75'8 c.c. of normal H2SO4 remaining ; 24-2 c.c. must therefore have

been neutralized by the bean-cell substances, or, allowing for the dilution

effect as a maximum of 10 c.c, 14'2 c.c. was neutralized, as in experiment 4.

This gives 0'142 c.c. of normal H2SO4 per bean, viz. 0*007 grm., or 1"47 per

cent, of tlie weight of desiccated bean-substance.

The sodium chloride was practically unchanged, the dilution only being

sliglit, as traces of chloride were foiiud in experiments 7 and 8, having been

washed out of the seeds. The chlorides initially present prevent the dilution

being noticeable. In the iodine experiments, microscopic examination

showed that all parts of the seed were penetrated by the iodine ; the solution

was decolorized by the formation of large quantities of starch iodide.

Thus none of the facts ascertained give any reason to believe in the

presence of a semipermeable membrane in dry seeds absorbing water in

their initial stages.

In experiment 11 the seeds used had all taken up about 140 per cent, of

their dry weight of water, and had just put forth radicles. They were dried in

a warm room, about 15° 0. for tliree liours, and then placed in the salt solution.

A dilution effect was noticed amounting to 0'92 of the original con-

centration. But as the hundred beans contained about 65 c.c. of water, if

they were completely permeable, the dilution should have been \^ = 0-61.

So here semipermeability is met with, though it is not absolute. Evidently

the protoplasm in the growing living cells is the semipermeable substance.
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Note on the Colouring Matter of Beans.

It was observed in titrating that the colouring matter of the beans

originally in acid turned purple with alkali, forming au accurate end-mark

as tested with phenolphthalein. The purple colour is due to a gelatinous

precipitate, which is dark-brown when seen on filter-paper, the filtrate being

a deep red when alkaline, almost colourless when acid. Tlie precipitated

colouring matter dissolves in dilute acid, giving an orange-yellow solution.

Experiments on the first Appearance of Respiration in Seeds.

It was thought that it might be legitimate to use the production of CO2

by seeds as a test for the beginning of active cell-metabolism, and consequently

the end of the period of latent life. Accordingly, about two hundred beans, as

bought, were sterilized outside by placing in a strong solution of mercuric

chloride for several minutes, and then well rinsed with distilled water. This

procedure does not injure the seeds ; for 98 per cent, subsequently germinated.

They were then placed in a conical flask similarly sterilized, completely

filled with distilled water. This had a rubber cork, and a long and short

glass tube. A current of air was passed by a force-pump through a Greissler

potash bulb, and through a second bulb witli barium-hydroxide into the

conical flask, which was tilted so that the water trickled out slowly as the

CO2 free air entered. This was continued till only a little water remained

—

just enough for tlie beans to imbibe. The tube througli which the water

had flowed was tlien connected to a barium-hydroxide bulb joined to

another Geissler potash bulb. Two clips closed the tubes leading to the

flask. A number of such experiments were performed ; and the time that

elapsed before CO2 could be detected on removing the clips and passing in

purified air was gradually narrowed down till it was detected with

certainty two hours after tlie moistening of the seeds with mercuric chloride

solution, though a slight turbidity appeared in the barium hydroxide bulb

on the exit an hour and a quarter after moistening. The great difficulty of

obtaining a perfectly clear solution of this hydroxide is the cause of the

uncertainty. Identical experiments with a saturated solution of chloroform

in water as the moistening liquid gave a copious precipitate of BaCOa after

eight hours, though none of the chloroformed seeds germinated. This gives

us reason to believe that the evolution of CO2 cannot be taken as an

indication of the renewal of living cell-metabolism ; and tlms the only ready

chemical test that can be applied is useless. I subsequently found that

F. Steward' has shown that this evolution of CO2 may, partly at any rate,

1 Ann. Bot., xxii., 1908, p. 415.
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be due to a respiratory enzyme being active after the cells have been

poisoned by chloroform or toluene, but not after formaldehyde poisoning.

This evolution of CO2 was also found in the case of desiccated beans heated

to a few degrees above 100°C., when moistened as described. A copious

precipitate was observed after six hours, but no experiments were tried

over a shorter period. All these oxidation experiments were carried out at

about 12°0.

Sttmmary.

1. Bean seeds, living or dead, take up the same quantity of water in

their initial stages.

2. The final weight reached, whether living or dead, is independent of

the presence of potassium nitrate, except in so far as the salt present alters

the density of the water.

3. The rate at which distilled water is taken up is not greater than the

rate at which the salt solution is absorbed, any difference which may exist

being masked completely by tlie variations between apparently similar seeds

under similar conditions.

4. Seeds placed in potassium nitrate solution, and then in pure water,

lose weight ; their final weight is then what it would have been had they

been placed direct in pure water.

5. Titrations show that bean seeds placed in normal HaSOi, decinormal

iodine, and decinormal sodium chloride produce no concentration of these

solutions. The chloride remains almost unchanged. The iodine is de-

colorized. The H2SO4 is to a small extent diluted ; a very sniall amount is

neutialized by extractable alkali, while the tissues of desiccated beans

neutralize 1'47 per cent, of their weight of H,S04.

6. These facts prove that there is no semipermeable membrane in bean

seeds till germination begins and the cell-protoplasm acts as sucli, and that

there is no difference in absorption between living and dead seeds until

after germination. The forces concerned are those of capillarity and

imbibition in the initial stages, but of osmosis after germination.

7. The evolution of OO2 may be detected less than two hours after the

air-dried seeds have been first moistened. CO2 may be detected with living

seeds, and with those killed by chloroform.

I wish to thank Dr. H. H. Dixon for his constant advice and for every

facility in obtaining apparatus and material.
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Plates V. and VI.

The following notes were made in northern Siam, either on orchids growing

naturally, or on specimens removed from the neighbouring jungles to my
garden for convenience in observation.

As I was able to work out most fully the mechanism of pollination in

Bendrohium Dalhousieanum Paxt., and as its mechanism is typical of that of

many other species of Dendrobium, I will give my observations on that

species first.

Dendrobium Dalhuusieanum has large flowers with a spreading perianth.

The lip is large and concave, with a patch of fimbria on its tip
;
posteriorly

it is produced into a short spur, which contains the nectary. A passage, the

roof of which is formed by the column, the sides by the sides of the lip, and

the floor by the disc of the lip, leads to the nectary. Hereafter I shall

refer to this portion of the flower simply as the passage. The direction of

the passage is upwards and backwards. Owing to a thickening of the disc,

the floor of the passage rises posteriorly till it meets the roof, thus blocking

the entrance to the nectary. There are three longitudinal ridges on the

disc, which end abruptly before the column is reached. A slight weight on

the lip depresses it sufficiently to allow of the entrance of a proboscis into

the nectary. A reference to Plate VI., fig. 1, which represents a longitudinal

section, slightly to one side of the median line, through the column and base

of the lip, will explain the structure of the flower more clearly. The anther

has a thin free edge pointing backwards and slightly overlapping the

SOIENT. PBOO. E.D.S. , VOL. XII., NO. V. K
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rostellum. The filament is attached just behind the apex of the anther, and

broadens towards its base, where there is a well-marked fold as though it

were being kept forcibly bent backwards ; a great deal of the elasticity of the

filament is no doubt due to this fold. The rostellum is broad ; its anterior

margin is thin and recurved ; its posterior margin is thickened ; it is jointed

about its middle to the prolonged anterior border of the stigma. Immediately

behind the rostellum is the large, slightly concave stigma which occupies

almost the whole breadth of the column, and forms a great part of the roof

of the passage.

This Dendrobiam is pollinated, as far as my observations go, entirely

by one species of bee. This bee Lieut.-Col. C. T. Bingham has very kindly

identified for me, from a very imperfect specimen, as Litliurgus atratus, a

species about the size of our honey-bee.

When the bee enters an undisturbed flower, it forces its way along the

passage towards the nectary, till its head rests in the angle formed by the

thickened disc of the lip and the column, its weight depressing the lip

sufficiently to admit of the insertion of its proboscis into the nectary. So

far, the position of neither the anther nor the rostellum has been altered.

On looking at the semi-diagrammatic representation of a section through

the flower on Plate YI., fig. 1, it will be seen that the retreat of the bee

is impeded by the posterior margin of the rostellum and the free margin

of the anther, both of which point downwards and backwards. As the

rostellum is jointed on to the upper border of the stigma, and the anther

is jointed to the tip of the filament, the bee, as it retreats, tilts both these

structures. The rostellum is tilted upwards till it comes in contact with

the poUinia, and deposits on them some of its sticky secretion ; the anther

is continuously tilted till the polliuia, now smeared with the sticky secretion

of the rostellum, come in contact with the thorax of the bee, to which

they firmly adliere. As the bee further retreats, the pollinia, now adherent

to the bee, are drawn completely out of their cells. By this time, the anther

has been tilted till it is completely free of the clinandrium, and when, by

the further retreat of the bee, it has been completely released, the elasticity

of the filament comes into play, and the empty anther is jerked downwards

till it lies in front of the entrance to the passage (Plate VI., fig. 2), When
free from the flower, the bee flies away with the polliuia adherent to its

thorax; on visiting another undisturbed flower, it makes its way into the

passage of that flower, wliere the pollinia on its thorax come into contact with

the stigma, and adhere to it. As the bee retreats, it leaves the pollinia of the

first flower on the stigma of this second flower, and withdraws the pollinia

of this flower from tlieir cells, leaving the anther blocking the entrance to
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the passage, as lu the case of the first flower. If, liowever, a bee attempts

to enter a flower which has received a previous visit from that or any

other bee, it finds the anther blocking the entrance to the passage; and

if it attempts to force its way in, it only pushes the antlier backwards,

till tlie latter comes in contact with the stigma (Plate VI., fig. 3], to which it

adlieres and whicli it completely covers, thus preventing the deposit of any

more pollen on the stigma, or, if no pollen has already been deposited, of

any pollen at all.

When the flowers are being frequently visited by bees, many may be

found with their empty anthers pushed backwards on to the stigmas.

This mechanism prevents self-pollination, and allows of only a single visit

to the nectary of each flower.

In the case of the first flower visited by a bee, pollination cannot take

place, as the bee enters without pollinia, and on its retreat leaves the anther

blocking the way to the stigmas.

I found that when a flower of Bendroblnm Dalliousieanum had its pollinia

removed, and placed on its own stigma by artificial means, the flower soon

withered away ; but when the pollinia were placed on the stigma of the flower

of another plant, that flower formed a capsule. Thus if self-pollination could

take place by natural means, it would probably be of no benefit to the flower.

I artificially pollinated seven flowers of D. Daltiousieaninn ; of these six were

pollinated with their own pollen, and all withered without showing any

swelling of the ovary ; the seventh was pollinated with pollen from the flower

of another plant, and formed a good capsule. I did not experiment on a

sufficient number of flowers to enable me to say definitely that a self-pollinated

flower would never produce a capsule ; but from these experiments, and from

the mechanism of the flower, it may be concluded that a capsule is never

naturally produced by self-pollination in this species.

Most of the Dendrobiums belonging to the section Eudendrobium show

the same mechanism as D. Dallwusieanum. In all the species belonging to

tliis section examined by me the fllameut was elastic, and the anther, after

dislocation, was jerked downwards in front of the entrance to the passage.

In the following list I give the results of artificial pollination in various

species of this section. In many cases the number of flowers experimented

with is too small to enable definite conclusions to be drawn with regard to

that species ; but the results, taken all together, tend, with a few exceptions,

to support one another. By the term " cross-pollinated," I mean that a

flower has been pollinated with the pollen from a flower on another plant.

Under the heading " Self-pollinated " I have included eleven flowers of

Z). capillipen, which were pollinated with the pollen from other flowers on the

e2
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same raceme, none of which produced capsules. In all other cases under this

head the flowers were pollinated with their own pollen :

—

Species.
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I frequently tried in this and other species to see if the polliuia would

rebound from the lip on to the stigma, when the anther was suddenly

dislocated, as C. Darwin has described in the case of D. chrysanthum ; in

D. capillipes, after many trials, I obtained this result once. In all my
trials the flower was held in its natural position. If such self-pollination

occurs in nature in D. caTpillipes, it must be of very rare occm-rence, and most

probably would not be followed by the formation of a capsule. I have had

no opportunity of examining D. chrysanthum.

Dendrobium senile.—In this orchid the filament is elastic ; and the anther,

on dislocation, falls downwards and forwards. Still access to the stigma is not

completely prevented, as the filament is relatively short, and does not allow

the anther to fall down sufiicieutly to entirely block the passage. Each

shoot of this species only produces one or two flowers. Frequently a whole

aggregation of plants growing naturally may be observed with only one or

two flowers ; so it may often happen that a bee, after visiting a flower, returns

to that same flower, and pollinates it with its own pollen, having meanwhile

made a fruitless search for another flower. Such a flower would then prob-

ably produce a good capsule, as in both the flowers which I experimentally

pollinated with their own pollen, good capsules were produced. The flowers

of this orchid remain fresh for a much longer period than those of any other

Dendrobium which I have observed. One of the flowers was self-pollinated

after having been in bloom for a month.

Dendrohium tortile.—The success of self-pollination in this species is

somewhat remarkable. The anther is rather small, but still when pushed

backwards it adheres to and protects the surface of the stigma.

Dendrobium crepidattim.—In this species the filament, though elastic, is

very slender, and tlie anther is readily knocked off, in which case free access

to the stigma is allowed after the flower has been already visited. Not only

did self-pollination succeed in the two flowers experimented with, but in

another plant of this species cleistogamy occurred, three buds which did not

expand forming capsules. In this case I believe the pollen tubes penetrated

the rostellum which normally, before the flower opens, comes to lie in close

proximity to the poUinia.

I have examined the flowers of a few species of Dendrobium not

belonging to the section Eudendrobium. The following are my results :

—

Dendrobium lasioglossum Eeichb. f. (?), D. draconis Eeichb. f., D. for-

tnosutn Roxb.—In these three species the filament is not elastic. When
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dislocated the anther does not fall forwards and block tlie entrance to tlie

passage ; yet in none of these species was self-pollination effectual. In

D. lasioglossum [?) one flower was self-pollinated without result; three flowers

of D. draconis were self-pollinated also witliout result, while two flowers of tlie

same species which were cross-pollinated produced good capsules ; two

flowers of D. formosum were self-pollinated without result.

Bendrobium parcion Eeichb. f.—In these species the flowers are small ; the

lip stands out horizontally much below the top of the column ; no passage is

formed between the lip and the column ; the column is not horizontal, but

nearly erect. The filament is very elastic, so much so that when the anther

is dislocated, it jerks the latter strongly downwards on to the stigma. The

anther then remains adherent to the stigma, preventing further access to

tliat organ. Five flowers of this species were self-pollinated without the

formation of a capsule ; one flower which was cross-pollinated formed a good

capsule.

Dendrobium secundum Lindl.—In this orchid the lip is small, and closely

parallel to the column ; the sides of the lip are turned up, and partially

embrace the column, forming a narrow passage (see PI. VI., fig. 4). On the

roof of tills passage is the rather deeply concave stigma. The anther has a

short non-elastic filament ; when dislocated, it is prevented by the up-turned

sides of the lip from falling down and blocking the entrance to the passage-

The filament is so slender at its insertion into the anther tliat the latter is

very easily knocked off. The pollinia, whioli are nearly black, adhere more

firmly to the object, by means of which they are removed, than in the case

of any other species of Dendrobium examined by me. The posterior border

of the rostellum forms a stiff forked plate, projecting backwards and down-

wards. The whole rostellum is fixed, and not hinged on the upper border of

the stigma, as is the case in D. Dalhonsieamim. The flowers grow in a dense,

short raceme. On examining one of these racemes, which is in full bloom

and which is being frequently visited by insects, it may be seen that the

older flowers towards the base of tlie raceme have lost their anthers, the

most recently opened flowers alone retaining their anthers. If a young

flower be taken, its pollinia removed, and then an attempt made to insert

the pollinia into its own stigma, it will be found quite impossible to do so

owing to the narrowness of the entrance to the stigma. On examining an

older flower, it will be seen that the stigma has widened considerably, so that

the pollinia can enter with ease. If the pollinia be removed with a fine

style from a young flower, and introduced into one of the older flowers with

a wide stigmatic cavity, it will be found that, on withdrawing the style, the
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polHnia are caught by the stiff posterior border of the rostellum, which

scrapes them off the style and retains them in the stigmatic cavity. In this

species, then, self-pollination is prevented, as the pollinia are removed from

a flower before its stigma has opened out sufliciently to admit them. A
reference to PI. YI., figs. 4, 5, and 6, -will better explain the structure of the

flower in this species.

Bendrobium stiiposiim Lindl.—The filament is not very elastic ; but the

anther on dislocation falls over the entrance to the passage. Three out of

five self-pollinated flowers produced capsules.

Bendrobium incurmm Lindl. (:').—On dislocation the antlier falls forward

;

but the filament is not long enough to allow of the anther being puslied over

the stigma ; however, the dislocated anther would probably prevent access

to the stigma unless it was knocked off the filament. Five self-pollinated

flowers produced no capsules.

Bendrobium bellatuhim Rolfe.—The filament is slightly elastic ; but the

dislocated anther is with difiiculty shoved on to the stigma. The passage

is very large, and only very partially blocked by the dislocated anther.

Two self-pollinated flowers produced capsules.

Bendrobium ciliafum Parish.—The filament is very short. The anther, on

dislocation, does not block the passage ; any pressure from tlie front only

pushes it back into its original position. Although in this species there

is no mechanical contrivance to prevent a flower being pollinated with its

own pollen, my experiments show that self-pollination is not effective.

Sixteen flowers which were self-pollinated produced no capsules, two cross-

pollinated flowers producing good capsules.
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Eeproductions of photographs of the flower of Dendrobium Dalhousieanum

Paxt., with the petal and sepal on one side removed, also half of the lip and of the

dorsal sepal. The nectary has not been opened. For three of these photographs

I used a dead specimen of the common English honey-bee, which is approxi-

mately the size of Lithurgus atratus, the bee which fertilizes this orchid in

N. Siam. The photographs are slightly smaller than life size. The flowers were

very kindly supplied by Messrs. Sander, of St. Albans.

Pig. 1.—Normal position of anther.

Fig. 2.—A bee, after entering the passage, has just commenced to retreat.

The anther is very slightly tilted.

Fig. 8.—The bee has retreated clear of the passage, but is not yet free of

the anther, which is now considerably tilted. The pollinia

have been drawn from their cells, and can be seen adherent

to the thorax of the bee.

Fig. 4.—A bee attempting to enter after the dislocation of the anther.
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Dendrobmm Dalhousieanum Paxt.—Three semi-diagrammatic sections through

the column and base of lip, slightly to one side of the median line.

Fig. 1.—Normal position of parts: a, vascular bundle of column ; b, base

of dorsal sepal removed ; c, fold of filament ; d, filament

e, anther
; /, pollen-cell

; g, rostellum ; h, stigma ; i, passage

k, ridge on lip ; I, callus on lip ; m, base of sepal ; n, nectary

o, stigmatic canal.

Fig. 2.—Anther after dislocation, thrown forwards and downwards, by the

elasticity of the filament. The anther should be a little

lower.

Fig. 3.—Position into which the anther is shoved if a bee attempts to

enter a flower for a second time. The anther is adhering to

the stigma.

Dendrobmm secundum Lindl.

Fig. 4.—Longitudinal median section through the flower : p, petal. The

rest of the lettering as in Fig. 1.

Fig. 5.—Column and portion of sac of a young flower showing narrow

stigma.

Fig. 6.—Column and portion of sac of an older flower with the stigma

widened out; the anther has gone.



SCIENT. PROC.R.DUBL. SOC, N.S., Vol. XII.

h

PLATE VI.

West.Newmaji lith.





THE

SCIENTIFIC PROCEEDINGS
OF THE

ROYAL DUBLIN SOCIETY.

Vol. 511. (I.S.), No. 6. APEIL, 1909.

PRODUCTION OF AMMONIA FROM
ATMOSPHERIC NITROGEN.

HERMAN C. WOLTERECK, Pir.D.

lA ufhors alone are responsible for all opinions expressed in their Communications.']

DUBLIN

:

PUBLISHED BY THE EOYAL DUBLIN SOCIETY,
LElKSTEll HOUSE, DUBLIN.

WILLIAMS AND NORGATE,
14, HENRIETTA STREET, COVENT GARDEN, LONDON, W.C.

1909.

Price Sixpence. mc^^''' '""^^'^f/^

OCT 4 1911

•^onal IVluseu«^





Keirr—The Pollination of certain Species of Dendrobium. 53

pollinia are caught by the stiff posterior border of the rostellum, which

scrapes them off the style and retains them in the stigmatic cavity. In this

species, then, self-pollination is prevented, as the pollinia are removed from

a flower before its stigma has opened out sufficiently to admit them. A
reference to PI. VI., figs. 4, 5, and 6, will better explain the structure of the

flower in this species.

Dendrobium stuposum Lindl.—The filament is not very elastic ; but the

anther on dislocation falls over the entrance to the passage. Tliree out of

five self-pollinated flowers produced capsules.

Dendrobiuni incurvum Lindl. (r*).—On dislocation the antlier falls forward
;

but the filament is not long enough to allow of the anther being pushed over

the stigma ; however, the dislocated anther would probably prevent access

to the stigma unless it was knocked off the filament. Five self-pollinated

flowers produced no capsules.

Dendrobiuni beUatulum Eolfe.—The filament is slightly elastic ; but the

dislocated anther is with difficulty slioved on to the stigma. The passage

is very large, and only very partially blocked by the dislocated anther.

Two self-pollinated flowers produced capsules.

Dendrobium ciliatum Parish.—The filament is very short. The anther, on

dislocation, does not block the passage ; any pressure from the front only

pushes it back into its original position. Although in this species there

is no mechanical contrivance to prevent a flower being pollinated with its

own pollen, my experiments show that self-pollination is not effective.

Sixteen flowers which were self-pollinated produced no capsules, two cross-

pollinated flowers producing good capsules.

SOIENT. PROO. E.D.S., VOL. XII., NO. V.
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.

By HERMAN C. WOLTERECK, Ph.D.

[communicated by professor HUGH RYAN, M.A., D.SC]

Read December 22, 1908. Ordered for Publication Feekuary 15. Published April 3, 1909.

This process was developed by the investigation of certain observations made

in the course of experiments for the synthetical production of hydrocyanic

acid, which were carried out by Professor Esohweiler and myself in 1900 at

the Technische Hochschule, Hanover. In the course of our observations it

was found that ammonia is always formed when a dry mixture of hydrogen

and nitrogen is passed over so-called reduced iron suspended on asbestos fibre,

and heated to a temperature approaching dark-red heat (about 500° C). This

forms an excellent lecture experiment, as it requires little preparation and

time, and gives a very strong reaction with nesslerized water a few minutes

after starting the experiment. Sir William Ramsay, in October, 1901, was

kind enough to verify this observation, and produced 11 mg. of ammonia in

his laboratory by this method. However, this reaction is fugitive, and the

formation of ammonia stops after a certain time.

On modifying these experiments, and starting with iron oxide, over which

a mixture of air and coal-gas was passed, larger quantities of ammonia were

obtained. This led to a series of experiments with different metallic oxides.

It was found that under the above conditions ammonia was produced by the

oxides of the following metals :—nickel, cobalt, copper, cadmium, silver, lead,

bismuth, chromium, and iron—the last three giving the best results.

The experiments were generally arranged in such a manner that the

oxide was supported by asbestos fibre in a combustion-tube which was heated

to dull red heat. Illuminating gas and air in about equal quantities, after

having been passed tlirough dilute sulphuric acid previously tested for

nitrogen compounds, were passed over the oxide, which in most cases^became

incandescent. Water was condensed and collected in a IJ tube arranged

behind the combustion tube, and gave a distinct alkaline reaction after several

hours' duration of the experiment. The use of glass combustion-tubes proved

very inconvenient on account of their frequent breakage by the condensed
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water, and a f-inch iron barrel was substituted therefor. It was found, after

many experiments, that the presence of an increasing quantity of water-

vapour was an advantage, and the gases were passed through distilled water

at about 80° 0. before entering the tube.

I have since been able to repeat and confirm these experiments with a

quartz tube.

From the experiments carried out the following are typical—A f-inch

iron barrel filled with crystalline iron oxide was heated to a dull red heat

;

the quantity of gases passed through was—air 1'81 cubic feet, and illuminat-

ing gas 0'92 cubic feet (proportion 2:1); the total ammonia produced was

544 mg.

Oxidized wire was next substituted for iron oxide and the quantity of

illuminating gas reduced step by step until 5-2 cubic feet of air and 0-066

(proportion 78:1) of illuminating gas produced 112'2mg. ammonia. This

led to experiments in which illuminating gas or free hydrogen was omitted

altogether, an experiment being made under the following conditions :

—

A l|-inch iron barrel with a T piece fitted into it for insertion of a pyro-

meter, so that the exact temperature could be determined, was filled with

freshly reduced iron wire gauze ; and over this air, carefully freed from

impurities and mixed with steam, was passed.

A more exact description of the apparatus used in the following quanti-

tative experiments described will show that no precaution was omitted

to obtain indisputable results.

The genera] arrangement of the apparatus in all the quantitative experi-

ments referred to was as follows :

—

The air was taten through an experimental wet meter (either pressure or

suction may be used) giving readings in iV cubic foot per revolution, and

having four dials to allow readings to be taken up to 1000 cubic feet to allow

for continuous work. The water filling the meter was carefully tested for

ammonia. The gases from the meter passed a precision-valve, by means of

which the flow of the same could be exactly regulated to prevent any change

in the amount of air passing the apparatus in any given time after having

once been regulated.

The air passed next through a wash-bottle containing concentrated

sulphuric acid which had been proved to be free from any nitrogen compounds

by careful tests. From this wash-bottle the air passed through a flask con-

taining a measured quantity of distilled water, free from nitrogen compounds,

kept in a continuous level water-bath at a temperature of 80°0. From this

flask, the air, now saturated with water-vapour, passed into the iron barrel

placed in a combustion furnace, and containing the rolls of iron gauze or other
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material referred to later on. The iron barrel, of a diameter of 1 J inch, con-

sisted of two six-inch leugtlis connected in the middle by a T piece, which

allowed the insertion of a thermometer or pyrometer, the bulb of which could

be placed in the exact centre of the iron barrel. This iron gauze or other

material (peat, &c.) was arranged in equal quantities on either side of the

thermometer bulb. The thermometer was held in position in the T piece by
a special preparation of asbestos fibre and plaster-of-Paris, which had also

been carefully tested, and proved to contain no nitrogen compounds.

The iron barrel was provided at both ends with reducing pieces to \ inch,

allowing a short length of j-ineh iron tube to be screwed into the end

admitting the air from the flask

The gases were passed through a Liebig condenser, and through dilute

sulphuric acid in a special absorption apparatus.

All results were duplicated for comparison and determined by distillation

with sodium carbonate, absorption in —V n- HCl, and titration with j^-g-

n. Na^COa.

To determine the most favourable temperature a series of experiments

was made under the following conditions :

—

A li-inch iron barrel was filled with freshly reduced iron wire gauze, and

air saturated with steam at 80° C. was passed over it at a uniform rate and

under identical conditions, except for variations in temperature.

The duration of each experiment was 4| hours ; and the amount of air

passed was 4| cubic feet, the contact material being reduced after each test

for several hours by means of carbon monoxide. The yields in milligrams at

the different temperatures were as follows :
—

250-300° . . 80-3 mg. 400-450° . . 73-4 mg.

300-350° . . 204-0 mg. 450-550° . . 41-7 mg.

350-400° . . 119-0 mg. 550-650° . . 23-6 mg.

By comparing the results of this series of experiments, it was found that

under the various tested conditions the most favourable temperature was

between 300 and 350° C.

To exclude ammonia, which might be obtained from the decomposition of

iron nitride, the iron tubes used in these experiments were treated for several

days with steam and carbon monoxide alternately, until the quantity of

ammonia formed per hour did not exceed 0-01 mg.

Experiments were then made to determine whether it would be possible to

lengthen the zone of contact; and an iron barrel 6 feet long and li inches

in diameter was filled with wire gauze, and placed in a lead bath at a

temperature of 350° C, air and steam being passed through it under the

same conditions as in the former series.
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The yields of ammonia obtained in six separate experiments compared

with those at tlie corresponding temperature of the former series with a 6-inch

zone of wire gauze were only between one-seventh and one-tenth of the

former; and therefore it is to be concluded that ammonia is redeeomposed by the

prolonged contact with the iron. An observation which was made in the course

of the series of experiments described showed that, as the oxidation of the

iron proceeded, the formation of ammonia decreased, and that it was necessary

to reduce the iron from time to time by passing carbon monoxide or hydrogen

over it at a higher temperature. This rather complicated matters ; and experi-

ments were made to discover a material the oxidation of which should produce

favourable results, while being so cheap as not to require a subsequent

reduction. Such materials were found in coke, charcoal, brown coal, peat

—

in fact, any carbonaceous material.

Experiments were made by passing air and steam over coke, 80 grams of

which yielded in 47 hours 1'7948 gram of ammonia, equal to 8'9 per cent, of

sulphate of ammonia on the quantity of coke consumed : the amount of air

passed over was t31 cubic feet. On repeating the experiment at a slightly

higher temperature with 78 grams of coke, 2
1 1 cubic feet of air produced in

25 hours r443 gram of ammonia, being 7'3 per cent, of ammonium sulphate

on the coke consumed. This result shows that, with the higher temperature

in a shorter time and with less air, very little less ammonia is produced than

with the lower temperature, in spite of the fact that the heating was, in the

first place, carried on for a longer time. The coke experiments closely

approach the field so thoroughly investigated by Beilby and Toung, and by

Dr. Ludwig Mond ; but, however nearly these investigators approached the

actual synthesis of ammonia from the nitrogen of the atmosphere, they did

not achieve it, since the principal object aimed at by them was the production

of gas suitable for heating or for power pui-poses, and ammonia was only

considered as a by-product.

The temperature employed by Beilby and Young was about 1000° 0.

and the average composition of the gas obtained by them was :

—
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Dr. Mond obtained his results at a slightly lower temperature, stated by

him as a dull red heat, and corresponding to about 800° C. The average

composition of the gases obtained by him he stated to be :

—

Per Cent.

CO, ... . 10
I

H, . . . . 23 ^ 36 per cent, combustible gases.

Hydrocarbons, . . 3
j

Owing to the low temperature employed in my process, no combustible

gases can be produced, since the reaction between carbon and steam only

begins at and above 550° C.^

On examining the gases leaving the apparatus in my laboratory experi-

ments, the entire absence of hydrogen and carbon monoxide could be shown

;

and on experimenting on the largest scale only maximum quantities under

4 per cent, of hydrogen and carbon monoxide could be detected. These

were entirely due to local superheating, since the temperature of reaction

was always kept below that at which steam may be decomposed by carbon

(550° C.) or carbon dioxide reduced to carbon monoxide (600° C). The

gases produced contained generally about 18 per cent, of carbon dioxide.

The time required in the coke experiments already mentioned appeared

very long ; but by substituting peat for coke it was found that the pro-

duction of considerable quantities of ammonia was possible in a very much

shorter time.

40 grams of peat containing 26*2 per cent, of moisture and 1"54 per

cent, nitrogen, calculated on absolutely dry peat, were treated with air

and steam, and left 11 grams of ash. The quantity of ammonia pro-

duced was 370 mg., equal to 8 per cent, of sulphate of ammonia on the

peat substance consumed.

A great many experiments were then made with a horizontal iron

retort, such as is employed in coal-testing; audit was found that average

yields of 10 per cent, of sulphate of ammonia were obtained on the

quantity of peat consumed. As it was found that in most cases the

ammonia produced greatly exceeded the quantity that could be accounted

for by the nitrogen in the peat, the conclusion was of necessity arrived

at that part at least of the ammonia must have been produced synthe-

tically, induced by the oxidation of the carbon obtained from the peat.

To determine with absolute certainty the question whether the oxidation

of carbon under these conditions, as was the case with iron, would induce

the formation of ammonia, pure sugar carbon was used, thus excluding

the possibility of any nitrogen being present in its combined state.

1 Dammer, " Handbuch der Anorganischen Chemie," 1892, vol. 1, p. 365, line 19.
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Donny/ in 1846, found that it was possible for a column of sulphuric acid

1'255 m. long to hang in a vertical glass tube sealed at the upper end, even

when the atmospheric pressure was removed from the lower open end. He
explained this phenomenon as due to the adhesion of the sulphuric acid to the

glass and to the cohesion of the liquid itself.

He compares this behaviour of the sulphuric acid to the well-known

experience that the mercury in a barometer is retained above the actual

barometric height, if the tube, completely filled by inclining it, is gradually

raised to a vertical position. He further points out that this phenomenon

has been explained by Laplace, as due in a similar manner to the adhesion

of the mercury to the glass and to its own coliesion.

Donny points out that when one withdraws a plane disc from contact

with a surface of water, the cohesion of the latter does not come into play
;

but the column of water connecting the disc with the liquid below at first

grows gradually thinner until, at a moment when the disc has been raised to a

certain heiglit above the general level of the lower liquid, the column spon-

taneously draws in from the edges of the disc, and when its diameter becomes

extremely small, breaks in two. He also shows that, in a tensile liquid

column a bubble, sufficiently small to have surface-tension forces capable of

supporting the hydrostatic head of the liquid below, will not destroy the

tensile state. He, however, failed to demonstrate the cohesion of water by

the same method which had been successful in the case of sulphuric acid.

But he points out that the coliesion of water may be observed in another

way. A straight glass tube sealed at both ends, partly filled with water,

and enclosing some air, is supported vertically in one hand of the experi-

menter, while he vigorously strikes the lower end with the palm of the other

F. Donny, Sur la cohesion des liquides, et sur leur adherence aux corps solides. Ann. de

Chimis et de Physique, ser. 3, tome xvi., 1846, pp. 167 et seq.
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hand. At tlie moment of the shock, bubbles open in tlie water and close

immediately with a metallic click. When a tube, exactly similar to the last,

but exhausted of air, is treated in the same way, no bubbles are developed,

nor is the click lieard. Donny explains that, in the first case, tlie blow causes

minute bubbles in the liquid to be opened against their surface-tension forces

and the air-pressure in the tube, and that therefore, in the second case, where

the bubbles are not formed, the cohesion must be greater than these two

forces taken together. Donny believed that even a very little air dissolved

in the water suffices to reduce the tenacity of water to a vanishingly small

figure.

He also points out that the boiling of liquids is retai'ded when air is

removed from them, owing to their increased cohesion ; and it is the cohesion

being suddenly overcome which causes explosive boiling.

Berthelot,^ a few years afterwards, succeeded in showing very simply that

water has a very considerable cohesion, and, under proper conditions, can

sustain a very great tensile stress. His experiment has been so often

misquoted that it may be well to quote his own description of his method :
—

" Si Ton remplit d'eau a la temperature de 28 ou 30 degres un tube eapillaire

un pen fort, ferme par un bout et termine de I'autre par une pointe effilee ; si

Ton refroidit ce tube jusqu'a 18 degres, de facon a y faire rentrer une certaine

qtiantite d'air par la pointe ouverte ; si alors on le ferme et qu'on chauffe de

nouveau jusqu'a 28 degres, et graduellement au-dessus, au bout de certain

temps I'air se dissout completement. Si Ton refroidit a 18 degres temperature

initiale a laquelle le tube renfermait a la fois du gaz et du liquide, on

remarque que I'eau continue a occuper la totalite de la capaeite interieure, et

conserve ainsi une densite invariable de 28 a 18 degres ....

" La variation de densite ainsi produite est enorme : pour I'eau elle est

egale a -^^-Q de son volume a 18 degres . . . Un semblable eifet, pour se produire

eu sens eontraire, exigerait une pression d'environ 50 atmospheres pour I'eau."

Dr. Joly and the author- also carried out some experiments on the

behaviour of stressed water in presence of air. These experiments were

designed to find out if water adhered to the conducting tubes of plants suffi-

ciently vigorously to transmit the stress needed to raise the _transpiratiou

stream. Also we were misled by erroneous quotations from Berthelot's paper

into believing that this investigator had only experimented with air-free water.

As was anticipated, we found that water containing large quantities of air in

' M. Berthelot, Sur quelques phenomenes de dilatation foreee des liquides. Ann. de Chimie

et de Physique, xxx., 1850, pp. 232 et seq.

2 Dixon and Joly, On the Ascent of Sap. Phil. Trans., Eoy. Soc, vol. 186 (1895), B.
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solution and in contact with wet wood, was stable while sustaining consider-

able stresses.

In our experiments the tension developed as in Berthelot's by the con-

traction of the cooling liquid was measured by the deformation of the

containing vessel, which was consequently made sufficiently large, and with

walls of sufficient elastic yield, to render its collapse appreciable. The

change in volume due to the pressure of one atmosphere was determined ;
and

so the tensions producing the observed change could be estimated. We found

that the adhesion to the glass and to the conducting tracts of plants and the

water's own cohesion must be greater than 7*5 atm.

More recently the author^ showed that the water in a cell, distended by

osmotic pressure, could also sustain a considerable tension.

Having had occasion recently to look up Berthelot's paper, I repeated his

experiment on water enclosed in thick capillary tubes ; and as some of my
results give a much higher minor limit for tensile strength of water than

his, I liave thought it of interest to record them here. The dimensions

of the tubes used were as follows :

—

No. Length. Bore. Thickness of Wall.

I. 22 cm. 1-0 mm. 2-0 mm.

II. 22 cm. 1-0 m. 2-0 mm.

III. 19 cm. 1-0 mm. 3-0 mm.

IV. 19 cm. 1-0 mm. 30 mm.

v. 14-5 cm. 1-0 mm. 3-0 mm.

VI. 15 cm. 1-0 mm. 3-0 mm.

VII. 15-5 cm. 1-0 mm. 30mm.
VIII. 17-5 cm. 1-0 mm. 3-0 mm.

In each case the tubes were first cleaned with a solution of caustic potash,

which was afterwards removed by repeated rinsing with boiled, distilled

water. A piece of the wood of the yew [Taxus haccata) was then introduced,

and, after being filled with boiled water, the tube was kept submerged in

boiling water for an hour or so. Before sealing the drawn-out end, the

water was allowed to cool ; and a millimetre or more of the bore was cleared

of water by warming tlie point in a flame. When all was cool, the fine end

was sealed.

In the table given below is a record of my experiments; for each

experiment the temperature U at which the tube is completely filled, and

the temperature ti at which rupture took place, are given in the fifth and

sixth columns respectively.

^ Dixon, A Transpiration Model, Proc. Roy. Dublin Soc, vol. x., 1903, p. 114.
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From these observations the tension may be roughly determined according

to the formula

/3
=

Fi P. - P,

when |3 = the coefBcient of compressibility of water, Vi = volume under

the lower pressure Pi, V^ = volume under the increased pressure Po. A
tension = Po will bring about the same change of volume in tlie opposite

sense. Evidently the apparent change of volume of the water due to this

tension must be corrected for the contraction of the glass cooling through the

range of the experiment. This may be allowed for by the formula

(5ll-a{t,~t,)\'

T = tension

;

a = coefficient of expansion of water over the range

;

g = coefficient of cubic expansion of glass = 2*4 x 10"'^

;

ti = temperature of rupture

;

4 = temperature when tube is full.

Introducing the correction for the elastic yield of the glass, this becomes

y,^ (g - cj) {h - h)
.

1 fr'^ N^

B' - r' \7c

where li = external radius of tube,

r = internal radius of tube,

k = compression modulus of glass (volume elasticity),

n = torsion modulus of glass (torsional rigidity).

The value of a was obtained from the table of the volume of water at

different temperatures in Landolt-Bornstein, Physikaliseh-Chemische

Tabellen, by E. Bornstein and W. Meyerhofer, Berlin, 1905, pp. 38 and 39.

The compressibility coefficients /3 for different pressures and temperatures are

given on p. 60 of the same tables.

In the accompanying table are recorded the experiments on eight different

tubes, and in it are recorded the radii H and r, the observed temperatm-e when

the tubes were full f-i, and the temperature at which the rupture took place

ti, together with a, the coefScient of expansion for water over the range

(4 - ^i), and finally the tension calculated according to the above formula.

1 1 am iudebted to Mr. J. E. Cotter for adapting these formulae and rendering them suitable for

application to these experiments.
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Throughout the coejEEcieut of the expansion of glass is

gf = 2-4 X lO-\

k = compression modulus of glass = 4 x 10° atm.

n = torsion modulus of glass = 3 x 10' atm.

Table.

1
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Fifteen minutes was occupied in raising the water of the beaker through

the next degree, so that the water in the capillary tube must have very

closely approximated to the temperature indicated by the thermometer in

the beaker. By proceeding in this way every effort was made to avoid

exaggerating the temperature at which the tube filled. The large amount

of water in the beaker secured that the cooling should be extremely slow

before the reappearance of the bubble, so that it is improbable that the

thermometer gave readings sensibly different from the temperature of the

tube.

In spite of these precautions, differences are observed in the successive

experiments with the same tube. These can scarcely be due to errors of obser-

vation. It generally happened that when a tube was heated on successive

days, lower readings were obtained for the " full " temperatures in the

later observations. See experiments 4, 5, and 6 on tube 11. Occasionally,

however, the " full" temperature rises after a time, viz., experiments 1, 2,

and 3 on tube I.

As a general rule, the temperature of rupture lowers with time, suggest-

ing that adhesion is improving. It may be noted that some very high

values of adhesion of water to copper were accidentally obtained in tube II.,

in which by chance some minute shavings of copper were included.

These experiments amply confirm Berthelot's observations of the tensile

strength of water containing air, and they raise the minor limit obtained by

him of its cohesion and its adhesion to glass from 50 atm. to over 150 atm.

They furtiier show that the adhesion to the walls of the conducting tracts is

also over this figure. It is also evident that such a tensile strength as is

thus ascertained for water is more tlian sufiicient to withstand the stresses

developed in lifting the transpiration stream in plants, and in overcomino-

the resistance of the conducting tracts.
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Dixon—Note on the Tensile Strength of Water. 05

Fifteen minutes was occupied in raising the water of the beaker tlirougli

the next degree, so that the water in the capillary tube must have very

closely approximated to the temperature indicated by the thermometer in

the beaker. By proceeding in this way every effort was made to avoid

exaggerating the temperature at which the tube filled. The large amount

of water in the beaker secured that the cooling should be extremely slow

before the reappearance of the bubble, so that it is improbable that the

thermometer gave readings sensibly different from the temperature of the

tube.

In spite of these precautious, differences are observed in the successive

experiments with the same tube. These can scarcely be due to errors of

observation. It generally happened that when a tube was heated on

successive days, lower readings were obtained for the " full " temperatures

in the later observations. See experiments 4, 5, and 6 on tube II.

Occasionally, however, the " full " temperature rises after a time, viz.

,

experiments 1, 2, and 3 on tube I.

As a general rule, the temperature of rupture lowers with time, suggest-

ing that adhesion is improving. It may be noted that some very high

values of adhesion of water to copper were accidentally obtained in tube II.,

in which by chance some minute shavings of copper were included.

These experiments amply confirm Berthelot's observations of the tensile

strength of water containing air ; and they raise the minor limit obtained by

him of its cohesion and its adhesion to glass from 50 atm. to over 150 atm.

They further show that the adhesion to the walls of the conducting tracts is

also over this figure. It is also evident that such a tensile strength as is

thus ascertained for water is more than sufficient to withstand the stresses

developed in lifting the transpiration stream in plants, and in overcoming

the resistance of the conducting tracts.

SCIENT. PEOC, K.D.S., VOL. XII., NO. VII.
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VIII.

THE COLOURS OF HIGHLAND CATTLE.

By JAMES WILSON, M.A., B.Sc,

Professor of Agricultm-e in the Uoyal College of Scieace, Dabliii.

[PuUished Mat 15, 1909.]

(Plate VII.)

[N'oTE.—In the tables in this paper the colours of the parents are indicated by capital letters placed

above the columns showing the colours of their progeny. B stands for black, R for red,

Br for brindle, Y for yellow, D for dun, L for light dun, and j8 for brown or doiin.']

The Highland breed of cattle is of very mixed descent : more so, perhaps,

than any otiier British breed excepting the Longhorn, wliose genealogical

tree is closely parallel. Historically, the foundation consists of the old black

race which at one time inhabited the whole of Britain, while the additions

have come from difierent directions at times which cannot be fixed with

more than approximate accuracy.

The earliest addition was the white cattle brought from the South of

Europe by the Eomans, which, if it did not reach the Highlands in Roman

times, did so before the Middle Ages. It is not asserted that there ever

were many white cattle in the Highlands, but that they were tliere is proved

by an occasional white reported at one time and another among Highland

cattle. It is also highly probable that the picturesque horns of the Highlander

are a legacy from the Roman cattle.

It would be difficult to say which of the other additions was the first to

reach the Highlands ; but tlie red Saxon cattle were the first to reach Britain,

and had a handicap of several hundred years to wander from the English

Midlands to the South-Eastern Highlands before tlie other addition came in

at other points. Tiiat other addition was a dun-coloured^ race which, since it

survived in pockets round the coasts of Scotland and England till com-

paratively recent times, was pi-esumably of Scandinavian origin.

' It was what is now called light dun, a kind of steely whity-grey which is as difficult to paint

as it is to describe.
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lu the maiu, therefore, the colours of Highland cattle trace back to a

three-fold origin of black, red, and dun. Other " markings " were introduced

at different times, as, for instance, white finch-backs, white faces, and white

underlines, like those of the Longhorn and the Hereford ; but, like the

whole white colour of the Roman cattle, these have been almost entirely bred

out.

In eighteenth- and early nineteenth-century writings, new colours

—

perhaps new names—appear ; but, till the middle of the nineteenth century,

tlie old black colour held a lead over tlie others, some of which were numerous

in one place, some in another. In his " Report on the Present State of the

Outer Hebrides,"' Macgillivray says of the cattle of those parts :
—

" The

most common colours are black, red, brown, or brandered, that is a mixture

of red and brown in stripes. A whitish dun colour is also pretty

frequently seen." A correspondent of Touatt's tells him that the cattle of

Ross-shire " are of all colours, but black and brindled predominate";' while

of the Forfarshire horned cattle, which may be taken as typical of the North-

Eastern counties from which the Highlander has almost entirely receded,

Touatt himself writes :—" The prevailing colour is black, but witli more

admixture of other tints : some have white spots on tiie forehead, and white

on the flanks and belly. There are more brindled cattle tlian in Aberdeen
;

some are dark red, and others of a silver yellow or dun. A few are black

v^ith white hairs intermixed ; and occasionally a beast is seen tliat is altogether

white, with the exception of a few black hairs about the head."^

Since those days brown and white have almost completely dropped out;

and when the " Highland Herd Book " was established in 1885, there were

really only five main colours, viz., black, red, brindled, yellow, and dun.

More recently breeders have attempted to distinguish between the different

shades of some of these colours by saying " light red," " dark red," " light

yellow," " dark yellow," and so on ; but tlie practice is not so general as to

be of much avail in sorting out the colours.

Within the last half century breeders have shown an aversion to blacks

and duns and a preference for reds, yellows—oue of the new colours—and

brindles, with the result that, while the former colours have gone down in

numbers, the latter have gone up.

The following table shows approximately the relative numbers of calves of

the five main colours entered in the second and fifteenth volumes of the

Prize Essays and Transactions of the Highland Society of Scotland, 1831, p. 263.

Youatl's " Cattle," 1834, p. 97.

Ibid.,^. 113.

N 2
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"Herd Book" respectively, publislied in 1887 and 1908, and indicates the

accumulating effect of this change of taste :

—
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through it when looked at closely'"—and this source of inaccuracy is

intensified by the difficulty of always telling an animal's colour truly till

it has cast its coat.

The following table shows the colours of calves from tlie matings in the

second volume of the " Herd Book/' where the colours of calves and parents

are recorded :

—

Table I.—Matings in volume ii.
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and loins remarkably broad ; and being of greater weight in seemingly less

compass than any beasts I ever saw ; whether, from being without horns, &c."

This quotation indicates that dun is dominant to black ; but, while the indi-

cation is apparently sustained by column 15, it is opposed by column 5, which

suggests rather that either black or dun is a hybrid, one of the other. We
shall find what they are later.

Apart from previous knowledge, the columns themselves carry some

suggestions. Column 10 suggests that, contrary to previous knowledge,

brindle is an intermediate hybrid between black and red, and this suggestion

is partially confirmed by columns 3 and 7 ; while columu 13 suggests that

yellow is an intermediate hybrid between red and dun : a suggestion which

is partially confirmed by columns 8 and 14, but opposed by column 9. To

test these suggestions, we shall examine first the entries in the last three

volumes of the " Herd Book " (xiii., xiv., and xv.), which are presumably

more accurate than those in volume ii.

Table II.—Matings in volumes xiii., xiv., and xv.
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The KiNNAiiiD Yellows.
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dun gives 1 red and 2 yellows ; red by both duns gives 8 yellows and 9

duns; and yellow by yellow gives 15 reds, 40 yellows, 13 duns, 1 black, and

5 brindles.

The observation that dun has something to do with black draws attention

to column 1 of this table, the details of which indicate that either dun or

black is a hybrid of the otlier. Remembering that some of the blacks

contain red, the 5 yellows point to light dun as the third colour concerned.

Column 5 suggests that dun is the hybrid, and light dun and black the

parents, and column 6 offers strong confirmation.

These suggestions as to the constitution of both yellow and dun can be

confirmed again by reference to their parentage. On examining the last table

in this paper, it will be seen that tliese colours can only be produced by

parents of certain colours. A search through the last half dozen volumes of

the " Herd Book " reveals only a few cases to upset our conclusions, and

in ueai'ly all tliese cases one or other parent was red, a colour, as we have

shown, exceedingly liable to error of description. These suggestions as

to the constitution of yellow and dun are also supported by the colours

reported among tlie descendants of the extinct British light dun breeds

during their absorption by other breeds. The descendants of light duns

that were absorbed by red breeds passed through a yellow stage, while those

absorbed by black breeds passed through a dun stage. The Sufiolks and the

Galloways are instances.

Let us now return to the brindles, some of which, as already remarked,

are apparently hybrids between blacks and reds ; but which, if such, show

that the blacks or the reds or both among Highlanders are different from

other blacks and reds. It will be noticed on referring to Table I, that, but

for the presence of a few intruding yellows, brindles, and duns, the blacks and

the reds, when bred to themselves, behave as they do in other breeds ; and

again, on referring to Table II, that the reds behave like other reds, excepting

for the presence of 14 brindles and 9 duns. The readiest explanation is that

some of the reds concerned were really brindles, and some were so light in

colour as to be mistaken for yellows.

But what as to the suggestion that there may be a new kind of red

or black among the Highlanders ? It is very striking that the otlier

breeds in which brindles occur are breeds which include only a very few

blacks or none at all, but which include some cattle so nearly black that

some ingenuity is exercised in getting other names than black to dis-

tinguish them. Tliose other breeds are the Longhorn and the Jerse}\

Among the Longhorns there are " plums " and " mulberrys," and the

plums are sometimes entered as " black or plum." A search through
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the " Longhorn Herd Book " shows these phims to be tlie progeny of

two briiulles; which, in turn, shows plum to have been one of the parents

of brindle : red usually having been the otlier. Among the Jerseys there

are " browns," " dark browns," " mulberrys," and " rare specimens which

are more or less black."' Writing in 1812, Qaayle' says that, among other

colours, tliere were '' black with dingy brown-red about tlie nostrils and

on the back-ridge," and also " black and white." Among pure-bred Jerseys

briudles are not unknown ; and, when these dark-coloured ones are crossed

with red cattle, as, for instance, the Sussex breed, a very large proportion, if

not all, the calves are briudles. Is there any corresponding colour among

Highlanders ; and, if so, is there any evidence that this colour ever produced

briudles when mated with reds or any other Highland colour, or that this

colour was ever produced wlien briudles were mated together ? On tliese

points an experienced breeder who was applied to for information as to the

preference for certain colours writes :—"In the case of the greater number

of farmers who have pure-bred herds, they as a rule do not enter all their

calves ; and more so regarding blacks, and blacks with a brown strip along

the back and a tan muzzle, which colour is not at all fancied. As a rule

when two dark briudles are mated, the produce comes nearly black, but not

a pure black : a black with tan markings, as mentioned. Tliese are as a

rule not kept for breeding, unless in the ease of a heifer of exceptional merit

;

and it is entered into the ' Herd Book ' as a brindle, but it is to all

appearance a black." In Gaelic this colour is called donn.

As yet, it does not seem possible to get absolute contirmation from

the " Herd Book "—tlie registration of reds and brindles being so unsatis-

factory—but that the theory explains the " Herd Book " records as to the

behaviour of brindles when mated witii their own colour and with reds
;

and that brindles are also produced when dark-coloured Longhorns and

Jerseys are mated with red, is highly presumptive evidence. But there

are several kinds of brindles. Among the Highlanders there are dark

brindles, light brindles, black brindles, red brindles, yellow brindles, and

dun brindles : practically the same as those among the Longhorns, viz.,

plum, dark, light, red, spotted, yellow, and dun. What is the source of

these ?

So far we can only suggest that the blackish-brown colour common to

Highlanders, Longhorns, and Jerseys produces a brindle hybrid when

crossed witli any of the three colours, black, red, and light dun. That

' "Wallace's "Live Stock of Great Britain," 1893 edition, p. 77.

- " General View of the Agriculture, &c., of the Islands on the Coast of Normandy."

SCLENT. PBGC. R.D.S., VOL. XII., NO. VIII. O
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it should do so is not surprising, since whole white produces hybrids

—

roans—witli at least two of these colours, red and black.

The conclusions we arrive at are these :

—

(1) Tliere are four colours forming the basis of present-day Highland

colours, viz., black, blackisli-brown or clonn, red, and light dun.

One other colour, white, and other " markings " have been

absorbed from time to time ; but these have been almost entirely

bred out. The reds may be of several shades, but there are not

sufScient data to separate them.

(2) Black is the dominant of red.

(3) Black produces dun hybrids—registered "dun," "dark dun," &c.

—

when mated with light dun.

(4) Donn or blackisli-brown produces brindle hybrids when mated with

black, red, and light dun.

(5j Eed produces yellow iiybrids when mated with light dun.

The above conclusions can be shown by the following diagram. The

fundamental colours are underlined. Tiie iiybrids have arrows leading

towards them from their parent colours :

—

> &r.

As already stated, these conclusions are not put forward as absolute

certainties, but as conclusions for wliich some further confirmation is not

undesirable. It is lioped that breeders of Highlanders, Longhorns, and

Jerseys may give closer attention to shades and markings when registering

tlieir stock, and so we shall acquire more accurate data.

Meantime, for any who may wish to criticize our conclusions or look

into the subject more closely, we place in parallel columns the results to be

expected from the different matings according to our conclusions and the

results as recorded in the Herd Book. As already explained, discrepancies

must be looked for chiefly in connexion with brindles and reds, although

other colours are not altogether free from them.
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Table IV. —Colours expected and recorded in volume ii.
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Tablk V.—Colours expected and recorded in volumes xm., xiv., and xv.
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IX.

ON A PROPOSED ANALYTICAL MACHINE.

By PERCY E. LTJDGATE.

(communicated by professor a. W. CONWAY, M.A.)

[Read Februaky 23. Ordered for Publication March 9. Published April 28, 1909.]

I PURPOSE to give in this paper a short account of the result of about six

years' work, undertaken by me with the object of designing machinery

capable of performing calculations, however intricate or laborious, without

the immediate guidance of the human intellect.

In the first place I desire to record my indebtedness to Professor

0. V. Boys, F.R.S., for the assistance which I owe to his kindness in entering

into correspondence with me on the matter to which this paper is devoted.

It would be difficult and very inadvisable to write on the present subject

without referring to the remarkable work of Charles Babbage, who, having

first invented two Difference Engines, subsequently (about eighty years ago)

designed an Analytical Engine, which was shown to be at least a theoretical

possibility ; but unfortunately its construction had not proceeded far when

its inventor died. Since Babbage's time his Analytical Engine seems to

have been almost forgotten ; and it is probable that no living person

understands the details of its projected mechanism. My own knowledge of

Babbage's Engines is slight, and for the most part limited to that of their

mathematical principles.

The following definitions of an Analytical Engine, written by Babbage's

contemporaries, describe its essential functions as viewed from different

standpoints :

—

" A machine to give us the same control over the executive which we

have hitherto only possessed over the legislative department of

mathematics."'

" The material expression of any indefinite function of any degree of

generality and complexity, such as, for instance :

—

F {x, y, z, log x,

sin y, &c.), which is, it will be observed, a function of all other

possible functions of any number of quantities.""

^ C. Babbage :
" Passages from the Life of a Philosopher," p. 129.

- R. Taylor's "Scientific Memoirs," 1843, vol. iii., p. 691.

SCIENI. PEOC, K.D.S., VOL. XII., NO. IX. P
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" Au embodying of the science of operations constructed with peculiar

reference to abstract number as the subject of those operations."^

" A machine for weaving algebraical patterns.'"

These four statements show clearly that an Analytical Machine " does

not occupy common ground with mere ' calculating machines.' It holds a

position wholly its own."

In order to prevent misconception, I must state that my work was not

based on Babbage's results—indeed, until after the completion of the first

design of my machine, I had no knowledge of his prior efforts in the same

direction. On the other hand, I have since been greatly assisted in the more

advanced stages of the problem by, and have received valuable suggestions

from, the writings of that accomplished scholar. Tliere is in some respects

a great resemblance between Babbage's Analytical Engine and the macliine

which I have designed—a resemblance which is not, in my opinion, due

wholly to chance, but in a great measure to the nature of the investigations,

which tend to lead to those conclusions on which the resemblance depends.

This resemblance is almost entirely confined to the more general, abstract, or

mathematical side of the question ; while the contrast between the proposed

structure of the two projected machines could scarcely be more marked.

It is unnecessary for me to prove the possibility of designing a machine

capable of automatically solving all problems which can be solved by

numbers. The principles on which an Analytical Machine may rest " have

been examined, admitted, recorded, and demonstrated."' I would refer those

who desire information thereon to the Countess of Lovelace's translation of au

article on Babbage's Engine, which, together with copious notes by the

translator, appears in E. Taylor's " Scientific Memoirs," vol. iii.; to Babbage's

own work, " Passages from the Life of a Philosopher " ; and to the Report of

the British Association for the year 1878, p. 92. These papers furnish a

complete demonstration that the whole of the developments and operations

of analysis are capable of being executed by machinery.

Notwithstanding the complete and masterly treatment of the question to

be found in the papers mentioned, it will be necessary for me briefly to

outline the principles on which an Analytical Machine is based, in order

that my subsequent remarks may be understood.

An Analytical Machine must liave some means of storing the numerical

data of the problem to be solved, and the figures produced at eacli successive

1 R. Taylor's "Scientific Memoirs," 1843, vol. iii., p. 69i.

- loc. cit., p. 696.

' C. Babbage :
" Passages from the Life of a Philosopher," p. 450,
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step of the work (together with the proper algebraical signs) ; and, lastly, a

means of recording the result or results. It must be capable of submitting

any two of the numbers stored to the arithmetical operation of addition,

subtraction, multiplication, or division. It must also be able to select

from the numbers it contains the proper numbers to be operated on ; to

determine the nature of the operation to which they are to be submitted

;

and to dispose of the result of the operation, so that such result can be

recalled by the machine and further operated on, should the terms of the

problem require it. The sequence of operations, the numbers (considered

as abstract quantities only) submitted to those operations, and the disposition

of the result of each operation, depend upon the algebraical statement of the

calculation on which the machine is engaged ; while the magnitude of the

numbers involved in the work varies with the numerical data of that

particular case of the general formula which is in process of solution. The

question therefore naturally arises as to how a machine can be made to

follow a particular law of development as expressed by an algebraic formula.

An eminently satisfactory answer to that question (and one utilized by

both Babbage and myself) is suggested by the Jacquard loom, in which

interesting invention a system of perforated cards is used to direct the

movements of the warp and weft threads, so as to produce in the woven

material the pattern intended by the designer. It is not difficult to imagine

that a similar arrangement of cards could be used in a mathematical machine

to direct the weaving of numbers, as it were, into algebraic patterns, in

which case the cards in question would constitute a kind of mathematical

notation. It must be distinctly understood that, if a set of such cards

were once prepared in accordance with a specified formula, it would possess

all the generality of algebra, and include an infinite number of particular

cases.

I have prepared many drawings of the machine and its parts ; but it is

not possible in a short paper to go into any detail as to the mechanism by

means of which elaborate formulae can be evaluated, as the subject is

necessarily extensive and somewhat complicated ; and I must, therefore,

confine myself to a superficial description, touching only points of particular

interest or importance.

Babbage's Jacquard-system and mine differ considerably ; for, while

Babbage designed two sets of cards—one set to govern the operations, and

the other set to select the numbers to be operated on—I use one sheet or

roll of perforated paper (which, in principle, exactly corresponds to a set of

Jacquard-cards) to perform botli these functions in the order and manner

necessary to solve the formula to which the particular paper is assigned. To
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such a paper I apply the term formula-paper. Each row of perforations

across the formula-paper directs the machine in some definite step in the

process of calculation—such as, for instance, a complete multiplication,

including tlie selection of the numbers to be multiplied together. Of course

a single formula-paper can be used for an indefinite number of calculations,

provided that they are all of one type or kind {i.e. algebraically identical).

In referring to the numbers stored in the machine, the difficulty arises as

to whether we refer to them as mere numbers in the restricted arithmetical

sense, or as quantities, wliich, though always expressed in numerals, are

capable of practically infinite variation. In the latter case they may be

regarded as true mathematical variables. It was Babbage's custom (and

one which I shall adopt) when referring to them in this sense to use the

term " Variable " (spelt with capital V), while applying the usual meanings

to the words " number " and " variable."

In my machine each Variable is stored in a separate shuttle, the

individual figures of the Variable being represented by the relative

positions of protruding metal rods or " type," which each shuttle carries.

There is one of these rods for every figure of the Variable, and one to

indicate the sign of the Variable. Bach rod protrudes a distance of from

1 to 10 units, according to the figure or sign which it is at the time

representing. The shuttles are stored in two co-axial cylindrical shuttle-

boxes, which are divided for the purpose into compartments parallel to their

axis. The present design of the machine provides for the storage of

192 Variables of twenty figures each ; but both the number of Variables and

the number of figures in each Variable may, if desired, be greatly

increased. It may be observed, too, that the shuttles are quite inde-

pendent of the machine, so that new shuttles, representing new Variables,

can be introduced at any time.

When two Variables are to be multiplied together, the corresponding

shuttles are brought to a certain system of slides called the index, by means

of which the machine computes the product. It is impossible precisely to

describe the mechanism of the index without drawings ; but it may be

compared to a slide-rule on which the usual markings are replaced by

movable blades. The index is arranged so as to give several readings

simultaneously. The numerical values of the readings are indicated by

periodic displacements of the blades mentioned, the duration of which

displacements are recorded in units measured by the driving shaft on a

train of wheels called- the mill, which performs the carrying of tens, and

indicates the final product. The product can be transferred from thence to

any shuttle, or to two shuttles simultaneously, provided that they do not
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belong to the same shuttle-bos. The act of inscribing a new value in a

shuttle automatically cancels any previous value that the shuttle may have

contained. The fundamental action of the machine may be said to be the

multiplying together of the numbers contained in any two shuttles, and tlie

inscribing of tlie product in one or two shuttles. It may be mentioned here

that the fundamental process of Babbage's Engine was not multiplication

but addition.

Though the index is analogous to the slide-rule, it is not divided

logarithmically, but in accordance with certain index numbers, which, after

some difficulty, I have arranged for the purpose. I originally intended to

use the logarithmic method, but found that some of the resulting intervals

were too large ; while the fact that a logarithm of zero does not exist is,

for my purpose, an additional disadvantage. The index numbers (which

I believe to be the smallest whole numbers that will give the required

results) are contained in the following tables :

—

[Tables.
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Table I

.

Unit.
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Table 3.

Comp. Index No.
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col. 2 contains the corresponding compound index numbers. The relation

between the index numbers is such that the sum of the simple index

numbers of any two units is equal to the compound index number of their

product. Table 3 is re.ally a re-arrangement of Table 2, the numbers

to 66 (representing 67 divisions on the index) being placed in col. 1, and

in col. 2, opposite to each number in col. 1 which is a compound index

number, is placed the corresponding simple product.

Now, to take a very simple example, suppose the machine is supplied

with a formula-paper designed to cause it to evaluate as for given values

of a, b, 0, and d, in the equation ah + cd = x, and suppose we wish to

find the value of x in the particular ease where a = 9247, b = 8132,

c = 21893, and d = 828.

The four given numbers are first transferred to the machine by the

key-board hereafter mentioned ; and the formula-paper causes them to be

inscribed in four sliuttles. As tlie shuttles of the inner and outer co-axial

shuttle-boxes are numbered consecutively, we may suppose the given values

of a and c to be inscribed in the first and second shuttles respectively of

the inner box, and of b and d in the first and second shuttles respectively of

the outer box ; but it is important to remember that it is a function of the

formula-paper to select the shuttles to receive the Variables, as well as the

shuttles to be operated on, so that (except under certain special circumstances,

which arise only in more complicated formulae) any given formula-paper

always selects the same shuttles in the same sequence and manner, whatever

be the values of the Variables. The magnitude of a Variable only effects

the type carried by its shuttle, and in no way influences the movements of

the sliuttle as a whole.

The machine, guided by the formula-paper, now causes the shuttle-

boxes to rotate until tlie first shuttles of both inner and outer boxes come

opposite to a shuttle-race. The two shuttles are then drawn along the race

to a position near the index ; and certain slides are released, which move

forward until stopped by striking the type carried by the outer shuttle.

The slides in question will then have moved distances corresponding to

the simple index numbers of the corresponding digits of the Variables b.

In the particular case uuder consideration, the first four slides will tlierefore

move 3, 0, 7, and 1 units respectively, the remainder of tlie slides indicating

zero by moving 50 units (see Table 1). Another slide moves in the opposite

direction until stopped by the first type of the inner shuttle, making a

movement proportional to the simple index number of the first digit of the

multiplier a—in this case 14. As the index is attached to the last-

mentioned slide, and partakes of its motion, the relative displacements of
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the index and each of the four slides are respectively 3 + 14, + 14, 7 + 14,

and 1 + 14 units (that is 17, 14, 21, and 15 units), so that pointers attached

to the four slides, which normally point to zero on the index, will now point

respectively to the 17th, 14th, 21st, and 15th divisions of the index.

Consulting Table 3, we find that these divisions correspond to the partial

products 72, 9, 27, and 18. In the index the partial products are expressed

mechanically by movable blades placed at the intervals shown in column 2

of the third table. Now, the duration of the first movement of any blade

is as the unit figure of the partial product which it represents, so that the

movements of the blades concerned in the present case will be as the

numbers 2, 9, 7, and 8, which movements are conveyed by the pointers to

the mill, causing it to register the number 2978. A carriage near the index

now moves one step to effect multiplication by 10, and then the blades

partake of a second movement, this time transferring the tens' figures of

tlie partial products {i.e. 7, 0, 2, and 1) to the mill, which completes the

addition of the units' and tens' figures thus

—

2978

7021

73188

—the result being the product of the multiplicand b by the first digit of the

multiplier a. After this the index makes a rapid reciprocating movement,

bringing its slide into contact with the second type of the inner shuttle

(which represents the figure 2 in the quantity a), and the process just

described is repeated for this and the subsequent figures of the multiplier a

until the whole product ab is found. The shuttles are afterwards replaced in

the shuttle-boxes, the latter being then rotated until the second shuttles of

both boxes are opposite to the shuttle-race. These shuttles are brought to

the index, as in the former case, and the product of their Variables

(21893 X 823) is obtained, which, being added to the previous product

(that product having been purposely retained in the mill), gives the required

value of X. It may be mentioned that the position of the decimal point

in a product is determined by special mechanism which is independent of

both mill and index.

Most of the movements mentioned above, as well as many others, are

derived from a set of cams placed on a common shaft parallel to the

driving-shaft ; and all movements so derived are under the control of tlie

formula-paper.

The ordinals in Table 1 are not mathematically important, but refer to

SCIENT. PBGC, K.D.S. VOL. XII., NO. IX. Q
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specialTneclianism which cannot be described in this paper, and are included

in the tables merely to render them complete.

The sum of two products is obtained by retaining the first product in

the mill until the second product is found—the mill will then indicate

their sum. By reversing the direction of rotation of the mill before the

second product is obtained, the difference of the products results. Conse-

quently, by making the multiplier unity in each case, simple addition and

subtraction may be performed.

In designing a calculating machine it is a matter of peculiar difficulty and

of great importance to provide for the expeditious carrying of tens. In

most machines the carryings are performed in rapid succession ; but Babbage

invented an apparatus (of which I have been unable to ascertain the details)

by means of which the machine could " foresee " the carryings and act on the

foresight. After several years' work on the problem, I have devised a method

in which the carrying is practically in complete mechanical independence of

the adding process, so that the two movements proceed simultaneously. By
my method the sum of m numbers of n figures would take 9m + n units of

time. In finding the product of two numbers of twenty figures each, forty

additions are required (the units' and tens' figures of the partial products being

added separately). Substituting the values 40 and 20 for m and n, we get

9 X 40 + 20 = 380, or 9| time- units for each addition—the time-unit being

the period required to move a figure- wheel through -^-^ revolution. With

Variables of 20 figures each the quantity n has a constant value of 20, which

is the number of units of time required by the machine to execute any

carrying which has not been performed at the conclusion of an indefinite

number of additions. Now, if the carryings were performed in succession,

the time required could not be less than 9 + n, or 29 units for each addition,

and is, in practice, considerably greater.'

In ordinary calculating machines division is accomplished by repeated

subtractions of the divisor from the dividend. The divisor is subtracted

from the figures of the dividend representing the higher powers of ten until

the remainder is less than the divisor. The divisor is then moved one place

to the right, and the subtraction proceeds as before. The number of

subtractions performed in each case denotes the corresponding figure of the

quotient. This is a very simple and convenient method for ordinaiy

calculating machines ; but it scarcely meets the requirements of an Analytical

Machine. At the same time, it must be observed that Babbage used this

method, but found it gave rise to many mechanical complications.

^ For further notes on the problem of the carrying of tens, see C. Babhage :
" Passages from the

Life of a Philosopher," p. 114, &c,
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My method of dividiug is based on quite different principles, and to explain

it I must assume that the machine can multiply, add, or subtract any of its

Variables ; or, in other words, that a formula-paper can be prepared which

could direct the macliiiie to evaluate any specified function (which does not

contain the sign of division or its equivalent) for given values of its variables.

P
Suppose, then, we wish to find the value of - for particular values

of p and q which have been communicated to the machine. Let the first three

figures of q be represented by/, and let A be the recipi'oeal oif, where A is

expressed as a decimal of 20 figures. Multiplying the numerator and
An

denominator of the fraction by A, we have ~, where Aq must give a number

g
of the form 100 . . . because Aq = -. On placing the decimal point after the

unit, we have unity plus a small decimal. Represent this decimal by x :

then

—

^ = i^ or Apa + x)"
q 1 + X

Expanding by the binomial theorem—

(1) - = Ap (l~x + x'^-x^ + x^-xi^ + &c.),

(2) "- = Ap (1 - x) (1 + x') (1 + x") (1 + ««), &c.

The series (1) converges rapidly, and by finding the sum as far as «'" we

obtain the correct result to at least twenty figures ; whilst the expression (2

gives the result correctly to at least thirty figures. The position of the decimal

point in the quotient is determined independently of tliese formulae. As the

quantity A must be the reciprocal of one of the numbers 100 to 999, it has

900 possible values. The machine must, therefore, have the power of

selecting the proper value for the quantity A, and of applying that value in

accordance with the formula. For this purpose the 900 values of A are stored

in a cylinder—the individual figures being indicated by holes of from one

to nine units deep in its periphery. When division is to be performed, this

cylinder is rotated, by a simple device, until the number A (represented on

the cylinder by a row of holes), which is the reciprocal of the first three

figures of the divisor, comes opposite to a set of rods. These rods then

transfer that number to the proper shuttle, whence it becomes an ordinary

Variable, and is used in accordance with the formula. It is not necessary

that every time the process of division is required the dividiug formula
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should be worked out in detail iti tlie formula-paper. To obviate the necessity

of so doing the machine is provided with a special permanent dividing

cj/Under, on which this formula is repi-esented in the proper notation of per-

forations. When the arrangement of perforations on the formula-paper

indicates that division is to be performed, and the Variables which are to

constitute divisor and dividend, the formula-paper then allows the dividing

cylinder to usurp its functions until that cylinder has caused the macliine to

complete the division.

It will be observed that, in order to carry out the process of division, the

machine is provided with a small table of numbers (the numbers A) whicli

it is able to consult and apply in the proper way. I have extended tin-''

system to the logarithmic series, in order to give to that series a considerable,

convergency ; and I have also introduced a logarithmic cylinder whicli has the

power of working out the logarithmic formula, j'ust as the dividing cylinder

directs the dividing process. This system of auxiliary cylinders and tables

for special formulae may be indefinitely extended.

The machine prints all results, and, if required, the data, and any note-

worthy values which may transpire during the calculation. It may be

mentioned, too, that the machine may be caused to calculate and print, quite

automatically, a table of values—such, for instance, as a table of logs, sines,

squares, &c. It has also the power of recording its results by a system of per-

forations on a sheet of paper, so that when such a numJjer-jjaper (as it may

be called) is replaced in the machine, the latter can " read " the numbers

indicated thereon, and inscribe them in the shuttles reserved for the purpose.

Among other powers with which the machine is endowed is tliat of

changing from one formula to another as desired, or in accordance with a

given mathematical law. It follows that the machine need never be idle
;

for it can be set to tabulate successive values of any function, while the work

of the tabulation can be suspended at any time to allow of the determination

by it of one or more results of greater importance or urgency. It can also

" feel " for particular events in the progress of its work—such, for instance, as

a change of sign in the value of a function, or its approach to zero or infinity

;

and it can make any pre-arranged change in its procedure, when any such

event occurs. Babbage dwells on these and similar points, and explains their

bearing on the automatic solution (by approximation) of an equation of the

ifi^ degree ;' but I have not been able to ascertain whether his way of

attaining these results has or iias not any resemblance to my method of so

doing.

1 C. Babbage :
" Passages from the Life of a Philosopher," p. 131.
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The Analytical Machine is under the control of two key-boards, and in

this respect differs from Babbage's Engine. The upper key-board has ten

keys (numbered to 9), and is a means by which numbers are communicated

to the machine. It can therefore undertake the work of the number-paper

previously mentioned. The lower key-board can be used to control tlie

working of tlie machine, iu which case it performs tlie work of a formula-

paper. The key-boards are intended for use when the nature of the

calculation does not warrant the preparation of a formula-paper or a

number-paper, or when their use is not convenient. An interesting illus-

tration of the use of the lower key-board is furnished by a case in

which a person is desirous of solving a number of triangles (say) of wliich

lie knows the dimensions of the sides, but has not the requisite formula-

paper for tlie purpose. His best plan is to put a plain sheet of paper

in the controlling apparatus, and on communicating to tlie machine the

known dimensions of one of the triangles by means of the upper key-board,

to guide the machine by means of the lower key-board to solve tlie

triangle in accordance with the usual rule. The manipulations of the

lower key-board will be recorded on the paper, which can then be used

as a formula-paper to cause the machine automatically to solve the

remaining triangles. He can communicate to the machine the dimensions

of these triangles individually by means of the upper key-board ;
or he

may, if he prefers so doing, tabulate the dimensions in a number-

paper, from which the machine will read them of its own accord. The

machine is therefore able to "remember," as it were, a mathematical rule
;

and having once been shown how to perform a certain calculation, it can

perform any similar calculation automatically so long as the same paper

remains in the machine.

It must be clearly understood that the machine is designed to be

quite automatic in its action, so that a person almost entirely ignorant of

mathematics could use it, in some respects, as successfully as the ablest

mathematician. Suppose such a person desired to calculate tlie cosine of an

angle, he obtains the correct result by inserting the formula-paper bearing

the correct label, depressing the proper number-keys in succession to

indicate the magnitude of the angle, and starting the machine, though

he may be quite unaware of the definition, nature, or properties of a

cosine.

While the machine is in use its central shaft must be maintained at an

approximately uniform rate of rotation—a small motor might be used for

this purpose. It is calculated that a velocity of three revolutions per second

would be safe ; and such a velocity would ensure the multiplication of any
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two Variables of tweuty figures each iu about 1 secouds, and tlieir

addition or subtraction in about 3 secouds. Tlie time taken to divide one

Variable by another depends on the degree of couvergeuoy of the series

derived from the divisor, but IJ- minutes may be taken as the probable

maximum. When constructing a formula-paper, due regard should there-

fore be had to the relatively long time required to accomplish the routine

of division ; and it will, no doubt, be found advisable to use this process as

sparingly as possible. The determination of the logarithm of any number

would take 2 minutes, while the evaluation of «" (for any value of n) by

the expotential theorem, should not require more than 1| minutes longer

—

all results being of twenty figures.^

Tiie machine, as at present designed, would be about 26 inches long,

24 inches broad, and 20 inches high ; and it would therefore be of a

portable size. Of the exact dimensions of Babbage's Engine I have no

information; but evidently it was to have been a ponderous piece of

machinery, measuring many feet iu each direction. Tlie relatively large

size of this engine is doubtless due partly to its being designed to

accommodate the large number of one thousand Variables of fifty figures

each, but more especially to the fact that the Variables were to have been

stored on columns of wheels, which, wliile of considerable bulk in themselves,

necessitated somewhat intricate gearing arrangements to control their move-

ments. Again, Babbage's method of multiplying by repeated additions,

and of dividing by repeated subtractions, though from a mathematical

point of view very simple, gave rise to very many mechauical compli-

cations.'

To explain the power and scope of an Analytical Maolune or Engine,

I cannot do better than quote the words of the Countess of Lovelace

:

" There is no finite line of demarcation which limits the powers of the

Analytical Engine. These powers are coextensive with the knowledge of

the laws of analysis itself, and need be bounded only by our acquaintance

with the latter. Indeed, we may consider the engine as the material and

mechanical representative of analysis, and that our actual working powers

in this department of human study will be enabled more effectually than

heretofore to keep pace with our theoretical knowledge of its principles and

laws, through the complete control which the engine gives us over the

executive manijDulations of algebraical and numerical symbols."^

A Committee of the British Association which was appointed to report

' The times given include that required for the selection of the Variables to be operated on.

- See Report Brit. Assoc, 1S7S, p. 100.

2 R. Taylor's "Scientific Memoirs," 1S43, vol. iii., p. 696.
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on Babbage's Engine stated that, " apart from the question of its saving labour

in operations now possible, we think the existence of such an instrument

would place within reach much which, if not actually impossible, has been too

close to the limits of human skill and endurance to be practically available."'

In conclusion, I would observe that of the very numerous branches of

pure and applied science which are dependent for their development, record,

or application on the dominant science of mathematics, there is not one of

which the progress would not be accelerated, and the pursuit would not be

facilitated, by the complete command over the numerical interpretation of

abstract mathematical expressions, and the relief from the time-consuming

drudgery of computation, which the scientist would secure through the

existence of machinery capable of performing the most tedious and complex

calculations with expedition, automatism, and precision.

1 Report Brit. Assoc, 1878, p. 101.
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on Babbage's Engine stated that, " apart from the question of its saving labour

in operations now possible, we think the existence of such an instrument

would place within reach much which, if not actually impossible, has been too

close to the limits of human skill and endurance to be practically available."'

In conclusion, I would observe tliat of tlie very numerous branches of

pure and applied science which are dependent for their development, record,

or application on the dominant science of mathematics, there is not one of

which the progress would not be accelerated, and the pursuit would not be

facilitated, by the complete command over the numerical interpretation of

abstract mathematical expressions, and the relief from the time-consuming

drudgery of computation, whicli the scientist would secure througli tlie

existence of machinery capable of performing the most tedious and complex

calculations with expedition, automatism, and precision.

1 Eeport Brit. Assoc, 1878, p. 101.
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X.

'I'HE TAXTNE IN IRISH YEW,

TAXUS BACCATA var. FASTIGIATA.

By RTCHAED J. MOSS, F.I.C., F.C.S.

Read February 23. Ordered for Publication March 9. Published April 30, 1909.

Though the poisonous nature of Yew has been known for many centuries,

it is only quite recently that the extraction of the supposed poisonous principle

taxine has been carefully studied.

In a paper on taxine, by T. E. Thorpe, c.b., f.r.s., and George Stubbs,'

the literature of the subject is reviewed ; and a simple method for the extraction

of taxine from the leaves is described. The authors show that taxine readily

undergoes change when warmed on the water-bath with dilute acid. All

tlie earlier investigations involving the evaporation of acid-solutions in the

water-bath must have yielded erroneous results.

In the method of Thorpe and Stubbs the air-dried leaves are powdered,

and then extracted at the ordinary temperature with 1 per cent, sulphuric

acid. The extract is rendered alkaline with ammonia, and shaken with

ether. The ethereal solution is then shaken with dilute hydrochloric acid; and

this operation is repeated until a colourless ethereal solution is obtained.

From this the taxine is finally extracted with dilute hydrochloric acid, and

precipitated by ammonia. The taxine is next dissolved in ether, the ether

is evaporated, and the residue dried over sulphuric acid and weighed. The

quantitj' of alkaloid obtained in this way corresponded to 0'18 per cent,

of the green leaves of the male tree. Other experiments led to the separa-

tion of 0'12 per cent, of tlie green leaves of the female tree. As no particular

variety of Yew is mentioned, I presume the kind used was the common
Yew.

I have applied the method to the leaves and fruit of the Irish Yew,

known to botanists as the Florence Court Yew, Taxus haccata var. fastlgiata;

and, as I obtained a much larger yield of taxine, I thought the results worth

placing on record.

'Journal of the Chemical Society, Transactions, 1902, p. 874.
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Taxiue when precipitated from its solution in dilute acid is at first in a

state of extremely fine division. In a few minutes, if the quantity present is

not too small, the particles aggregate, and floeculent masses are formed, which

are very easily filtered and washed. In my experiments I washed this

precipitate on a weighed filter until tine washings, when acidulated with

nitric acid, gave either no turbidity, or only a faint turbidity with silver

nitrate. The precipitate was then dried in vacuo over sulphuric acid, until

the weight was constant. In this respect the method I employed differed

from that of Thorpe and Stubbs.

A quantity of leaves taken on November 29th, 1908, from a female tree

growing at Ballybrack, County Dublin, weighed, in the fresh state and

detached from the twigs, 790 grammes. The leaves were dried at room-

temperature, powdered, and extracted as above. Tiie precipitate weighed

4-7093 grammes ; this corresponds to 0'596 per cent, of the original leaves.

Thinking that more accurate results could be obtained with a much
smaller quantity of leaves, I gathered 150 grammes of leaves from the same

tree on January 11th, 1909; and taking every precaution to ensure complete

extraction, I obtained taxius weighing 0'9340 gramme, corresponding to

623 per cent.

Seeds from the fruit of this tree treated in the same way, except that

they were ground to a fine pulp without drying, gave from 45-75 grammes

of seeds, taxiue weighing 0-0363 gramme, or 0-079 per cent.

The leaves of another female tree gathered on December 6th gave taxiue

corresponding to 0-323 per cent. This tree had produced a very abundant

crop of berries. I found in the seeds 0-082 per cent, of taxiue—very nearly

the same proportion as in the other tree, while the leaves contained only

about half the quantity of taxine. The arillus or fleshy part of the berries is

quite free from taxine. I failed lo obtain any indication of tlie alkaloidal

substance, operating upon 300 grammes of the fleshy part. This is what one

might expect, consideriug the sweet taste of this part of the fruit, and the

complete absence of the bitter taste so characteristic of the leaves, bark,

and seeds.

The residual pulp of the seeds, from which the taxiue had been extracted

by dilute sulphuric acid, was dried and extracted with ether in a Soxlet

extractor. On evaporating the ether a greenisli-coloured oil was left, corre-

sponding to 11-25 per cent, of the original seeds. This oil has a barely

perceptible bitter taste, probably due to a trace of taxiue.

The leaves of a male specimen of common Yew growing in the same place,

but in a position much shaded in summer by large trees, gave a much smaller

quantity of taxine than the two specimens of Irish Yew. The precipitate
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from 150 grammes of leaves gathered on January 17th, 1909, weighed only

0-1236 gramme, corresponding to 0'082 per cent. This is less than half tlio

quantity found by Thorpe and Stubbs in the leaves they examined.

I believe these estimations are fairly comparable witli one another, and

that they may be accepted as showing a wide variation in the quantity of

alkaloidal substance in the leaves of different trees. Carnevin' points out

that the young leaves of a light green colour are not nearly so poisonous as

the older dark green leaves ; accordingly I took some trouble to ensure that

the leaves gathered fairly represented the foliage of each tree, and did not

include an undue proportion of either old or young leaves. The number of

determinations is too small to warrant the final conclusion that the variety

known as Irish Tew contains much more taxine than common Yew, but that

is certainly the direction in which the results point. This is quite in accor-

dance with an opinion which I find has long been entertained. For example,

in the Pharmaceutical Journal of 1877,' there is a reference to letters in the

Field (I have been unable to find the originals in that journal), in one of

which a correspondent states that in the case of pheasants poisoned by Yew

he has observed that the leaves found in the crops and gizzards of the birds

are always Irish Yew ; and he believes they may eat common Yew with

impunity.

The very marked variation in the quantity of alkaloidal substance in the

leaves of the plants also explains in some degree the widely different opinions

expressed from time to time as to the toxic properties of Yew.

I have not had an opportunity of examining the seeds of common Yew

;

but from the similarity of the results obtained with the seeds of different

specimens of Irish Yew it seems probable that the alkaloidal substance is

more constant in quantity in the seeds than in the leaves. Many of the

recorded cases of poisoning by the seeds of Yew are presumably attributable

to the Irish variety, as the trees are referred to as growing in cemeteries, and

it has long been the custom to plant the Irish Yew in such places.

I have assumed that the alkaloidal substance referred to is the toxic

principle of the Yew; but it is right to point out that this is by no means

certain. Experimental work in this connexion is very desirable.

Taxine and its compounds are non-crystalline ; and they exhibit no

distinctive reaction. It is therefore not easy to ensure that the alkaloidal

substance obtained from different sources is the same thing.

The melting-point of taxine is not clearly marked. I find that wlien the

solid obtained by evaporating the ethereal solution of taxine, and drying in

1 " Dea Plantes Veneneuses et des Empoiaoanements qu'elles determinent," p. 48.

2 Ser. 3, vol. vii., p. 697.
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vacuo over sulphuric acid, is placed between microscope cover-glasses, held

together by a clip, it is possible, uuder a low magnifying power, to detect

indications of softening, at a temperature of 60°, twenty-two degrees below

the reputed melting-point.

Thorpe and Stubbs obtained a chloride, a sulphate, and a compound with

gold chloride, having each a composition closely corresponding to that

indicated by theory. I find that taxine dissolved in ether may be titrated

N
with ^ hydrochloric acid in the manner sometimes used for the titration of

alkaloids, using a minute quantity of methyl orange as indicator.^ Taxine

weighing 0'2790 gramme took 0'0159 gramme hydrochloric acid, instead of

0'0151 indicated by theory on the assumption that the hydrochloride is

C3,H„0;oN, HCl.

Thorpe and Stubbs point out that the alkaloid is decomposed when

warmed in the water-bath with dilute hydrocliloric acid, one of the products

being a brown substance. I find that, even without warming, some decompo-

sition takes place. When 0"6026 gramme of taxine was dissolved in 0'3 c.c. of

hydrochloric acid diluted with 2 c.c. of water, and placed in a vacuum over

caustic potash, the residue was of a dark-brown colour. On prolonged drying

over sulphuric acid, it was found that the increase in the weiglit of the taxine

was 0-0400 gramme, instead of 0'0328 required theoretically for the formation

of the hydrochloride. On treating the solid obtained in this way with water,

most of it dissolved, leaving a brown humus-like substance. On adding

ammonia to the solution, a brown precipitate is thrown down ; and on

shaking with ether, and allowing the liquids to separate, they are both

coloured brown. When the ethereal solution was shaken with dilute hydro-

chloric acid, and ammonia added to the acid liquid, tlio precipitate was again

brown ; and on standing in the liquid for a few days, it aggregated to oily-

looking brownish spheres about a millimetre in diameter. It is clear that

under the conditions described hydrochloric acid has a marked action upon

taxine at ordinary temperatures. It is doubtful whether the use of a

mineral acid, even highly dilute, is admissible in the extraction of the alka-

loid. In an experiment on the extraction of the alkaloid, by means of a

1 per cent, solution of oxalic acid, instead of dilute sulphuric acid, acting on

the leaves ; and using dilute oxalic acid, instead of dilute hydrochloric acid,

to remove taxine from its ethereal solution, I obtained a final precipitate

corresponding to 0'402 per cent, of taxine, against 0'323 per cent, when

mineral acids were employed.

' " Commercial Organic Analysis," A. H. AUen, vol. iii., part ii., page 131, foot-note.
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As I have pointed out, taxine when first precipitated is in an extremely

finely divided state. The flocculation that takes place in the precipitate is due

to the growth of minute spherical masses. These spherical masses grow as if

they were crystals ; in the course of two months, at ordinary room tempera-

ture, some of the spheres attained a diameter of O'Ol mm. Examined in

polarized light these spheres show no indication of double refraction.

When taxine is suspended in water, and carbon dioxide passed through it,

some taxine is dissolved. On filtering and allowing the clear liquid to stand,

exposed to the air, a pellicle forms on the surface and a precipitate separates.

No trace of crystalline structure can be detected in either the pellicle or the

precipitate.

When a solution of taxine in ether is cooled by means of liquid air, a

white cloud forms consisting of very finely divided matter, and the cloud

increases as the temperature falls ; but at no time is there any appearance of

crystallization. Several otlier attempts to induce crystallization by methods

in common use were equally unsuccessful.
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XT.

ON PHOTOGEAPIIY BY REFLECTION UNDER CONTACT.

By E. E. FOURNIER d'ALBE, B.Sc, A.R.O.Sc, M.R.I.A.

[Published May 10, 1909.]

(Plate VIII.)

In the usual methods of contact photography, a copy is taken of the original

or negative by allowing light to pass througli tlie latter on to a sensitive

surface. The resulting picture is due to diSereaees in opacity in the

various points of tlie original or negative.

Tlie new method to be described consists in transmitting tlie liglit in the

reverse direction, and producing a picture, not by differences of opacity, but

by differences of reflecting power in tlie original.'

The obvious objection to such a metliod is that the sensitive film, being

exposed to a uniform incident illumination coming through the back of the

plato, will be uniformly "fogged"; and the resulting positive will lie marred

by a brightness wliicli invades and partly obliterates all the dark portions.

If this difificulty can be overcome, we obtain a method of copying any flat

picture or design without a camera ; and we avoid the difficulties of distortion,

curvature of field, chromatic and spherical aberration, flare, astigmatism, and

lack of uniformity of illumination, which beset all but the best lenses, and

which cannot, in practice, be simultaneously reduced to a negligible amount.

When the original to be copied has no half-tones, it is possible, by

suitable exposure and development, to eliminate the fog entirely. The

general principle is to employ exposures and developers which in ordinary

photography "suppress the detail in the shadows," or, in other words, confine

the developed image to those portions which have received the maximum
illumination. In copying a line-drawing, a page of print, or similar fuU-

' Such a reflection process was devised in 1897 by J. H. Player (see "The Photographic

Journal," 1897, p. 222). He used bromide paper, and transmitted the light through a green

glass. He " could not succeed with plates." It is said (ibid.) that positive copies of maps were

for some time made in the French army by contact with Ilford process plates, but no details are

given.—E. E. F.
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toned matter iu this manner, the areas of maximum illumination are those

which are illuminated by the incident light plus the light reflected by the

white paper. The areas in contact with the black portions of the original are

only illuminated by the incident light pins tlie small proportion reflected by

the black ink. The incident light greatly exceeds the reflected light in

amount; and the difference in illumination relied upon to produce tlie

necessary contrast does not, in most cases, exceed 5 per cent. With this

small margin of additional illumination it is found possible, however, to

obtain a contrast in the negative amounting to as much as 40 or 50 per cent.

Once this is obtained, the negative may iu turn be used to produce a

transparency in whicli tlie contrast is further increased by a second

application of the same treatment. Workable lantern-slides are obtained

in this manner (PL VIII,, fig. 5) ; but much better results, comparable to the

best lantern-slides obtained with the camera, are secured by two additional

reversals, to which the same principle is applied (PI. YIII., figs. 4 and 6).

Instead of making a number of successive reversals, tlie fog may be

eliminated by reduction and subsequent intensification. Howard Farmer's

reducer (potassium ferricyanide and hyposulphite of soda) dissolves away

the fog more than the full-tone if sufiiciently concentrated. The negative is

intensified with mercuric chloride and silver nitrate.

The best results are obtained with slow plates of the " photomechanical
"

class, and the developer used was the following :

—

No. 1 solution.

Hydroquinone, . . .80 grains.

Potassium metabisulphite, . 120 grains.

Potassium bromide, . . 10 grains.

Water, &c., . . . .10 ounces.

No. 2 solution.

Caustic potash, . . . 200 grains.

Water, &c., . . . .10 ounces.

Equal parts of both solutions are mixed.

The best fixing agent is potassium cyanide, on account of its solving

action on thinly deposited silver. But I used the ordinary " hypo " batli.

Other Applications of the Process.—Excellent paper negatives are obtained

with rapid bromide papers, and also with gas-light papers.' On printing

positives from them in the ordinary way, the grain of tlie paper negative

' See foot-note, p. 97.
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disappears, as it is automatically compensated by the grain within tlie paper

whieli gave rise to it. Printing-out papers also "give negatives wliich can

be used for printing positives on bromide paper without previous toning and

fixing. But the exposure has to be very long.

Bichromated gelatine plates give a good relief by this method, and.

unlike the usual printing with bichromate, the more insoluble portion of

the gelatine is nearest the support, whether glass or paper. Direct positives

may be obtained either by over-exposure (fifty times), or, better, treating

ordinary plates or papers with a 10 percent solution of potassium bichromate,

and exposing them for the period usual in bichromate printing. The action in

this case is as follows :—the bichromated gelatine whicli receives the

reflected light is rendered more insoluble than that which adjoins the black

areas. Only the latter, therefore, absorb the developer ; and the whole film

being "fogged," a direct image of the black portions results.

The Active Agent.—The very striking results obtained witli bromide

paper are attributable to the double absorption undergone by the incident

light in penetrating the developed film and returning to the eye of the

observer. There appears to be in reality nothing but a purely optical

effect. The suggestion was somewliat obvious that some radiation from the

pigment of the original, usually, perliaps, intercepted by a slight thickness of

air, might inhibit the reduction of the silver salts. This, however, is

rendered very improbable by the following observations :

—

1. On impregnating paper with sugar, glycerine, mercuric cliloride,

uranium nitrate, and various other substances wliicli do not produce a visible

effect, it is found that paper so treated has the same photographic action as

the original paper.

2. The gradation of colours is found to be the same as that obtained with

the camera.

3. Red has no special^ iuiiibiting action. On applying this process to a

deep red paper printed with black lettering, a faint negative was obtained, in

which tiie black printed whiter than the red. Had red light exerted any

inhibiting action, the fog should have been reduced, and the >ed should

have appeared wliiter in tlie negative.

In applying the process described to black and white originals, certain

advantages are gained over the ordinary methods withihe camera :

1. The reproduction is of the exact size of the original

;

2. The sharpness of definition is only limited by the size of the silver

grain in the plate
;
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3. All differences in the angle of reflection of light by the original are

avoided, all tlie effective light emerging at riglit angles to the surface.

This last circumstance places at our disposal a delicate and accurate

method of comparing the reflecting powers of surfaces for vertical incidence.

It consists in mounting the surfaces in the same plane side by side, and

exposing a plate with its film in contact with botii. If the surfaces are large

enough, a slight gap may be left between the sensitive film and the surfaces

to be tested, so as to eliminate photographically active radiations or

emanations from the surfaces.
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XJI.

MECHANICAL STRESS AND MAGNETISATION OF IRON.

Part T.

BY WILLIAM BROWN, B.Sc.

[Read Februakv 23. Ordered for Publication Makch 9. Published May 28, 1909.]

Since the year 1837, when Professor O. Wiedemann ohserved the effects of

torsion on the magnetisation of iron, a good deal of work has been done on

the effects of mechanical stress on the magnetism of the magnetic metals,

especially iron and nickel.

An excellent report of the work done up to the year 1900, with references

to the original papers, has been prepared by Professor H. Nagaoku,' in which

the theoretical and experimental results so far obtained are summed up in

two parallel columns containing sixteen statements. One of the columns is

headed—-"Deformations produced by magnetisation," and the other—" The

influence of mechanical stress on magnetisation."

Of the sixteen separate statements of results, the following six bear on

the subject-matter of the present paper.

1. A wire magnetised longitudinally is twisted by circular magnetism.

la. When a longitudinally magnetised wire is twisted, it becomes

circularly magnetised.

2. A wire circularly magnetised is twisted when magnetised longi-

tudinally.

2a. A circularly magnetised wire becomes longitudinally magnetised

when twisted.

3. The torsion produced by longitudinally magnetising a wire of iron or

nickel when magnetised circularly, attains a maximum in feeble

magnetic fields.

3a. The transitory current due to the torsion of a wire of iron or nickel

magnetised longitudinally, attains a maximum in a weak magnetic

field.

1 Eapports du Congres International de Physique, Paris, 1900, Yol. ii., pp. 536-656.
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These general statements are necessarily qualitative, and when taken in

pairs as marked they are complementary to each other ; for instance, in the

first or 1, by the application of magnetic forces a mechanical result is

obtained, and in Iff, a mechanical twist is applied with magnetic effects. The

same holds with the other two pairs of statements.

In what follows an attempt has been made to measure quantitatively the

effects produced by varying the quantities above mentioned.

Now it is well known that the transitory currents set up in a longi-

tudinally magnetised iron wire are due to the circular magnetisations

produced by twisting the wire ; and Professor Ewiug' in 1883 showed how

circular magnetisation exhibits hysteresis with regard to the angle of twist.

It occurred to me some time ago that this might be a means of finding,

among other things, a relation between the longitudinal stress per unit area

on the wire and the circular magnetisation produced by the twist.

As far as I know, this has not been directly touched upon in any of the

papers on this subject, to the number of seventy or so, that have been pub-

lished before or since 1900.

I have therefore in this paper brought together some results obtained

witli iron wires, showing the effects of keeping :

—

1. The longitudinal magnetisation and the cross-sectional area of the

wire constant, and varying the longitudinal stress per unit area.

2. Tlie longitudinal magnetisation and the stress per unit area constant,

and varying the cross-sectional area of the wire.

3. The longitudinal magnetisation and cross-sectional area of the wire

constant, and varying the circular magnetisation and the longi-

tudinal stress per unit area.

4. The longitudinal magnetisation and the stress per unit area constant,

and varying the cross-sectional area of the wire and the circular

magnetisation.

The arrangement of the apparatus used is shown in fig. 1.

BV \s, an iron wire suspended in the vertical component of tlie Earth's

magnetic field. The top end B is fixed to an insulated support on a cross-

beam in the ceiling of the room, and the lower end, about 9 feet below,

dips into a mercury cup C.

On the lower end of the wire is fixed a non-magnetic cylinder or weight

made of brass and lead, which has attached to it two light handles or pointers

P, by means of which the required twist could be given to the vertical wire.

1 Proc. Eoj'. Soc, London, 18S3, also " Magnetic Induction in Iron and other Metals," 3rd ed.,

p. 237.
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The top of tlie wooden giiide-frame F has a scale marked on it which is

divided into spaces of 10 degrees, from to 180 round eacli half.

The wire 7i Founder test could be put in circuit—through the plug key K,

—with a sensitive moving coil ballistic min-or galvanometer BG of the

Ayrton and Mather type, with a coil of resistance 325 ohms.

/////////////////////////

An earth-inductor E could also be put in circuit with the galvanometer

and wire, by opening the key K, and closing A' ; this was for the purpose of

testing or checking the constant of the galvanometer during the progress of

the work. At the beginning and end of every set of observations on the

T 2
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wire, -ffj was opeued and Ki closed, and tlie eartli-inductor turned through an

angle of 90° in the horizontal component of the Earth's magnetic field.

The distance of the scale and light spot from tlie mirror of the

galvanometer was 101"3 cms. throughout the experiments, and the constant

of tlie galvanometer was measured in the usual way by means of the earth-

inductor, and found to be practically 70 x 10"'" coulombs per scale- division,

and 700 divisions on the scale equalled 44 cms.

Before coming to the subject proper of this paper, I shall explain how

an interesting experiment can be made with this simple arrangement, to show

the presence of a transitory electric current due to circular magnetisation

produced by twisting an iron wire, wliich is hanging or placed iu a magnetic

field.

A No. 16 ordinary soft iron wire was suspended in the earth's vertical

field about 0"45 c. g.s. unit, and when tlie weight on the end of the wire was

turned or twisted round the central axis of the wire, a momentary electric

current was produced, giving a throw on the ballistic galvanometer. The

transitory current thus obtained flowed down the wire when the weight was

twisted from left to riglit with respect to an observer standing beside the

wire.

The galvanometer was temporarily taken out of cii'cuit, and it was found

\>j calculation and experiment that a length of 227 cms. of the wire, with a

vibrator of about 6000 grammes at the lower end of it, had the same period

of torsional vibration as the period of vibration of the galvanometer coil,

viz., 3'69 sees.

The galvanometer was now put in circuit, and a series of observations

taken thvis :—The vibrator was turned through an angle of, say, 45°, and

allowed to vibrate freely round the axis of the wire. The current produced in

the wire caused the galvanometer coil and the spot of light to swing in

unison with the vibrator ; then the 4th and 5tli swings of the light S23ot were

read off in every case, and the mean of tlie two taken. The vibrator was

now started from 90°, and so on up to two whole turns.

The results obtained are shown in Table I. and as a curve in fig. 2.
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Table I.

Amplitude of

Vibration.
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Ao initial twist of 180° was just within tlie elastic limit of the wire, but

beyond that angle the wire was permanently deformed as indicated by tlie

curve becoming flat.

Nagaoka' has described an interesting experiment designed to show the

Wiedemann effect to a large audience by means of capillary ripples on tlie

surface of mercury ; and important results have been obtained by Gray and

Wood^ on the effect of a magnetic field on the rate of subsidence of torsional

oscillations in iron.

In order to carry out experiments to test the effect of stress on the

material as indicated in the first statement on page 102, another iron wire

of the same gauge, No. 16, was taken and carefully prepared and annealed.

One end of the wire was fixed to a support and stretched horizontally with a

string over a pulley having a weight of about 7 kilos, attached. The flame of

a good bunsen burner was tlien passed slowly over the wire, raising it to a

bright red heat ; by this means all the kinks were taken out of tlie wire. It

was then hung loosely in a horizontal direction and the bunsen again passed

slowly over it twice, which left the wire annealed or as soft as the nature of

the material would permit.

The wire was then cleaned with emery cloth and placed in position in the

Earth's vertical field, 0-45 c.g.s. units, as indicated in fig. 1 ; a vibrator or

weight of a certain definite amount was attached, and tlie galvanometer put

in circuit.

Then by means of the handles P the wire was ultimately put through a

complete cycle in steps of 20° each ; at every 20° mark in the scale on the

top of the guide-frame F a small hole was made to hold a stout pin which

was moved along at each step and served as a stop or guide for the handle P.

Thus the pin being in the 20° mark the handle P was moved from 0° to 20°

and the throw on the galvanometer read ; then tlie pin was moved into the

40° mark and the handle moved from 20° to 40°, and the throw on the

galvanometer scale again read off, and so on right round the complete

cycle.

The throws or deflections on the galvanometer scale were read off at each

of the nine steps from 0° to 180°, and from this point the wire was put

through four complete cycles before reading the scale further—-in order to

bring the wire to a proper cyclic state. That being done, the throws on the

scale were again observed at each step from 180 to 0, and on the other side

from to 180, then back from 180 to 0, and finally from to 180. Then

summing up the galvanometer throws or transient currents, we have a measure

' Nature, vol. Ixix., p. 487. - Proc. Roy. Soc, vol. Ixxiii., p. 286.
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of the circular magnetisation produced by the toi'sion of the wire in a

magnetic field.

Table II. is an example of one of the sets of observations taken for a

complete cycle when the load on the wire was 9'9 x 10* grammes per

sq. cm.

Table II.

Angle.
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symmetrical round both axes ; tliis was no doubt due to the iron wire not

being quite free from torsion at the beginning of the cycle.

The load on the wire was then increased by putting on extra lead discs,

and a complete cycle again obtained ; and this was repeated for eight different

values of the load. Tlie cyclic curves thus got were plotted on millimetre

paper, and the complete area of each determined in sq. cms. by the method

of counting the squares. These curves were plotted on a fairly large scale :

on the axis of abscissae 1 cm. represented 20° twist, and on the axis of

ordinates 4 cms. represented ten divisions on the galvanometer scale ; the

latter might have been made to represent coulombs, but for the purposes of

comparison scale-divisions were used.
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Table III.

109

Stress in grammes
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cm., the tenacity or breaking weight of iron. Beyond this point the rate of

diminution is slower ; and if the curve were continued, it would meet the

axis in the figure approximately at the point 7'5 x 10^ It was found by

a separate experiment that the elastic limit of this wire was reached with a

load of 16*5 kilos, or about 8 x 10^ grammes per sq. cm. When the curve is

plotted on a larger scale, with both the axes starting from zero, a tangent

drawn from that point on the axis of abseissse representing the tenacity of

iron (i.e. 65 x 10*) just meets the curve at the point of flexure; whilst the

straight part of the curve produced meets the axis of ordiuates at the point

165. From this we might infer that maximum magnetisation would be

obtained with a minimum weight, and vice versa ; the straight part of the

curve, however, is the only part we are certain about, and this shows that, as

the stress per unit area increases from 10* to 2'5 x 10* grammes per sq. cm., or

250 per cent., the area of the cyclic curve or the circular magnetisation in

tlie iron wire decreases from 130 to 80, or about 40 per cent.

Referring again to fig. 3 : the whole eight cyclic curves obtained were

plotted to the same scale as here used, and the distances on the curve marked

mn, ob, and oa were measured. The corresponding distances on an ordinary

H-B cyclic curve for iron are what determine its shape and area, so here we

get some interesting relations between these values on the circular magnetisa-

tion curves when they are plotted against the load on the wire. These

values are given in Table IV., and shown in curves in fig. 5.

Table IV.

Stress in grammes
per sq. cm.
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in column marked oa are angles of twist where 1 cm. represents 20°, as in

fig. 3 ; but in the curves, fig. 5, four cms. are taken to represent 20° of twist,

so as to avoid a second set of numbers on the axis of ordinates. That is, the

numbers ou the axis of ordinates represent deflections on the galvanometer

scale for the curves nm and ob, and represent angles of twist in degrees for

the curve oa.

The mil and ob curves are practically parallel up to a load of about

3 X 10^ grammes per sq. cm.; and as the load increases from about 10^ grammes

per sq. cm., these quantities decrease at a uniform rate—i.e. they diminish by

about 36 per cent, when the load is increased three times. In the curve marked

SO

4-X 70^

stress Grammes per sq. cm.

Fig. 5.

oa, for the same increase in the load, the rate of decrease of tlie quantity

represented is smaller, and the diminution about 20 per cent.

In order to test the effect of increasing the cross-sectional area of the

wire, and keeping the longitudinal magnetisation and the stress per unit

area constant, six new sets of wires were obtained of standard gauge,

Nos. 12, 14, 16, 18, 20, and 22. These wires were of the best Swedish

charcoal iron, and were delivered in perfectly straight lengths of about

9 feet, and all in the same physical state with respect to heat treatment.

An extensive series of cycles were taken with these wires, as in the

u2
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pi'evious experiments, with a coustaut load ou of 10° grammes per sq. cm.,

the -gVth part of the tenacity of iron, and, before testing, they were, as in

the first series, all passed twice through a bunsen flame and carefully

annealed.

To find, however, the effect of annealing on the material, one of the

wires—a No. 16—was tested in the condition in which it came from the

manufacturer ; it was then annealed and again tested, with the result

shown in fig. 6, where the area of the cyclic curve is increased about six

times by the annealing.
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ones ; on the axis of abscissae 1 cm. still represents 20° of twist, but on the

axis of ordinates 1 cm. represents 10 divisions on the galvanometer scale

instead of 4 cms., as in the previous cases.

In curving both sets of observations a scale was chosen, so as to get a

minimum of error in counting the squares for finding the areas of the cyclic

curves.

As already stated, each wire before being tested was annealed with a

bunsen flame, then carefully cleaned with emery-cloth, and hung up in the

Earth's vertical field of 045 c.g.s. units as indicated in fig. 1.

The throws on the galvanometer scale were observed, as before, for the

first part of the cycle by going steps of 20° each from 0° to 180° ; the

galvanometer was then cut out of circuit, and the wire put through four

complete cycles ; the galvanometer was put in circuit again, and the cycle

completed in the usual way.

All the six sets of wires were done in this manner with a longitudinal

stress or load on of 10^ grammes per sq. cm., and in a magnetic field of

0'45 c.g.s. unit.

The results are here given in Table V., and shown in the curve fig. 7.

Table V.

Cross
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free, it did not return to zero as in the other four wires, but was from 5" to

10° out. The positions therefore of these points on the curve is what one

1
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current was reversed and the same steps taken to 206 amperes and down to

zero, when it was again reversed, and hj the steps increased up to two

amperes again, thus finishing the complete cycle. The twist on the wire

lags on the current going through it, and when the currents in amperes

through the wire are plotted against the twist or deflections on the scale a

very symmetrical cyclic curve is obtained.

The maximum current of 2'06 amperes used through this No. 16 wire

was at a current density of 100 amperes per sq. cm., and was not large

enough to appreciably change the physical condition of the wire. A cycle

was taken when the wire was suspended in the vertical component of the

Earth's magnetic field 0'45 c.g.s. unit, and with a load on the wire of

10^ grammes per sq. cm. The observations were then plotted on millimetre

paper, where 2 cms. represented one ampere on the axis of abscissae, and

1 cm. on the axis of ordinates represented ten divisions of twist on the scale,

the distance from the scale to the mirror being 114 cms. and 700 divisions

on the scale being 44 cms. The area of the complete cyclic curve so obtained

was found to be 23"5 sq. cms, and the maximum twist for 2'06 amperes was

36'8 scale divisions. When the load on the wire was doubled and another

cycle taken in the same field, and with the same maximum current, the

area of the cyclic curve was increased by 3'5 sq. cms., and the maximum

twist increased by about 5 scale-divisions. (H. Gerdien' has shown that the

cyclic variation in the torsion of an iron wire produces a cyclic variation in

the_longitudinal magnetic moment.)

In order to test the effect of a stronger magnetic field, a solenoid was

now put round the wire when still in a vertical position. This solenoid

was 236 cms. long, and 2 cms. internal diameter, and consisted of 7707 turns

in 4 layers of number 20 d.c.c. copper wire wound uniformly over the whole

length, the resistance of the coil being 17 ohms at 12°C, and the magnetic

field inside the solenoid being about 41 c.g.s. units per ampere.

When the solenoid was in position, the wire projected from the ends by

about 2 cms. at the top, and 8 cms. at the bottom. This method of getting

a magnetic field does not allow the wire—as here arranged—to be in a

uniform magnetic field throughout its entire length, so that results got by its

means are not quite comparable with those obtained when the wire is in a

uniform magnetic field such as the vertical component of the Earth's magnetic

force. The solenoid was, however, tested experimentally by means of an

exploring coil, and the internal magnetic field was found to be perfectly

uniform along the whole length to within 5 cms. of each end, so that in the

I Ann. d. Physit, 1904, pp. 51-86,
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following experiments we may take it that about 226 cms. of the wire was in a

magnetic field of uniform strength.

The circuit was now arranged with the No. 16 iron wire hanging

vertically in the centre of the solenoid, and a longitudinal stress, or load, put

on the end of the wire of 10= grammes per sq. cm. A current was sent round

the solenoid in such a direction as to give, along with the Eartli's vertical

force, a total magnetic field of 7 c. g. s. units.

The wire was then put through a complete oycle, by sending currents

through it, increasing by steps up to 2-06 amperes as maximum, and the deflec-

tions on the scale or twist read at each step as before. The load on the wire was

then increased, and a cycle again taken, and so on for seven different values of

the load in all. The cyclic curves were all drawn to the same scale, viz., 2 cms.

representing one ampere on the axis of abscissae, and 1 cm. representing ten

scale divisions, or twist, on the axis of ordinates. The area in sq. ems. of

the complete curve was measured in each case, and also the total twist for

the highest current of 2'06 amperes observed.

The results for a total magnetic field of 7 c. g. s. units are here given in

Table YI.

Tablk VI.

Load on wire in

grammes per s(j. cm.



Brown—Mechanical Stress and Magnetisation of Iron. 117

is further increased by about 16 per cent., the twist is slightly increased, or

about 2 per cent. It is difficult to see why this increase should take place.

It might, however, be due to a sligiit error in reading the value of the current

through the wire.

It will also be seen that the area of the cyclic curve which measures the

circular magnetisation is decreased by about 9 per cent, for an increase of

70 per cent, in the load, and reaches a minimum at a load of 2-1 x 10° grammes

per sq. cm. ; and then there is a slight increase in the cyclic area for a further

increase of 16 per cent, on the load.

The same wire, No. 16, was now annealed by passing tJie flame of a

bunsen burner slowly over it ; and was again tested for two different loads in

magnetic fields of different values. That is, it was tested after annealing with

a load on of 10^ grammes per sq. cm., when placed in magnetic fields of

strengths from 4 to 1 3'6 c, g. s. units. It was then re-annealed, and again

tested for a load of 243 x 10° grammes per sq. em. when placed in the same

fields. The results thus obtained are given in Table YII. and fig. 8.

Table VII.

Load on wii-e,
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The upper of the two lower curves is the curve obtained by plotting the

area of the cyclic curves against the magnetic fields when a load of 10*

Magnetic Field in C. S. G. Units.

Fig. 8.

grammes per sq. cm. is on the wire ; and the last curve is that for a load of

2'43 X 10* grammes per sq. em.

The two upper curves in fig. 8 are practically parallel for the two different

loads on the wire, and show that as the magnetic field round the wire is

increased from 4 to 10 c.g.s. units, the maximum twist is decreased about 23 per

cent, for the smaller load, and about 30 per cent, for the higher load, i.e., when

the load is increased 2'43 times the diminution of the maximum twist is

further magnified by about 7 per cent.

As the magnetic field is further increased from 10 to 13-5 units, the

maximum twist decreases about 22 per cent, for the light load, and 28 per cent,

for the heavier load.

This drop in the curves for a field of 13'5 units is what one would expect

from the curves given in Nagaoka's' report, where the maximum twist is

Nagaoka, Report, loc. eit., p. 550.
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shown to be obtained in a field of about 10 c. g. s. units, which depends,

however, on the value of the current in the wire.

From the two lower curves in fig. 8 we see that as the field is increased

from 4 to 13'5 units, or about three times, the circular magnetism or area of u

cyclic curve is decreased about 50 jDer cent, for the smaller load, and 60 per

cent, for a load 2'43 times greater. From some experiments which are now

in progress, but just started, with the wire in a uniform magnetic field

throughout its entire length, it has been found that the maximum transitory-

current produced by twisting through 100° a wire of the same dimensions,

and with the same load on, as the one used above, was obtained in a field

of 2-5 c. g. s. units; so that for fields from 0-45 to 4 units the first part

of the curve, fig. 8, would probably be as shown by the dotted lines.^

The whole six wires were re-annealed by means of the bunsen flame,

and the maximum twist or deflection on the scale measured. In each case

the longitudinal stress or load was IC^ grammes per sq. cm., and the current

density through each wire 100 amperes per sq. cm. as before. The tests

were made when the wires were in the Earth's vertical magnetic field, and

also when they were inside the solenoid with a total magnetic field of

7 0. g. s. units. The results are here given in Table VIII., and shown in

curves in fig. 9, where the cross-sectional areas of the wires in sq. cms. are

abscissse, and the twist or maximum deflections on the scale are ordinates-

TABLE VIII.

Cross-sectional area
of wires in sq. cms.
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The lower curve in fig. 9 is that due to a field of 0*45 units, and the

upper curve that due to 7 units. From this we see that in botli cases
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tlieu diminishes as the surroundiug field increases, and even reverses if the

field is sufficiently increased, as w&s shown by Villari.' In the former case

it would seem from these experiments that when the longitudinal magnetic

field and the current density in the wire are kept constant, and the cross-

sectional area of the wire varied, the maximum twist attains its highest value

with a wire of cross-sectional area 206 x 10"^ sq. cms.

Conclusions.

Tlie following conclusions may be arrived at from these experiments :

—

1. The momentary electric current produced by an axial twisting in a

magnetic field of an iron wire which is fixed at the top and in a vertical

position with a vibrator on its lower end, is very approximately proportional to

the amplitude of oscillation of the vibrator within tlie elastic limit of the wire.

2. When the longitudinal magnetism and the cross-sectional area of an

iron wire are kept constant, the circular magnetism produced by twisting the

wire is diminished as the load is increased up to the -^-gth. part of the tenacity

of the wire. When the load is increased 3^ times, the circular magnetism is

decreased about 40 per cent.

3. When the load and the longitudinal magnetism on an iron wire are

kept constant, the circular magnetism produced by twisting is proportional

to the cross-sectional area of the wire within the elastic limit of the wire.

4. When the longitudinal magnetism is kept constant round an iron wire,

which is carrying an electric current of density 100 amperes per sq. cm., the

maximum twist of the free end of the wire is decreased 16 per cent, for an

increase of 70 per cent, in the load ; and for the same change in the load the

circular magnetism is decreased 9 per cent.

5. When the load is kept constant on an iron wire which cai'ries a current

of density 100 amperes per sq. cm., the maximum twist of the free end of

the wire decreases as the longitudinal magnetism increases. For a load of

10* grammes per sq. cm. the twist is decreased 23 per cent, when the magnetic

field is increased 2*5 times; and when the load on the wire is increased 2"43

times, the maximum twist is decreased 30 per cent, for the same variation of

the longitudinal magnetism.

6. When the load on an iron wire is kept constant at 10^ grammes per

sq. cm., and the longitudinal magnetism increased from 4 to 13'5 units, or

about three times, the circular magnetism is decreased about 50 per cent.

;

' i'ogg. Ann., 18(58.
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and when the load on the wire is increased 2-43 times, the decrease of circular

magnetism is about 60 per cent, for the same range of field variation.

7. When the load per unit ai'ea, the longitudinal magnetism, and the

current density in iron wires are kept constant, the maximum twist of the

free end of the wire increases with the cross-sectional area of the wire up

to about 20'6 x IC sq. ems. In a magnetic field of 0'45 c. g. s. units,

when the cross-sectional area of the wire is increased b\ times, the maximum
twist on the wire is increased 9 times ; and in a field of 7 c. g. s. units the

maximum twist is increased about If times for the same change in the

wire's cross-sectional area.
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THE OSMOTIC PRESSURES OF THE BLOOD AND EGGS OF
BIRDS.

By W. R. GELSTON ATKINS, B.A.,

University Chemical Laboratory, Trinity College, Dublin.

[cOMMUNlCATiSD BY PROFESSOR H. H. DIXON, SCO., F.R.S.]

[Read March 23. Received for Publication ApiiiL 6. Published May 28, 1909.]

While the relation between the osmotic pressures of the blood or body-

fluids of marine and fresh-water vertebrates and invertebrates and that of the

surrounding medium has been studied by many workers, notably by

Bottazzi, Garrey, Rodier, Greene, and Dakin ; and while the blood of

mammals has been examined by Dresser, Koranyi, Hamburger, and others,

the blood of birds has been quite neglected, as far as I am aware, except for

three determinations of the osmotic pressure of the blood of the common fowl,

Gallus baiikiva, by Hamburger, and three by Grijins. This may be

accounted for by the fact that the study of the blood of birds apparently

affords no question of interest comparable to the equilibrium maintained

in water-dwelling organisms. Tlie attractiveness of the study of the

osmotic forces in land animals lies in the equilibrium between the various

body fluids and between the same fluids at various times.

The work of Koranyi, Bousquet, Kummel, and the great mass of

literature on the normal constancy and pathological variations in human

blood, and the relation between the osmotic pressures of the blood and urine,

bear witness to the great importance of this brancli of the subject.

It seemed likely, however, that the relation between the osmotic pressures

of the blood and eggs of birds might be of interest ; so the study was begun,

but difficulty in obtaining the requisite materials delayed it, and still

prevents its completion. The method adopted was the usual one—the

determination of the freezing-points of the various liquids.

Technique of freezing-point Determinations.

The apparatus used was the ordinary Beckmann with thermometer

graduated in hundredths of a degree ; tenths of a scale-division were
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estimated, using a pocket-lens, care being taken to avoid parallax. The

liquid, placed as usual in the inner tube, was slightly supercooled, and then

caused to freeze by addition of a minute speck of ice. The highest point

reached by the mercury column on rising after supercooling was carefully

observed. As the separation of pure solvent in tlie solid state increases the

concentration of the remaining liquid, the freezing-point as thus found is

theoretically too low, viz. further removed from that of pure water than it

ought to be. If the supercooling has not exceeded half a degree, the error

will be very slight. Bearing these facts in mind, the routine adopted was to

place the tube with the thermometer, after noting the reading, in a beaker

of water till the temperature rose to about 2° 0. It was theu free from

flakes of ice ; but minute fragments still remained. On replacing the tube in

the cooling-space the temperature fell, but remained stationary at the true

freezing-point ; for solidification begins immediately the freezing-point is

reached, if even a minute particle of the solid phase is present. After a

while the mercury column will begin to fall ; this is due to an appreciable

alteration in concentration occasioned by the separation of ice. If there was

a slight difference between the readings obtained by these two methods, the

last was always a smaller depression than the first. In such cases the last

determination, and not the mean, was taken, as it is less likely to have any

error due to supercooling. But if the supercooling was slight, there was no

measurable difference between the results got by the two methods.

The zero of the thermometer was redetermined from time to time. It

was found to fall from 3'64-3"33 in about two years, the change being

quicker in summer than in winter. This change in the zero, referred to by

most experimenters, is due, I believe, not to changes in the glass, which, are

relatively unimportant even with a large, thin bulb, but to the distillation of

the mercury from the curved surface of the hanging drop in the top of the

reservoir of the Beckmann thermometer, to the flat surface at the lower end.

The drop is caused by the expansion of the mercury, on the scale at 0° C,

when warmed up to room temperature. Now, although the pressure of

mercury vapour at about 15° C. is very slight, yet that of the curved surface

always exceeds that of the flat surface. Thus, as both are at the same

temperature, slow distillation must go on from the curved to the flat surface.

The result is that when cooling to 0° C. causes the drop to withdraw into the

narrow capillary stem, it does not stand as high as it did formerly, owing to

loss of mercury.

The drop is more curved in summer, as more mercury leaves the bulb

;

hence there is a greater difference in vapour-pressure, and consequently the

distillation is more rapid.
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Vigorous ami continued stirriug is neoessai-}' in all work with sucli viscous

fluids as blood and eggs.

Materials used.

The blood examined was obtained from the neck of the bird, and drained

into a clean dr_y bottle, which was then corked, and sent to the laboratory.

The whole blood was used, both the serum and the contents of the clot. The
specimens were examined as soon as possible ; but standing for two days in a

cold room in winter was found to produce no alteration. Putrefaction,

however, alters the freezing-point, increasing the number of molecules by

the breakdown of complex into simpler ones, and by disintegration of the

red corpuscles. The blood was always in the arterial condition when

examined, being saturated with oxygen by the constant stirring.

The eggs used were perfectly fresh, and were broken and drained direct

into the inner tube. No difference was found in the freezing-point of the

white and yolk of the same egg, and a mixture of white and yolk gave the

same depression. Accordingly, in all the experiments recorded, the white of

the egg was employed, as it was much easier to stir than the yolk. The

results obtained are tabulated below.

Common Fowl {Gallus hanhiva).

1.
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Turkey {Meleagris gallopavo, L.).

1.
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by 0'035° C. The range of variation iu A for the egg of Grallus is 0-053° C.

;

wliile in Anas, differences amounting to 086° 0. were found. These fluctu-

ations are considerably greater than those found in tlie blood ; and the value

of A is in every case much less than for the blood. The egg-white is a

secretion ; and as secretions often differ widely from the blood in concentration,

there is nothing surprising in tliis. It is, however, remarkable that the ovum

proper, which was in equilibrium with the blood and body-fluids hefore

becoming detaclied, is found in a nutrient medium of mucli smaller osmotic

pressure.

The cause of this reduction in osmotic pressure lias now to be sought. Is

it due to a diminution iu the inorganic salts, of which sodium chloride is

by far the most important, and the others may be assumed to vary witli it

;

or is it due to a decrease in the organic crystalloids present ? To decide this

question an analysis was made of the chlorine in the white of duck-eggs and

in the plasma of duck-blood, from which the red corpuscles had been separated

by a centrifuge. A few determinations of the chlorine in sera of other

birds were also made ; but these were not quite free from red corpuscles. Tlie

analysis was carried out by drying and igniting the egg or serum in a covered

crucible, and then dissolving the ash in dilute nitric acid and titrating the^

chlorides by Volhard's method. As the quantities of chlorine found

amounted only to from 0-03 - 0'02 grm., the accuracy attained is not very great.
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sodium salt, viz. 0'473 per cent., would give a value A = 0-282" C, leaving

0-292° C. as the depression produced by the organic solids and the remainder

of the inorganic. In the egg the sodium chloride amounts to 0-148 per cent.,

which produces a depression A = 0-091° C, leaving 0'361°0. as due to the

organic and remaining salts, so the egg is richer than the blood in organic

crystalloids. These values of A were got by interpolation from the results of

Loomis ;' as his observations are very close together, iaterpolatiou introduces

no error.

Considering, now, the difference between the values of A for serum and

egg As - Ae = 0'122°O. ; the difference in the sodium chloride depressions

gives AsNac' - AeNaCi = 0-191° 0. Thus the loss of chlorides is more

than sufficient to account for the difference in the values of A for blood and

eggs. This is using the mean values in the calculations.

But taking the maximum values of A for serum and the minimum value

for egg, As - Ae = 0'171°O. ; while the minimum amount of sodium chloride

in the serum and the maximum amount in the egg give AsNaCi - AeNaCi

= 0'158°C., thus reversing the result. On the whole, it appears probable

that there is in the egg a reduction in the inorganic salts beyond what is

required to account for the difference in A given by serum and egg, the

excess depletion being compensated by an increase in the organic crystal-

loids. I hope, liowever, to investigate this point further.

This reduction in pressure accounted for above may take place either

—

(ff) in the ovary,

[b) during the passage of the egg down the oviduct, or

(c) in both stages.

Consider now the first case— («). The ovum is being enlarged by the

deposition of nutrient substances, resulting in a giant cell composed almost

entirely of metaplasm. It is hard to see why tliere should be any reduction

in pressure under these conditions ; so it seems probable that the osmotic

pressure of the ovum in the ovary is the same as that of the surrounding

body-cells.

[h) When the ovum begins to travel down the oviduct, it is coated with

various layers of albumen secreted by the glands of the duct. Now these

secretions may have a low osmotic pressure, like human saliva, which freezes

at - 0-10° C, while human blood freezes at - 0-56° C. Diffusion taking place

between tlie yolk and the albuminous coating would soon equalize the concen-

tration, so there would be a slow fall in the freezing-point of the yolk,

from that of the blood to tliat of the egg as determined when laid. This

' Wieden. Aimal. 31, 1894, s. 515.
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fall would, according to the above view, take place as the yolk travels down

tlie oviduct.

(c) It is possible that both the yolk as formed in tlie ovary and the

albuminous secretions of the oviduct are isotonic, both being deficient in

chlorides. In any case it is found that, when the two layers of membrane

and the shell have been formed around the egg, the osmotic pressures of

the yolk aTid white are the same. Tlie two membranes together are semi-

permeable; but it was not ascertained which of them prevents the passage

of salts, or wlietlier both act. The deposition of the shell, which is nearly

pure calcium carbonate, must be a great drain upon the supply of calcium

in the blood feeding the shell-glands. At any rate the amount of calcium

found in the interior of an egg is small, only 0'04 per cent., or 0*023 grm.,

in an egg weighing 52"84 grm. without the shell, which weighed 6'18 grm.

It has recently been proved (En. Carpiaux, Bull. Acad. Eoy Belg., 1908,

pp. 283-295) that during incubation some of the shell is dissolved by the

carbonic acid formed by the respiration of the chick, and the calcium thus

obtained is utilized in growth. The supply of phosphates for bone-formation

is obtained from the lecithin of the yolk.

Why the germ-cell is exposed to such a change of osmotic pressure at all

is not clear; but it lias been experimentally proved that dilute solutions are

more favourable to cell-division than concentrated ones. It is also possible

that this reduction in pressure is a provision for the increase of pressure

arising from the metabolism of the chick in the egg, with no possibility of

eliminating waste except into the cavity of the allantois ; for the breakdown

of the complex proteids of the egg iuto simpler molecules must greatly

increase the osmotic pressure ; and this increase might be injuriously great

were it not for the previous reduction in pressure. I hope to study the

relation further, and to determine the osmotic pressure of the egg during

various stages of incubation.

Summary.

The blood aud eggs of birds are not isotonic, the osmotic pressure of

the egg being considerably the lower. The blood of each kind of bird has

an almost constant freezing-point, the fluctuations being of the same order

as those met with in mammals.

The diiierence in the osmotic pressures of the blood and egg is slightly

more than accounted for by the diminution in the iuorganic salts of the egg

as compared with the blood.

I wish to thank Dr. Sydney Young, f.r.s., aud Dr. H. H. Dixon, f.r.s.,

for their advice and criticisms throughout the work,
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XIV.

CHRYSOPHLYCTIS ENDOBIOTICA, Scliilb. (Potato-wart or

Black Scab), AND OTHER CHYTEIDIAOE^.

By T. JOHNSON, D.Sc, F.L.S.,

Professor of Botany in tlie Eoyal College of Science, Dublin.

(Plates IX.-XI.)

[Read March 23. Ordered for Publication April 6. Published June 1G, 1909.]

My attention was first called to tlie warty disease of potatoes by an article

in the Journal of the Board of Agriculture (England), entitled, "Anew Potato

Disease, Chrysophlyctis endohiotica, Sehilberszky," from the pen of Professor

M. C. Potter (1), who, in the beginning of 1903, sent me some spore material.

Later in the year, through the late Dr. Maxwell Masters of the Gardeners'

Chronicle, I got a quantity of warty tubers from Cheshire, from Mr. New-
stead, the Curator of the Grosvenor Museum, Chester. I naturally watclied

with interest the spread of the disease through Great Britain, and its

continued non-appearance in Ireland.

Attention in Ireland had been called in 1907 to the dangerous character

of the disease, by the publication of an illustrated leaflet by the Department

of Agriculture and Technical Instruction for Ireland (2), and early in 1908

by the issue of an Order in Council, giving power to penalize anyone found

importing or concealing cases of the disease. Hundreds of samples of scabby

potatoes were in consequence sent in for repoi't ; but they proved to be either

the ordinary scab or Spougospora scab. In October, 1908, however, by the

discovery of three cases of warty tubers in Co. Down, Ireland's clean record

was lost.

Steps were immediately taken by the Department to stamp out the

disease, it need hardly be said. At the end of October, I received from it some

of the warty tubers (PI. IX., fig. 1). Examination of the haulms or "potato-

tops" of the diseased plants showed that the trouble was not confined to

the tubers, but affected also the branching underground stem (the stolons),

and even the fibrous roots. This is in harmony with the observations of

Borthwick (3) in Scotland, and of Salmon (4) in Kent, who give excellent
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illustrations of the warty excrescences on the haulms at or near the collar.

Hence it may be concluded tliat there is no part of the potato-plant not

liable to injury by the disease. This being the case, it follows that no

part of the plant should be left undestroyed in attempts to eradicate the

disease from an aifected centre. It is known that diseased tubers leave

spores in the ground, and the diseased shoots no doubt do the same.

A diseased tuber is readily recognizable by the coral- or brain-like wart,

tumour, or carbuncle on it at one or more points, but especially at the

toe or crown end. Tlie wart is a wrinkled proliferation or corrugation of the

flesh of the tuber (PI. IX., fig. 2), due to excessive cell-division caused by the

stimulating presence of tlie fungal parasite. It is apparently an attempt on

the part of the host to rid itself of the enemy. Microscopic examination of

one of the convolutions of the wart sliows the abundance of the resting spores

of the fungus {Chrysojihlydis eiidobiofica, Schilb.), (PI. IX., fig. 3). To the

naked eye the first signs of attack of a tuber are observable in the abnormal

appearance or malformation of a sprouting " eye." The grey surface of

tlie swollen eye is dotted over with golden-yellow rings, as seen with a

pocket lens. The microscope shows that these rings are optical sections of

the walls of the resting spores, Wlien ripe these walls become dark-brown,

and the whole wart then looks more or less black, giving the term of " Black

Scab," or, better, " Black Wart," to the disease. It is unfortunate that

Schilberszky's (5) first and only account of the trouble in 1896, good as it is,

is brief, incomplete, and unillustrated. His reference to tlie crater-like

excavations of the potato flesh, arising in the later stages of the disease,

suggests that the black scab attack he had to deal with was complicated

by some other disease such as the deep form of Spongospora scab. Further,

except for the knowledge due to Potter, that the trouble, as would be expected,

is perpetuated by tlie resting spores, his account was not added to until

November, 1908, when I was able to anaouuce in Nature tliat I had

succeeded in making the recalcitrant resting-spores germinate.

Chrysoplilyctis is a member of the Ciiyti-idiacese, a low group of fungi

having many points of affinity with the Slime fungi or Myxomycetes, and

being, in the opinion of some botanists, the originating group of fungi in

general. They are classified partly by the character of their plant- or

vegetative body, partly by their mode of reproduction. In the lowest forms

the plant-body is a naked plasmodium, and propagation is mostly vegetative :

in the highest there are hyphse, suggestive of a mycelium ; and reproduction

is sexual as well as vegetative. Ghrysophlyctis is a member of the lowest

group, tlie Olpidiacese. Its plasmodium is distinguishable in the host-cell

by being denser, homogeneous, and finely granular (PI. XL, fig. 1). It may
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be seen abutting ou the host-protoplasm, and disputing with it, as it devours

it, occupation of the enlarging cell-cavity. The host-nucleus is first affected,

turning brown. The protoplasm follows, and then the cell-wall. Tliis,

though brown, does not, like the protoplasm and nucleus, disappear. The

starch-grains are the last attacked, and remain white and uninjured for some

time in an invaded cell. The parasitic plasmodium passes from cell to cell by

boring its passage through the host cell-wall. No doubt the parasite secretes

the cellulose-dissolving ferment cytase, as well as a toxin to kill the host

protoplasm before absorbing it. It is in this stage that it stimulates to active

cell-division the surrounding host-cells, and produces the gall or wart.

Propagation.—A. Swann or Sxminer Zoosporangia.

The parasite not only penetrates through its host from cell to cell by

its Plasmodium ; it also spreads from tuber to tuber, and from plant to plant,

by the formation during the growing season of zoosporangia. These are

elliptical bodies, with smooth yellowish walls, and numerous zoospores

which escape through a hole in the wall, and attack healthy potato-tissue.

Schilberszky saw the escape of these spores, and states that they can bore a

passage for themselves into neighbouring host-cells, when their discharge is

internal. The spores escape readily when the sporangia are placed in water

or in macerations, says Schilberszky.

B. Winter or Resting Sporangia or " Spores."

As the tuber ripens, the parasite replaces the summer sporangia by resting

ones which carry the disease through the winter, and serve to propagate it in

the spring. Schilberszky mentions these resting spores, but contents himself

by noting their thick, dark-brown walls, described by him as smooth. He
leaves to the future an account of their origin, structure, and fate.

The resting sporangia, 30-70 /x in diameter, are very numerous in

diseased tubers, and are easily recognizable with a pocket lens (PI. IX., fig. 3).

Under the microscope the wall is seen to be not smooth, but ridged or

angular (PI. XI., fig, 3). These brown ridges or bands form part of a kind of

epispore which arises as the sporangium ripens, and seems to be formed from

the residual contents of the host-cell when not also from its cell-wall as well.

I find W. B. Grove (Gardeners' Chronicle, 1906) supports this view in part,

in that he says that " though the resting spores are smooth outside, they are

sometimes closely invested with the brown angular remnants of the host-cell

in which they had formed." The epispore is thus deposited from without, as

a third layer on the thickening wall of the sporangium. If this more or less

artificial epispore is ignored, then one may speak of the spore-wall as smooth.

z 2
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Its presence is, however, enough to prevent one from confusing the resting

spores of Clirysophlyctis with those of Urophlijctis leproides—the cause of beet-

tumour, a mistake which lias unfortunately crept into mycological literature.

As a rule there is only one resting sporangium in a host-cell ; occasionally

there are two.

Through the dark wall of the sporangium one can see the spongy or

granular protoplasmic contents enclosing in the centre a bright body which

reagents show to be a large reserve fat globule.

Tlie origin of these resting spores can be traced in microtome preparations

(PI. X., figs. '6, 4, 5). The naked dense plasmodium soon becomes wholly

converted into a sporangium which continues to enlarge and to occupy more

and more of the enlarging host-cell. Chrysophlyctis is thus holocarpic, and

differs from the eucarpic Urophlyctis, in which the whole of the vegetative

body is not used up in the production of the propagating organs, as is the

case in Chrysophlyctis.

I followed the resting spore from its foundation to complete maturity, but

must leave to a future occasion an account of the nuclear and other changes

in the developing sporangium, as my results are not yet complete. I may say

there are not wanting signs that the small host-cells surrounding the invaded

enlarged one may lose their cell-walls in part, and form a sort of symplast

round the developing sporangium.

Germination of Eesting Sporangium (or " spore ").

Judging from analogy and from the examination of preserved sporangia,

I concluded the " resting spore " must be a composite body or resting sporan-

gium (PI. XI., fig. 4). I proceeded to try and rouse it from its winter rest by

stimulating solutions of one kind or another, e.g., by :

—

A, 1 per cent, sugar,

B, 2 per cent, sugar, C, A or B with a trace of theproteid ferment papayotin,

D, potato juice alone ; and E, D with papayotin. Cultures in these and in

water were kept, as well as macerations, in darkness, in light, at room

temperature, and in the incubator at a constant temperature of 20° C, and

examined from day to day. I constantly found empty spore-cases with

ruptured walls, but for some time failed to see any signs of escaping zoo-

spores. At last the potato juice, exercising possibly a chemotactic influence,

gave success ; and sporangia with split walls and escaping zoospores were found

(PI. XI., fig. 6). These showed the same sluggish movements observed in the

sporangia of certain other Chytridians, disturbed during their resting period.

Each sporangium contains hundreds of more or less pear-shaped uniciliate

zoospores. As the zoospores are being formed, the large central fat globule

disappears, being broken up iuto innumerable minute globules which are



JoB.^fiO^—^Ohri/sophli/ctis endohiotica mid other Chijlridiacece. 135

absorbed by aud reappear in part in the individual developing zoospores.

When looking for sprouting sporangia, I had an experience one day

(20tliNov., 1908)of sufSciently general interest to deserve a detailed account.

1 saw several zoosjJores rushing very rapidly backwards and forwards through

the field of the microscope. I found next an elliptical sporangium with a

small hole in its wall at one end. The sporangium was practically full of

zoospores swarming most vigorously and crowded round the opening in the

wall in what looked like a general wild rush to be amongst the first to escape

into the fresh air dissolved in the surrounding water. Within a minute the

sporangium was emptied. The motion of the zoospores through the field of

the microscope was comparable to that of a mouse in a room ; and the rough

analogy is not lessened by the fact that the pear-shaped zoospore moved with

its single cilium behind. Some of the zoospores were caught between the

glass-slide and cover-slip and became stationary. Tiie body of the zoospore

(1'5-2'4|U in diameter) was actively amoeboid, going through changes of form

too rapid for me to sketch in succession (PI. XI., fig. 6). The cilium remained

either straight or became curved like a carriage-whip, and usually moved

passively with the body of the zoospore, though it also showed slow sweeping

movements backwards and forwards. Suddenly the body would be seized

with a violent spasmodic fit, shake itself free (or not) from its temporary

imprisonment, and swim away. The amoebidity of the body of the zoospore

and comparative passivity of the cilium were striking.

My letter to Nature in November, 1908, announcing the observation of

the multisporous character and the germination of the resting sporangia,

called forth a letter from E. F. Weiss recording his observations of germinat-

ing spores in August. The time of the year suggests that these must have

been the summer ones whose germination Schilberszky had already described.

The resting ones do not, in ray experience, germinate with ease in potato-juice,

as Weiss found his sporangia to do. If they had done so, I sliould not have

spent three months in examining them day by day under various conditions.

Marchal had the same difficulty witii the resting spores of the Chytridian

Asterocystis radicis. He saw the escape of the zoospores from the summer

sporangia readily, but failed to make the resting ones germinate, though he

found them from time to time in his cultures ruptured and empty. Tliis is

equally true of the resting spores of Olpidmm brassicae, the cause of " black

leg " in young cabbages. It looks as if, judging from Chrysophlyctis, rest-

ing spores must be cultivated in a decoction of or in immediate contact with

the host-plant, that its chemotactic influence may be exercised on them to

arouse the zoospores to activity. Summer sporangia sprout without diffi-

culty in water material in most Chytridiaus.
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Penethation into Host.

As our knowledge stands at present we are left to hypotliesis io account

for the entrance of the parasite into the potato-plant. The general assump-

tion is that the zoospore, whether it comes from the summer or the resting

sporangium, on reaching the potato-tuher, bores its way into the young

epidermal cells of the tuber at one of the eyes, and there begins its destructive

work.

Massee (7) holds that the parasite is an epidermal one only, and that

when tlie resting spores appear deep-seated, it is due to tlie depression of the

infected epidermal cells by the division aroused in the surrounding cells. It

is, I think, necessary to distinguish between tlie resting eyes of a ripe

tuber in the autumn and those of one sprouting in the spring. The

autumn eye is small, dormant, and protected; the spring one exposes its

delicate tissue to attack when sprouting, and would moi'e easily fall a victim

to marauding zoospores.

In my winter material I found tubers showing quite small, slightly warty

eyes. Examination of these showed them to be full of the parasite, not only

of its well-developed resting spores, but of the plasmodium also (PI. IX.,

figs. 5, 6). Some of the leaves in tlie shoot forming the eye are, as the

figure shows, riddled by the resting spores, and practically destroyed. Exa-

mination of the cortical cells of the tuber in the region of the eye, and

beneath the protecting cork layer, shows that these cells are occupied by

the parasitic plasmodium, which is, as Schilberszky states, thus subperidermal.

The condition of affairs is such that one cannot imagine the parasite can

have obtained its thorougli hold of the eye by simple penetration of zoospores

from without. It is more reasonable to conclude that (as I have already shown

in tlie case of the Spongospora scab (8) of the potato) the black scab, or warty

disease of the potato, is propagated, not only by the contact of healthy tubers

with spores in the soil, but by the internal passage of the plasmodium from

diseased tubers into the potato-tubers formed from them as seed, the next

year. On the 6th November, 1908, I inoculated tubers, and slices of tubers,

with decoctions and macerations of spores. Tlie tubers were kept in darkness

in sand at room temperature. The eyes have sprouted, and though the shoots

now (11th March, 1909) show discolouration, it is too early to say if infection

has taken place. I also placed a number of warty tubers under somewhat similar

conditions, exclusive of the sand. In their case the eyes have sprouted a

little ; and the new material in them shows an almost continuous "coating
"

of the resting spores, which could scarcely have arisen except from within.

The vascular tissue of the tuber, in connexion with the eye, was slightly

yellow, as if discoloured. It is this last-mentioned mode of propagation, i.e.
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by warty seed-tubers, which, I think, accounts for the outbreak of black wart

in Co. Down. Kilkeel, one of the disease-spots, is an important fishing-village

on the coast, with considerable intercourse with the English and Scotch coasts,

from which slightly diseased tubers could easily be imported, unnoticed by

the buyer.

The warty disease was reported from Germany in the autumn of 1908,

and is now known from various districts in Westplialia and tlie Rhine

Provinces. It would appear from reports in the Deutsche LandwirtsehciftUche

Presse (30th Sept., and 17th Oct., 1908), and the Illiistrirte LandioirtschaftUche

Zeitmig (2nd Dec, 1908), copies of which I have received from Dr. Riehra, that,

as in Cheshire so iu Germany, the disease was left unnoticed and unreported

for several years before tlie attention of botanists was called to it as an

increasingly troublesome pest. The tendency in Germany, judging from the

articles, is to regard the disease as not very serious, since it is confined, it is

stated, to small garden-plots, where potatoes are grown year after year in

the same ground. Germany would make a serious mistake if it treated the

outbreak of the disease with indifference. Tiiis, I know, its mycologists will

not do. It needs only a veiy casual acquaintance with the facts of the case

in the British Isles from the time of the discovery of the trouble by Potter

in 1902 to the present time to warn one of the necessity of taking all

possible steps to stamp out a disease which may become as serious as

ordinary leaf-blight, and less amenable to treatment.^ The soil, manure,

and weather are not considered in Germany as predisposing causes. Tlie

disease, most marked in the variety Magnum Bonum, called locally Stupmoll,

is attributed solely to want of rotation in the crops. It is called locally

canker," and is believed to induce cancer in eaters of diseased tubers. There

is no evidence of this connexion.

Affinities.

Ghrysojjhlyctis endubioHca is a member of the group Olpidiaeese, and is

allied to Asteroci/stis radicis. Massee regards it as a Synchytrium, basing

his opinion on :

—

(a) The epidermal nature of the parasite.

(b) The presence of an enveloping membrane round tlie protruding

contents of the sporangium.

I have already shown that, tliougli the parasite may enter the potato, in

some cases, at the epidermis, it is not its only seat, and tliat it may occur iu

a deep-seated position, even below the cork.

' The only redeeming feature iu connexion viith the disease is that its germs do not, so fiir as we
know, spread aerially in the growing crop.

'' In some parts of England it is called "cauliflower."
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I have never seen the enveloping extruded membrane mentioned, in any

fresh, ruptured sporangium. The wall ruptures; and tlie zoospores escape

without any sign of the extrusion of a membrane. This is not, however, the

ease in artificially preserved material. I hardened a rotting piece of potato-

wart, kept for some time under cultivation in potato-juice, and full of resting

sporangia, in Flemming's solution, and then stained it by tlie three-colour

method. On squeezing under the microscope a sporangium isolated from the

general mass, its outer wall burst, and the contents as separate zoospores were

extruded, enclosed by the inner wall as a liyaline membrane (PI. IX., fig. 7).

The persistence and protrusion of the inner wall as a membrane thus seem to

be due to the artificial preservation of the same by reagents. If the existence

of this protruding membrane in nature could be accepted, it would not indicate

Synchytrium affinities. The membrane in Synchytrium is an external one,

and envelops a sorus of 150 or more sporangia. It is quite different from

the inner wall of the single sporangium. This no more protrudes in Synchy-

trium than in Chrysophlyctis. My figure of the sporangium is, iu all

essentials, like that of Synchi/triiim taraxaci (fig, 8e), figured by A. Fischer (9).

His figure 8c (p. 46, o.c.) shows the membrane enveloping the sorus of

sporangia in S. Mercurialis.

Prevention of the Disease.

It is stated that the disease first appeared in 1896 in Birkenhead district,

and that it was brought there iu Coutiuental cattle-boats. It is now found

in many different districts in England, Wales, and Scotland. It is often so

pronounced as to destroy the whole crop, and it is not confined to garden-plots.

Warty tubers are naturally poorer in food-matter than healthy oues, and

when not destroyed in the field do not keep well in store. They ought to be

destroyed as soon as found, and on no account saved for seed. The most that

can be done with them is to boil and feed them to pigs. The haulms should

be gathered and burnt. Infected laud should be kept free from potatoes for

possibly seven years. Tiie applioatiou of kainit or other potash-manure

and of phosphates, the close inspection of seed-tubers, and the avoidance of

low-lying or undrained land should prove beneficial in preventing a recurrence

of attack. In keeping with the known aquatic habits of the Chytridiacese as

a group, a wet undrained potato field would be a predisposing cause, favouring

the spread of potato-wart. This is true of flas-yellowing duo to Asterocijstis

racUcis Wilde., of lucerne-canker in South America, due to Urophlyctis alfalfw,

and of cabbage black-leg due to Ol2:)idiuni brassicce iu North America, all diseases

caused by Chytridiaceie. Curiously enough, I have seen only one reference

to the bearing of the condition of the soil on cases of potato-wart, and have
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not myself vif3ited the Irisli centres of disease. Tlie west of Ireland, which

has potato-troubles enough, would, I am afraid, prove ideal ground from the

parasite's standpoint for the spread of the potato-wart.

I am trying the effects of soaking warty tubers in such fungicides as eor-

I'osive sublimate and formalin, as well as Bordeaux mixture ; but I think it

would be better to destroy tlie tubers outright when the tumour is obvious.

In some cases the tumour could be broken off by its narrow neck of attacliment

and the potato eaten, though even this might prove false ecouomy. Gras-lime

applied in May or June, and sulphur mixed with the soil, in probably non-

paying quantity, destroy the pest in the soil.

Bekt-tumour, Urophlydis leproiden.

Another Chytridian of considerable biological interest causes tumours on

the bulb or root of the beet' or mangel. Beta vulgaris var, ropacea, in Algiers,

where it was discovered in 1894 by Trabut (10), and was called by him

Entyloma teproides. Saccardo regarded it as a Smut, and placed it in the

Ustilaginaceee as CEdomyces teproides—a view supported by Prillieux and

others. Magnus, however, in 1897, in the "Annals of Botany," records it as

a Chytridian under the name of Uroplityctis teproides (11); and, curiously

enough, falls himself later into the error of ascribing potato-wart to it, as

do Massee and others.

TJrophlyctis is an interesting genus which causes aerial galls on some

plants, such as clovers, TJmbelliferee, and Chenopodiacese, and root-galls on

others, e.g., lucerne and beet. The gall is in some a much-enlarged epidermal

cell, almost surrounded by many layers of other cells. In others the cavity

containing the spores is added to by the ramification of the original cell

through the gall-tissue, accompanied or not by sieve-like perforations or

by complete absorption of the walls of the adjoining attacked cells. Ac-

cording to Prillieux (12), in TJroptityctis teproides, the cavities containing the

spores are formed by the hollowing out of the thin-walled parenchyma,

forming the fleshy tumour in which the spores accumulate. It is assumed,

I think naturally, that Prillieux means to imply that the hollowing out is

due to the breaking down of the walls of the surrounding cells. Magnus

does not accept this view of the origin of the cavities in tlie flesh of the

tumour. He considers that the cavities or cysts in a swelling or lobe of a

tumour are all connected and derived from one original cavity or host-cell

which sends out, when invaded, processes. These ramify through the

substance of the swellings, remain in connexion with the parent cell, and

1 The beet-tumour I examined from Co. Wexford showed no spores, and was not, as I at one time

thought {Jour, of Dept. of Agric, i., 1902), caused by U. leproides. The statement got into print

before I could suppress it.
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form numerous other spore-containing cavities by enlargements of the

processes. One must imagine a beet-cell when attacked sends out living

diverticula, which make a passage for themselves between the other

surrounding host-cells (stimulated thereby to division), and sooner or later

dilate to form the cavities or cysts, the whole being thus one malformed

host-cell. Througli tlie kindness of M. Trabut, I have been able to examine

some of the original material, and find myself unwillingly compelled to

differ from Magnus. Serial sections show the layer or layers of cells

between adjoining cavities broken or in the act of breaking down. Thus

the cavities containing the spores are due, I take it, at any rate in

part, to the disappearance by absorption of the surrounding host-cells.

They are therefore lysigenetic in origin, as is the case, to a certain extent,

in Urophhjcth pulposa (Wallr.) Schroet., and U. major Schroet., and still

more so in JJrophlyctis Ruhmameni Magn. (13). This is a point of con-

siderable interest. In 1895 von Lagerheim reported the occurrence of galls

on the roots of Lucerne {MecUcago satiim) in Ecuador. These galls were

caused, he stated, by the same fungus as that responsible for the beet

tumour. In the "Beriehte der deutsclien botanischen Gesellschaft" (14) for

1902, Magnus describes the same root-galls on lucerne material received

from Behrens from Colmar in Alsace, and finds certain points in which

the lucerne gall differs from the beet one, sufficiently important to justify

him in describing the lucerne fungus as a distinct species under the name

of UroiMyctis alfalfm (von Lagerheim olim) Magnus. The chief distinction

is that in TJ. alfalfm the walls between the cavities in the gall are broken

down, thus putting adjoining originally independent cavities into connexion

;

while in U. leproides, as already stated, no such dissolution of septa,

according to Magnus, occurs. My material, however, shows such collapse

of tlie separating partitions, and tlius U. alfal/ce as a distinct species must

rest, if I am right, on other grounds. Interesting in this connexion is

the illustrated account by S. Kusano (15) of a cyto-pathological study of

Synchytrlum puerarice. The parasite is chemotactically attracted to the

deeper tissues of the host, avoiding, though a Synchytrium, the epidermis

and the green cortical cells. Its plasmodium develops in the host'Cell.

Both increase much in size. The surrounding host-cells lose their walls

and form a symplast, enveloping the developing Synchytrium sorus, which,

at first intracellular, in the end lies in a lysigenetic intercellular space.

Okigin of Besting Spores tn Ujiophlyctis.

The resting spore of Urophlyctis is a smooth, thick-walled body, com-

parable to a plano-convex lens in section. From the centre of the flattened

side a small papilla may project. There are two distinct views as to the

origin of these spores. Magnus has described in U. /eproides and other
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species the presence of two distinct mycelia-one giving small male organs
or antlieridia, the otlier, larger female receptive organs or oogonia. The
antheridium becomes connected by a narrow canal with the oogonium, and
fertilization occurs. The resting spore is thus an oosperm or zygote. Fischer
on the other hand, says in Urophlyctis there is no act of fertilization. The
resting spore is the terminal cell of a hypha which also forms, just below
it, an accessory or collecting, more or less swollen cell, which becomes less

conspicuous as the resting spore develops. Magnus's views on TJ. leproides

are based, he states liimself, on the spirit material he received. I have
not seen any illustration of the female mycelium he describes beyond the
indistinct structure he shows (op. cit., figs. 29 and 33, V. leproides) and calls

" the remains of the carrying threads [or mycelium] of the receptive cells."

In his paper on U. Eubsaameni Magnus considers 'as the remains of the
host-cells' tufts of short appendages described as protoplasmic threads or

appendage-threads by Schroeter and Biisgen. Tljeso occur often at the

same point on the convex side of the resting spore in U. Rubsaameni, as

his remains of the female mycelium iu JJ. leproides. If I am correct in

my observations that in TJ. leproides the host-cells become disintegrated as

the tumour enlarges, may not the U. leproides remains also be those of its

host-cells ? In the examination of the spirit-material of TJ. leproides at my
disposal, I have seen nothing to support the view of the sexual origin of the

resting spores in Uroplilyetis.

Flax-Yellowing.

The flax crop, almost wherever it is cultivated, is liable to be troubled

not only by the yellow rust Melampsora lini, but by a more serious form of

yellowing, called in Belgium le feu or la brulure, due to a member of the

Chytridiacese, Asterocystis radicis Wild., the life-history of which, so far as

it is known, was made out by E. Marchal (16) in 1892. I have received

flax-yellowing due to it for report from various parts of Ulster. The
disease appears in wet, low-lying parts of the field, and is indicated by the

premature yellowing of the seed- and other lower leaves of the young plant.

The stem loses its firmness, and its tip topples over towards the ground. The
roots have a peculiar glassy, flabby appearance, and are easily pulled out of

the ground. The parasite is confined to the roots, attacks the root-hairs and
the roots generally, leaving only the central cylinder untouched. Tims the

yellowing of the foliage is caused by the choking up and destruction of the

absorbing tissues of the roots, i.e., to starvation of the plant by the interference

of the parasite. This occurs as a plasmodium in the host-cells, and passes, iu

a way at present conjectured only, from cell to cell in the root, reproducing

itself by swarm-sporangia like those of other Chytridiacese. Tliese sprout

2a2
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readily iu water, and form the usual uniciliate zoospores, which in wet soil

infect neighbouring roots, probably through the root-hairs. Marchal found,

e.g., that the zoospores spread the disease a distance of 20 cms. (8 inches) in

all directions in 24 hours.

Eesting sporangia are common in older plants, and have been shown to

be the means of propagating the disease from season to season, though their

actual germination has not yet been observed.

Flax-yellowing is a disease of youth. The critical period of attack varies

between the thirteenth and twenty-fifth day after the time of sowing, and is

partly dependent on the weather, especially the temperature. Asterocystis

occurs also on the roots of grasses, and of many weeds found in a flax-field.

Its eradication depends mainly on crop-rotation (in which flax comes once in

seven or even ten years), hel])ed by the pulling up and burning of the

diseased plants. Flax soil, says Marchal, should not receive excess of

nitrogenous manure, but a sufficiency of phosphoric acid. The extensive

manurial experiments carried out by the Irish Department of Agriculture

each year since 1901 demonstrate " that as regards artificial manures potash

should be the dominant, if not the sole, manurial ingredient in those used

for flax." Muriate of potash, at the rate of \-\\ cwt. per statute acre, mixed

with sand, fine soil, or sawdust, is recommended for application (17). The

Department finds that this potash manure prevents flax-yellowing in Ireland,

and, as a result, for the last two or three years very few cases have come in

to me for report. Marchal, however, found the zoospores of Asterocystis

bore easily a dose of 0'02 per cent. (1 in 5,000 parts) of potash iu their food

solutions or in soil.

Marine Chytuidiace^.

I have collected from various parts of the coast of Ireland algse infested

with Ohytridians. One of these, on a species of Ectocarpus, was described

by Dr. B. P. Wright (18) as Rhizophidium Dkksonii. In his monograpli

of tlie group, A. Fischer says of this species the sporangia are of very

abnormal form ; and the relation of the parasite to its host seems to deserve

fresh investigation, as its sporangium appears, from the figures, to lie partly

within the host-cell. Bhizophidium Schenk shows an external sporangium

and an internal rhizoidal or haustorial mycelium. My intention to act

on Fischer's suggestion by an examination of the collected material was

anticipated by P. Magnus, who gives the results of his examination in

Hedwigia in 1904, N. Wille having already in 1899 decided that the plant

was not a Eliizophidium, as it possesses no signs of a mycelium. He called

it Olpidium Dicksonii. Magnus, it seems, had the plant before him in 1875

(two years before Wright's account appeared), when describing the Marine

Olpidese, but left it unnoticed for the time being. He now regards it as
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the representative of a new genus which he calls Eurychasma {Eurus broad,

kasma a slit). It lives entirely in the interior of the host-cell attacked, does

not produce rliizoids (i.e., it has no intramatricular mycelium), and its whole

vegetative body becomes converted into a zoosporangium. It is thus

holocarpic. Eesting spores are unknown. It differs from the other

Monolpidiaceae in which Wille placed it by the mode of deliiscence of its

sporangium. This splits open and forces apart the cell-wall of the host-cell,

projects through the opening made, sends out one or two slight prominences,

tlie ends of which open to allow its zoospores to escape. Euri/chasma

Dicksonii (Wright) Magnus is the only species. It is very widely distributed,

and has been recorded from the coasts of Ireland, Scotland, Norway, and

from the Adriatic. It grows on many species of Ectocarpus, on Pylaiella

littovalis, and on Striana attenuata. Hauck found it in localities in the

Adriatic where the sea-water was not pure. Fischer states that the

Chytridiaus prefer pure water, and that when, e.g., cultures of decaying

algae which Chytridiaus are destroying begin to smell badly, the Chytridians

themselves are soon destroyed. Macerations are, however, recommended by

several observers for the germination of the resting spores.

Ol^ndium sphacellanim Kny is another marine form not uncommon on

species of Sphacelaria from various parts of the Irish coast, and hitherto

unrecorded. It occurs in the apical cells of the main and side shoots of

Sphacelaria and Cladostephus. Its sporangia, one to nine in each cell, are

rounded or flattened by pressure, have a smooth wall and a quite short

projecting emptying-neck. Resting spores are unknown. The host-cells

attacked cease dividing, become club- or pear-shaped, and their contents,

when not absorbed, turn brown or blackish.

No group of plants has more frequently led to error than the Chytridians

which simulate the reproductive organs of tlie marine algse. I have to

confess myself at fault (19) in describing a Chytridian, possibly this

Olpidiura, as the sporangia of Desmarestia Ugultda, which thus still awaits

the discovery of its reproductive organs.

The following list of Chytridiacese on marine algae, given by A Fischer

(op. cit., p. 26), may be of use to Irish students :

—

Olpidium bryopsidis on Bryopsis.

„ agyregatum in Cladophora.

,, sphacellarum Kny.

„ entosphmricum in Bangia and Hormidium.

,, tumwfaciens in Ceramium.

„ plumulce in Antithamnion plumula.
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PLATE IX.

Fig. 1. Potato-tuber showing pronounced wart at toe or crown. The malformed

sprouting eye and roots may be seen in the midst of the distorted

tissue. (Natural size.)

Fig. 2. Section through the convoluted surface of the wart showing numerous

' resting spores.' (Magnified.)

Fig. 3. A macerating piece of the wart showing numerous ' resting spores ' as

black dots. (Slightly magnified.)

Pig. 4. Microphotograph of a single resting sporangium, showing the angular wall

and the separate zoospores.

Fig. 5. Vertical section through a diseased eye

Fig. 6. The same more highly magnified.

Fig. 7. An artificially ruptured sporangium, from Flemming-fixed material

The individual zoospores are clearly recognizable.

The mass of zoospores is enclosed by the inner wall as a membrane, and

to the left the dark edge of the ruptured outer wall is just visible.
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EXPLANATION OF PLATE X.



PLATE X.

Figs. 1 and 2. Mierophotographs of the same sporangium at two different levels.

In fig. 1 the zoosx^ores are just recognizable as distinct.

In fig. 2 the slit-like rupture of the wall of the sporangium is seen.

Figs. 3 and 4. Mierophotographs of vertical sections of a young wart convolution

showing early stages of infection and of intracellular sporangium,

n is the host-cell nucleus,

p is the parasite.

Fig. 5. Microphotograph of two resting sporarngia, showing their central vacuoles

normally occupied by one or more fat globules. In the sporangium to

the right the multinucleate condition is clear.
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PLATE XI.

Fig. 1. a, b, e. Three different liost-cells, showing their nuclei and the intra-

cellular parasite.

Fig. 2. A resting sporangium in development. Wall and fat globules omitted,

(x 2000.)

Fig. 3. A ripening resting sporangium, showing the zoospores forming, and three

fat globules.

Fig. 4. A resting sporangium cultivated in potato juice. The individual zoospores

are shown.

Fig. 5. A ruptured sporangium from potato-juice culture. A few laggard zoospores

are shown.

Fig. 6. Escaped zoospores, showing amoeboid changes and the single cilium.

(x 2000.)

Fig. 7. Zoospores seen in the resting sporangium. Flemming-fised and stained

material.
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THE SCANDINAVIAN OEIGIN OF THE HORNLESS CATTLE
OF THE BRITISH ISLES.

By JAMES WILSON, M.A., B. Sc,

Professor of Agriculture in the Royal College of Science, Dublin.

[Read March 23. Ordered for Publication April 6. Published June 19, 1909.]

The prevailing opinion among those who have dealt with the subject is

that most of the British hornless breeds of cattle have originated inde-

pendently. Those who think tliat cattle were hornless before they were

horned hold that tlie hornless breeds have originated in reversions to the

earlier hornless condition ; while those who think that cattle were horned

before they were hornless liold that the hornless breeds have originated in

independent " spontaneous variations," as Darwin called them.

Darwin's view, which is chiefly held, may be gatliered from the following

quotations :

—

" The aboriginal species from which our domesticated cattle and sheep are

descended no doubt possessed horns, but several hornless breeds are now well

established."^

" It is possible that some breeds, such as tlie semi-monstrous niata cattle,

and some peculiarities, such as being hornless, &c., have appeared suddenly

from what we may call a spontaneous variation ; but even in this case a rude

kind of selection is necessary, and the animals thus characterized must be at

least partially separated from others. "-

" No one can give any explanation—although no doubt there must be a

cause—of the loss of horns, any more than of the loss of hair, both losses

strongly tending to be inherited. It is, I think, possible that the loss of

horns lias occurred often since cattle were domesticated, though I can call to

mind only a case in Paraguay about a century ago."^

1 " The Variation of Animals and Plants under Domestication," 1868, vol. ii., p. 29.

2/4«., vol. i., p. 92.

3 Letter to Messrs. MacdonaUl and Sinclair, published 'in their " History of Polled Aberdeen or

Angus Cattle," 1882, p. 12.

SOIENT. PROC. E.D.S., VOL. XII., NO. XV. 2b



146 Scientific Proceedings, Royal Dublin Society.

Against both views there are several eousiderations, viz.:—

(ffi) It is unlikely that precisely the same variation—or reversion—should

have occurred in at least a dozen separate districts in the British Islands.

{b) It is likely that, if it occurred so frequently in Britain, it should

also have occurred with similar frequency on the neighbouring continent,

especially in the Low Countries, where the cattle are closely allied to those in

Britain.

(c) It is unlikely that a phenomenon believed to have occurred so

frequently in times gone by should now be unheard of. A hornless calf

from pure-bred parents of any horned breed is never seen. Many are got

by the crossing of horned witli hornless cattle ; and, because of the hornless

condition being dominant to the liorned, it is a very simple matter to make a

horned breed hornless by persistent selection of the hornless descendants of

such a cross for breeding purposes. A homed breed has hornless calves in

no other wa3^ it would be very difficult indeed to prove that the niata

cattle referred to by Darwin and the hornless breeds in some countries

alleged to be descended from pure-bred horned ancestors have been abso-

lutely free from a hornless cross.

It is the purpose of tliis paper to show that the existing and extinct

British breeds of hornless cattle may all be traced back to a Scandinavian

origin.

Breeds of hornless cattle are reported to have existed in the eighteenth

century in the following centres :—Suffolk, Yorkshire, Forfarshire, Aberdeen-

shire, Sutherland, Skye, Galloway, Somerset, Devon, and parts of Ireland.

A few hornless cattle were reported in other districts; but tlie smallness

of their numbers suggests that they were migrants from the above-named

centres.

Of the herds of so-called " wild " white cattle at least seven were

hornless at one time or another— viz. : at Oadzow in Lanarkshire, Ardrossan

in Ayrshire, Middleton and Whalley in Lancashire, Somerford in Cheshire,

WoUaton in Nottingham, and Gisburne in Yorkshire.

Leaving aside the " wild " herds, which will receive separate consideration

later, it will be noticed that the districts in which hornless cattle were recorded

are all maritime and situated directly upon the Norsemen's tracks—circum-

stances which at once suggest that these hornless cattle are of Scandinavian

origin.

To make this theory good, it will Ijave to be shown

—

(1) That these hornless breeds were originally of similar character, and

therefore presumably of common origin.
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(2) Tliat their arrival in the British Islands coincided with tliat of the

Norsemen.

(3) That cattle of similar character were taken to other parts of Europe

with which the Norsemen were associated.

(4) That at least traces of cattle of similar character are to be found in

Scandinavia.

Let us begin by collecting the available information as to the first of these

considerations :

—

Suffolli.—The Suffolk cattle used to be called "the Suffolk Duns."

Their original shade of colour, as may be inferred from a letter from

Sir Thomas Beevor in the Bath Society's " Letters and Papers,"' was what

is now called light dun among Highland cattle, a kind of steely or slaty

wliity-grey :
" The cows you saw were bred from the polled or horn-less Suffolk

dun-coloured' cows . . . by a Derbyshire black and white bull, given me by

my friend Lord Townshend. This mixture produced their uncommon colour

of mouse and white "—a colour which is the intermediate hybrid of light dun

and black, and whose only source is the crossing of these colours.^ In John

Kirby's "Suffolk Traveller," published in 1735, the Suffolk Dun is described

as having " a clean throat, with little dewlap, a snake head, thin and short

legs, the ribs springing well from the centre of the back, the carcase large,

the belly heavy, the back-bone ridged, the chine thin and hollow, the loin

narrow, the udder square, large, and loose, and creased when empty, the

milk veins remarkably large and rising in knotted puffs ; and this so general,

that I scarcely ever saw a famous milker that did not possess this point, a

general habit of leanness, hip-bones high and ill covered, and scarcely any

part of the carcase so formed and covered as to please an eye that is accus-

tomed to fat beasts of the finer breeds."'' Youatt (1834) writes :
—" The

Suffolk Dun used to be celebrated in almost every part of the kingdom, on

account of the extraordinary quantity of milk that she yielded. The dun

colour is now, however, . . . rarely seen in Suffolk. . . . The prevailing

and the best colours are red, red and white, brindled, and a yellowish cream

colour. The bull is valued if he is of a pure and unmingled red colour."'

The Suffolk Duns were crossed with other cattle, but chiefly with the Norfolk

' Vol. iii., second ed., 17S8, page 280.

' Since the above was written the following statement has heen found in Culley's " Observations
upon Live Stock," second ed., 1794, p. 66 : " The Sntfollis are almost all liglit dun.''

^ See Eoy. Dublin Soc. Proc, vol. xii.. No. viii., 1909 : " The Colours of Highland Cattle."
* Quoted from Youatt'a " Cattle," 1834, p. 174.
« Ibid., p. 175.

2b2
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red cattle which were horued. From this cross yellow' coloured polled cattle

were bom, and from subsequent crosses red polled cattle. By persistently

breeding from the red polled stock thus produced, the Suffolk breeders carried

their cattle through a yellow stage to the final red of the present day. At

the same time, by crossing with the hornless Suffolk Duns, the Norfolk horned

cattle lost their horns. The two breeds are now one.

Yorkshire.—The " Northern or Yorksliire Polled Cattle " never seem to

have occupied an extensive territory. Tuke, in his " Agriculture of the

North Eliding of Yorkshire," published in 1800, says that " Henry Peirse,

Esq., of Bedale, has a breed of very large hornless cattle," and he publishes a

drawing of a " polled Teeswater cow belonging to Richard Raisen, Bishop-

thorpe"; but the centre of the breed seems to have been in the East Riding,

most likely in Holderness. John Lawrence describes them in 1805' :

—

" These have the same qualities as the short-horned cattle, carrying vast

svxbstance, and some I have seen lately are of great size, although in that

particular they are most conveniently various. In my opinion, they are a

most excellent breed, and well merit improvement, with the view of labour,

by a selection of the finest-boned and most active individuals. From the

shape of these polled cattle, they hold a strict affinity in all respects with the

short-horned' amongst which they are found ; and it seems that various

breeds of cattle are attended with hornless but pefectly congenial varieties.

The above, for example, and the polled galloways of Scotland, of similar

shape and quality with the long horns, also the Devon uatts, or polled cattle

on the coast." In Strickland's "Agriculture of the East Riding of York-

shire," published in 1812, we are told that the "Original Holderness breed

... is distinctly marked by its colour, being variously blotched with large

well-defined patches of deep red or clear black, in some families of dun or

mouse-colour on a clean white ground ; they are never of a brindled or

mixed, and rarely of one uniform colour." Here again, as with Sir Thomas

Beevor's Suffolks, the dun colour is evidence of a light dun ancestry.

Another matter of importance, as will be seen when Aberdeenshire cattle are

dealt with, is Lawrence's statement that these Yorkshire cattle were "most

conveniently various " in size.

At tlie end of his cha;pter on polled cattle, and immediately after

referring to those of Yorkshire and Devon, Youatt* draws attention to

another point of some importance :
" Many breeders pay particular attention

1 See Eoy. Dublin Soc. Proc, vol. xii.. No. viii., 1909 : " The Colours of Highland Cattle."

2 ' General Treatise on Cattle," &c., p. 71. ^ i.e. of 1805.
* "Cattle," 1834, p. 179.



Wilson—Scandinavian Origin ofHornless Cattle of British Isles. 149

to tlie sliape of the head in these polled cattle, and, to a certain extent,

also, in the horned ones. If the crown of the head is fine like tliat of a

doe, and drawn almost to a point on tlie top, the breed is supposed to

be good."

Durham.—The legend goes tliat tlie monks who were carrying St. Cuth-

bert's body to its last resting-place set it down and coulel not raise it again.

" Whereupon they fasted and prayed three Days with great Devotion, to

know by Revelation from God, wliat to do with the holy Body, which was

soon granted to them, it being revealed to Eadmer, a virtuous man, that

lie was to be carried to Lunholnie, where he was to be received to a Place

of Rest. They were again in great Distress, in not knowing where Dun-

holme lay ; but as they proceeded, a Woman wanting her Cow, called

aloud to her Companion, to know if she had seen lier ? Who answered. She

was in Bunholme."^ The position of Dunholme being thus revealed,

St. Cuthbert's body was buried there ; and a figure of the cow was " carved

on the north-west corner turret of the Nine Altars or eastern chapel of the

cathedral about the year 1300.'"' Our present interest in this cow is that

she was reputed to have been dun :

—

" The dun cow's milk

Makes the prebend's wife go in silk."

Repute, however, may not be fact, especially in connexion with an

animal dead so many hundred years. But if the words of tlie rhyme

are not evidence that the original cow was dun, they are evidence that, when

they came into Yogue two or three centuries ago, there were dun cattle in

Durham. There were both dun and yellow cattle in Durham in the

eigbteentli century. About 1777, Mr. Hutchinson of Smeaton " possessed

himself of a large yellow cow with some white." Mr. Thomas Hutchinson

wrote of her in 1821 :
" She might have been descended (for anything I know

to Die contrary) from the old woman's propitious dun cow. . . . They were

nearly all of the same colour."^

And there is some presumption that the oiiginal figure of 1^00 was horn-

less. Having become broken and effaced, it was "restored" about 1778. The

restorers saw the original figure hornless ; but, believing that the horns had

1 Quoted in Bygale's " Cathedral Church of Diiiham," 1899, from Sanderson's "Antiquities of

Durham."
2 Bates's " Thomas Bates and the Kirklevington Shorthorns," 1897, p. 25.

^ Ibid., p. 45.
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been worn off by time, "the liorns were made tliis time of lead, lest she

should ever again be reduced to the condition of a polled beast.'" Grimm's

drawing of the original figure shows a hornless eow.-

The Diirliam Cow.

On the other hand. Dean Kitching informs us tliat " there is at the British

Museum a map of Durham City, a.d. 1594 [probably]. In the corner stands

the Dun Cow—with a pair of fine horns !

"

Tlie North-east of Scottcnut.—Although the evidence is fullest as regards

Forfarshire and Aberdeenshire, because these two counties took the

chief part in evolving the present Aberdeen-Angus breed, tliere is little

doubt but that hornless cattle have existed for centuries round the north-

east coast from Forfarshire to Morayshire, probably farther.

The earliest evidence of hornless cattle in the north-east of Scotland lias

not hitherto been seriously noticed ; but, in view of the other evidence

to be brought out in this paper, it may now be taken with confidence.

It consists of about a dozen stone slabs, bearing chiselled-out figures of

bulls, dug up on the shores of the Moray Firth, chiefly at Burghead

in Morayshire, which at one time was a Norse or Danish stronghold. The

surfaces of these stones are so worn down by time that the lines of the figures

cannot be followed easily by the naked eye, but they can still be brought

out by careful rubbings on paper. The difficulty has been to determine

whether the lines rising from the bulls' heads were meant to represent horns

or not; but a careful examination of a number of these rubbings shows that

Bates's " Thomas Bates and the Kirklevington Shorthorns," 1897, p. 45.

See Hutchinson's " History of Durham," 1785, vol. ii., p. 226.
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some of the bulls were lioruless. Fi-om tlie following illustration' of Burg-

head bulls, it will be seen at a glance tliat one of tlie bulls is horuloss, and

the other is homed.

Burglicad Bulls.

From the following illustratiou of a polled Angus o.'c copied from Youatt's

book,= it will be seeu liow difficult it would be to determine whether the lines

projecting from tlie ox's head are ears or horns, were tliey carved in stone

rather than drawn in pen-and-ink.

Angus Ox.

The evidence next in chronological order is to be found in a legal

document dated 1523, "Instrumentumsasine in favorem Johannis Cumying,"

in which it is recorded that tlie lands of Culter in Aberdeenshire passed from

one man's possession to another by the new owner receiving not the usual

token, namely a handful of earth and a stone, but "unum bovem nigrum

' Copied from " The Sculptured Stones of Scotland," plate xxiii., vol. ii.

* "Cattle," 1834, p. 168.
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hommyll appretiatum ad quadragintas solidos et octo denarios monete Scotie
"'

—a black liummle

—

i.e. humble or hornless—ox, valued at 40s. %d. Scots.

There is another gap till the middle of the eighteenth century, from

wliich time onwards the references to hornless cattle in the north-east of

Scotland occur with increasing frequency ; but as these are collected in

Macdonald and Sinclair's " History of Polled Aberdeen or Angus Cattle,"

all that need be said here is that these cattle were confined originally to the

lands near the coast, but as time went on, and especially after the opening up

of the southern trade in the eighteenth century and the increased demand for

hornless cattle, they crept farther and farther inland.

Youatt has several references to the colours of these North-Eastern cattle

during tlie time when the inland ones were passing from the horned to the

hornless condition, viz. :—Of the Forfarsliire horned cattle :
" The prevailing

colour is black, but witli more admixture of other tints : some have white

spots on the foreliead, and white on the flanks and belly. There are more

brindled cattle than in Aberdeen ; some are dark red, and others of a silver

yellow or dun. A few are black with white hairs intermixed ; and

occasionally a beast is seen that is altogether white, with the exception of a

few black hairs about the head."*

Of tlie Forfarshire hornless cattle :
" The greater part of them are black

or with a few white spots. Tlie next general colour is yellow, comprehending

the brindled, dark red, and silver-coloured yellow."^

The colour of the Aberdeenshire horned cattle "is usually black, but

sometimes brindled."* Many were dun within the memory of living men.

Of the " Buchan cattle," that is the cattle on the Aberdeenshire coast,

" the best sort used to be polled, and some of them that do not begin to have

the Ayrshire blood in them, are so still, and are of a dark or brown colour."*

Macdonald and Sinclair write :
" Formerly, both in Angus and

Aberdeen, the breed embraced a variety of colours as well as difference in

size. Black, witli some white spots on the underline, was the prevailing

colour. Some were brindled—dark-red and black stripes alternately ; others

were red ; others brown ; and a few what Youatt called ' silver-coloured

yellow.'"'

The following statement, apparently about a century old, is made with

regard to the cattle in the parisli of Eathven in Banffshire :
—

" Dealers who

purchase the cattle for the south are somewhat particular with regard to

• See "The Spalding Club's CoUectious for a History of the Shires of Aberdeen and Bnnff,"

vol. iii., p. 344.

2 " Cattle," 1834 ed., p. 114. '^ IhkL,-^.!^'!. *IHil., p. 106. ' Ihid., ^. \Q~i.

« " History of Polled Aberdeen or Angus Cuttle," 1882, p. 76.
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what they call points of form and colour. Tliese points are short legs, a

fair proportioned round body, straight along the back, and, in their tliird

year, a long, slender white horn tipped towards the point with black. The
favourite colour is pure black. The brindled ranks next in esteem, and the

dun is not disliked. Pure wliite or streaked are counted inferior. "i

Note the presence of the two colours yellow and dun among these north-

eastern cattle as among those of Suffolk and Yorkshire. Here again we have

cattle descended from light dun ancestors.

From a statement printed in Messrs. Macdonald and Sinclair's book,^ and

communicated to them by Mr. William Forbes, an East Aberdeenshire

farmer, we may gather some further particulars as to the early character of

tlie cattle on the east coast of Aberdeensliire ; and Mendelian students may
see how size is affected when a small breed is crossed by a large. There is a

system of cattle-breeding well known in America at the present day, and

widely practised at one time in tlie British Islands, called grading. For

instance, the Americans put Shortliorn bulls to what are called "native"

cattle again and again in succeeding generations, and, by this process, the

native cattle eventually become Shorthorns. By the continued use of Long-

horn bulls the old native cattle of Ireland were made Longhorns in the

eighteenth century. In the same way the cattle of the nortii-east of

Scotland were changed in some of their characters. The process was begun

in the eighteenth century and continued well into the nineteenth : tlie breeds

used having been Longhorns and other large English cattle, Fifesliires, and,

latterly, Shorthorns. Mr. Forbes's statement is as follows :
—" The cattle in

Buchan about half a century ago and earlier might be said to have consisted

of horned and polled black cattle in about equal proportions. The polled

cattle were of two classes, one large and another small. I knew tlie smaller

kind well. They were rather puny creatures, always thin in flesh, and very

badly used. They were pre-eminently the crofter's cow, as they were able

to live through the winter on the straw of oats and here, if necessary. Of the

larger portion of the cattle, about one-half were jet black, excepting the

uddei', which was usually white, and often the whole underline was white.

They could not stand starvation so well as the small polls, but witli better

treatment they gave a heavier yield of milk. When creamed, however,

their milk was thinner than that from the small cows. A considerable

portion of the cattle were large-sized, well-fleshed, brindled polls ; and these

were the finest-looking animals in Buchan. When well fed, they had a

' See an article on "Aberdeenshire Horned Cattle," by Mr. James E. Barclaj', in the

"Transactions of the Highland and Agricultural Society of Scotland," for 1906, p. 204.

- "History of Polled Aberdeen or Angus Cattle," 1882, p. 72.

SCIENT, PEOC. R.D.S., VOL. XH., NO. XV. 2o



154 Scientific Proceedings, Roi/al Dublin Society.

short, glossy coat of hair ; some were good milkers, but some went to flesh

and fat instead of milk. A few were of a dull red colour, but they were not

so higli in favour as the brindled cattle. The polled cattle were the dairy

stock. The butter they produced was fine in summer and autumn, but

hard and white in winter. The establishing of a beef trade with England,

and the introduction of Shorthorn bulls and turnip husbandry, opened up a

new era for Buchan. The native cattle fattened well, and money was

made by doing so. Shorthorn bulls were introduced and put to all kinds

of cows. Often when a Shorthorn bull was mated with a small polled cow,

the produce was a black poll of the finest character—immensely superior to

either of the parents. When a heifer of this stamp was again put to a

good Shorthorn bull, the result was quite as fine a black poll, of still larger

size. If the produce were also a heifer, and mated with a pure Shortlioru

bull, the produce was still a poll, yet larger in size, but bluish-grey in

colour. If a heifer again, and put to a Shorthorn bull, the produce was

once more a grey poll, probably lighter in colour. When this form of

crossing was continued further. Shorthorn colours appeared, sometimes with

scurs, but ofteuer with the regular short horns of the male parent. I

observed this expei-iment tried in several cases, with exactly the same

result. With the larger polls with white underlines, the horns and colour

of the shorthorn bull were earlier transmitted to the produce, generally at

the second or third crosses. I therefore look upon the small polls without

white spots as the pure original Buchan Humlie."

The points of immediate importance in Mr. Forbes's statement are that

the original East Aberdeenshire hornless cattle were small, puny, thin-fleshed

dairy cattle, whose milk, so far as the fat was concerned, was apparently

similar in character to that of the modern Jersej'. These cattle were crossed

by larger cattle from the south, and eventually lost nearly every character

tiiey possessed excepting their hornlessness ; or, it might be put the other

way : that the intruding cattle retained tlie characters they brought with

them excepting their iiorns, which they lost by crossing with the Buchan

Humlies.

Sutherlanckldre.—It is onlj^ from almost a chance remark of Pennant's

that we know of the existence of hornless cattle in the northern counties.

He states' that " Sutherland is a county abounding in cattle, and sends out

aunuallj'- about 2500 head, which sold about this time (lean) from 21. 10s.

to 3/. per head. These are very frequently without horns, and both they and

the horses are very small."

Yet the probability is that there were hornless cattle round the northern

1 " Tour in Scotland," 3rd edition, 1774, p. 170.
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coasts just as in Aberdeenshire, and that they occupied even a considerable

area in Caitliness. What were called the " native " cattle there bear a strong

resemblance to those of the Aberdeenshire coast. " Sir John Sinclair had a

large property in Caithness : he observed and lamented, and materially

suffered by, this wretched state of the cattle, and tiiought of many plans for

their improvement. He first tried what he could do by crossing the native

breed. The chest was small, and the ribs flat, and the back thin ; there was

not room for the heart to beat, nor the lungs to play."' Again :
" Oxen are

yet used in Caithness for husbandry work. The native breed has neither

sufficient substance nor spirit ; the Galloways are heavier but slow, and do

not thrive well in Caithness, and, on the whole, the Highlanders are the

best working oxen."^ " The native breed of Sutherland is much smaller than

that of Caithness."^ In Eoss and Cromarty, " The cattle which are kept in

the lowlands are principally for the dairy, and they are a mixed breed. There

are many pure West Highlanders, but not so small as the common breed of

cattle in the counties further north, but there are more of the native cattle,

with various degrees of crossing ; and others have the Fife and the Moray,

and crosses of every kind with them."^

Thus, in the northern counties, just as in Aberdeenshire, the small cattle

were being " graded " by cattle from the south ; and although we have no

information as to their horns, excepting in Sutherlandshiro, the descriptions

just quoted bear a strong resemblance to those of the cattle on the Aberdeen-

shire coast. As to their colour, only one definite statement can be found, viz.,

the Eoss-shire breed " are of all colours, but black and brindle predominate,

and are the favourites, as indicating most constitution."'

Shje.—For the information that there were hornless cattle in Skye, we are

indebted to no less a person than Dr. Samuel Johnson :
" The cattle of Sky are

not so small as is commonly believed. ... Of their black cattle, some are without

horns, called by the Scots humble cows, as we call a bee an humble bee that

wants a sting. Whether this difference be speoifiek, or accidental, though

we inquired with great diligence, we could not be informed. We are not

very sure that the bull is ever without horns ; though we have been told that

such bulls there are. What is produced by putting a horned and unhorned

male and female together, no man has ever tried that thought the result

worthy of observation.""

There is no record in which the colours of the older cattle of Skye are

specially mentioned ; but they may be inferred from those of the cattle on

' Touatt, p. 88. = Ibid., p. 90. ^ Ibid., p. 93. * Ibid., p. 95.

^ Ibid., p. 97. Thia statement was made to Youatt by Mr. MacKenzie of Millbauk near

Dingwall.

^ " The Works of Samuel Johnson, " Dublin, 1793, vol. iv., p. 479.
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the mainland opposite and on the neighbouring islands. Low writes that

the colour of the West Highland cattle " is various, often black, sometimes

brown, or a mixture of brown or black, and often mouse- dun ; and

Macgillivray, in his " Report on the Present State of the Outer Hebrides,"

publislied in 1831, writes that " the most common colours are black, red,

brown or brandered, that is, a mixture of red and brown in stripes.^ A
wliitish dun colour is also pretty frequently seen."- An examination of

the " Highland Herd-Book " shows that there is an unusually high proportion

of dun-coloured cattle among the early entries from the smaller islands lying

to the south of Skye.

Galloway.—Excepting that tliey have lost more territory to the Shorthorn

—to the Ayrshire branch—^the cattle of the south-eastern counties of

Scotland—Dumfries, Kirkcudbright, Wigtown, and Ayr—have run a course

closely parallel to that run by the cattle of the north-east. They have been

longer hornless, however, by reason of their feeling and responding sooner to

the English demand. They were hornless even in OuUey's time, although

he notes the presence of scurs—a phenomenon not yet entirely eliminated

from hornless breeds—and erroneously calls them horns :
" Their most

essential difference from every other breed is in having no horns at all ; some

few indeed (in every other respect polls) have two little unmeaning horns,

from two to four inches long, hanging down loose from tiie same parts

that other cattle's horns grow, and are joined to the head by a little loose

skin and flesh."' But In the middle of the elghteentli century, according to

Youatt, " the greater part of tiie Galloway cattle were horned—they were

middle horns ; but some of them were polled."* Half a century ago there

were several herds of polled Ayrshires. The Gralloways of to-day are

nearly all black, but a few are dun. Youatt wrote that " the prevailing

and fashionable colour is black—a few are of a dark brindled brown, and still

fewer are speckled with white spots ; and some of them are of a dun or drab

colour, perhaps acquired from a cross with the Suffolk breed of cattle."' Here

again we have proof of a light dun ancestry.

Somerset and Devon.—The polled cattle of these counties are long exLlnct

and little is known of them. Low writes of "tlie Sheeted Breed of Somerset.

It has existed in tlie same parts of England from time immemorial. The

red colour of the hair has a slight yellow tinge, and the white colour passes

like a sheet over the body. The individuals are sometimes horned, but more

' " Domesticated Animals," 1845, p. 300.

' " Prize Essays and Transactions of the Highland Societj' of Scotland," 1831, p. 263.

' " Observations on Live Stock," second ed., 1794, p. 60.

* Youatt's "Cattle," p. 164. ^ Ibid., p. 157.
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frequently they are hornless.'" The Devonshire hornless breed was found

about Barnstaple, at one time a Danish settlement, on the northern coast.

Touatt writes that " the DevonsJiire Natts, or polled cattle, now rapidly

decreasing in number, possess tlie general figure and most of the good

qualities of the horned beasts of that district,'" which were the North

Devon breed. Lawrence also calls tliem " the Devon natts, or polled cattle

on the coast," and writes, " They were described to me as coloured, middle-

sized, thick-set, and apt to make fat, but coarser than the true-bred Devons."^

Tlieir colour is not recorded ; but in a letter on the cattle of South Devon in

the "Animals of Agriculture," 1792,* Paul Treby Treby mentions botli yellow

and hornless cattle. At the same time he and other writers mention the

importation of cattle from Normandy and the Channel Islands ; and it is not

altogether impossible that both the yellow colour and the hornlessness may
have been introduced by these cattle. A quotation from Treby might be

made :
—" There are also some of a yellow colour ; these are going out fast,

being apt to steed [a provincial word for diarrhoea] : therefore are much less

sought after, and sell at a less price . . . The late Lord Boriugdon brouglit

into this parish [Plympton St. Mary] a great variety of bulls : some turned

out well, others as bad ; nevertheless, with Gruernsey and Jersey cows, and

the ugly breed of blacks that (I believe) were here originally, they have

contributed to produce the most motley lierd, with and without horns, any

country can boast of—I should be ashamed of."

Ireland.—Ireland has also a hornless breed of cattle— the Maoiles, Moyles,

Mulliues, and so on, which, unless some fortuitous change of taste intervene,

seems destined to become extinct Only a few beasts are found liere and there

in the south-west, the midlands, and in some parts of the north, and there are

only one or two small herds of animals picked up by owners wlio wish to keep

the breed alive. They are usually full-sized cattle; and Major Fox, of

Harmony Hall, near A thlone, who has a herd of them, writes that " the MviUine

cattle are never black, always yellow, or what one should call light haij ; but some

of my cows are yellow and white-piebald .... I have seen brindled Mullines

;

and I had a steel-grey Mulline myself ; but I regarded lier as a hybrid—more

of a roan Shorthorn than a Mulline."" Others who have known these horn-

less cattle mention red, yellow, dun, and brindle as their common colours.

They are generally good milkers, and frequently short-legged and sickle-

hocked. Low writes that the polled Irish breed " has existed in Ireland for

an unknown period, and appears to have been once widely diffused. It is

' " Domesticated Animals," p. 350. 2 n Cattle," p. 179.

3 " General Treatise on Cattle, &c.," 1805, p. 45. * Vol. xvii., p, 304.

^ In letters to the writer of this paper.
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now scattered throughout the country, but is found only in some numbers in

tlie vale of tlie Sliaunou. Tlie cattle are of a liglit brownish colour, and

destitute of horns, on wliich account tliey have been supposed to resemble the

Suffolk Duns. But tliey are superior in size to the Suffolk duns, equalling,

in this respect, tlie larger class of shorthorns."'

From tlie description quoted it will be seen tliat all tliese cattle, living

chiefly in isolated pockets round the coasts of Britain till, at any rate,

the eighteenth century, resembled each other in at least three important

characters, viz. :

—

(«) They were liornless.

[b] Tliey were either light dun or yellow or dun, which showed that

tbeir more remote ancestors had been light dun : yellow having

been got by crossing with red cattle, and dun by crossing with black.

(c) They were small, puny, short-legged, sickle-hocked, narrow-cliined,

thin-fleshed, long-headed cattle, which were usually esteemed for

the dairy. Those in Yorkshire and Ireland were the only excep-

tions ill size ; but the cattle in both those districts had long been

crossed by larger and fleshier breeds of cattle.

And from these circumstances, as well as from the fact that they differed

entirely in the first two, if not also in the third, from other British cattle,

we can scarcely conclude otlierwise than that tliey were all of the one race.

The date of the arrival of these hornless cattle in Britain can be fixed with

approximate accuracy. The absence of hornless remains of Eoman and

Saxon age^ in the districts inhabited by hornless cattle, and the maritime

position of tlie hornless cattle, show that, if they were brought in by the

Anglo-Saxons, it must have been at the close of their invasion ; while the

absence of any record or sign of tlie importation of hornless cattle since the

Norman Conquest places their arrival in England before 1066. It is possible

they may have been brouglit to Scotland at a later date. The Burghead

carvings suggest for their arrival in Morayshire a date falling within the

period of the Danish and Norse invasions ; and by the discovery of a number

of hornless skulls in a craiinoge near Dunshauglilin, about seventeen miles

north-west from Dublin—also a Danish centre—their arrival in Ireland

can be shown to have coincided with the Norse invasions. Hornless cattle

could not have been imported to Ireland from England till very late in

Anglo-Saxon times, for there were none to import ; and, since Sir William

' " Domesticated Animals," p. 327.

- See M":Kenny Hughes's Papei-, " On the more important Breeds of Cattle which have been

recognized in the British Isles in successive periods," published in Aichaologia, vol. It., pp. 125-

158, 1896.
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Wilde was able to " fix the range of date of that [Dunshaughlin] craunoge

and its osseous contents, viz., from a.ik 848 to a.d. 933,"' their arrival in

Ireland may be fixed approximately at the uintli century. The Danes

made their first appearance in Ireland at Lambay Island, about fifteen

miles north-east from Dublin and twenty miles east from Dunshaughlin,

in the year 795.- The Battle of Clontarf was fought in 1014.

We have next to sliow that cattle like those round the British coasts

have been found in otlier countries wliere tlie Norsemen settled. We are

handicapped by an imperfect knowledge of the cattle of tliose otiier

countries; but, nevertheless, the likeness of a few cau be sliown. Perliaps

the most interesting case is the discovery of skulls like those found at

Dunshauglilin in some eartheu mounds [terpen] in Friesland and Grouingen

in Nortli Holland. The likeness between tlie Dutch and Irish skulls will

be seen by a glance at the accompanying illustrations.

Irish hornless skull. Dutch hornless skull.

In dealing with the Dutch skulls in an article in CuUura for 1908,

the magazine of the old students of Wageningen in Holland, Professor

Broekema points out that some Scandinavian bracelets and cloak-pins were

found in the same mounds. The first of a number of attacks on the

Frisian coast was made by the Norsemen in 799.'

Professor Broekema, who also points out that hornless cattle occur very

rarely in Holland at the present day, inclines to the view that they belong to the

hornless race of " Scandinavia and the adjacent parts of Northern Europe."

' Roy. Irish Acad. Proc, vol. vii., 1862, p. 68.

' Keary's " Vikings in Western Christendom,'' 1891, p. 486,
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The other places in wliieh Norsemen settled, and in which cattle bearing

a resemblance to the hornless cattle of the British coasts live or lived till

recently, are Normandy and the Channel Islands, Orkney, Shetland, and

Iceland. The Norman and Channel Islands cattle are identified by their

shape and by the presence of the two colonrs silver grey and yellow ; those

in Orkney and Shetland by shape and the dun colour; while those in Iceland

were identified by shape and the absence of horns. A former student' under the

writer of this paper connected with the Orkneys has acquired the information

that in the middle of last century there were many dun cattle in Orkney and

Shetland, but especially in Shetland ; and the writer saw dun Orkney or

Shetland cattle in Aberdeen not many years ago. Low is quite clear that

the cattle of Shetland are of Norwegian origin ; but unfortunately he gives

them horns. They " are distinctly Norwegian in their characters, and a

similar race extends to Iceland. Tiiey are small, but of very good form

when pure, and fatten with great quickness, when carried to superior pastures.

Their horns are short, their skin is soft, and their flesh is equal to that of

any cattle produced in the British Islands. They are of various colours,

generally parti-coloured, and tending more to the lighter shades than the

cattle of the Highlands. . . . The cows are tolerably good milkers, in which

respect they agree with the cattle of Norway, and differ from those of the

Highlands ; and in this respect, too, they agree with the cattle of Jersey and

the islands of the Channel, which are likewise believed to be of Norwegian

origin. These cattle are smaller than those of Norway, which is to be

asoilbed partly to the absence of shelter, and partly to the want of artificial

food."^

With regard to these old Orkney and Shetland cattle, it is safe to say,

although there is no other evidence, that their shape and size, together with

the presence of dun, show them to have been of the same race as the cattle

of the British coasts, and therefore at one time hornless. With regard to

Iceland, Uno von Troil writes in 1780 :
" Their beeves are not large, but very

fat and good. It has been reported by some, though without foundation,

that there are none without horns : it is true, however, that they seldom have

aiiy."^ The Norsemen settled in Iceland about the time they settled in

Britain. " Are Frode, born 1068, . . . expressly says, in the first chapter of

the book (Landvama Bok) that Iceland was settled by the Norwegians in

the time of Alfred, King of England, and of Edward, his son."^

' Mr. R. J. Anderson, of Messrs. Eeith and Anderson, Aberdeen.

- " Domesticiited Animals," p. 297.
s " Letters on Iceland," 1780, p. 132. ^ Ibid., p. 60.
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Tliere are small bunches of hornless cattle here and there in other parts

of Europe, but, according to Wilckens, " they are found chiefly in Northern

Europe, in North Russia, Einnland, Lappland, Sweden, Jemtland, Norway,

and Iceland, settled by the Norsemen in 874 a.d."' Wilckens adds, erroneously,

tliat " in these places they are invariably white." Some of them may be so :

the Fjall race of Sweden, for instance, seems now to be white ; but the

quotations which follow show that others are not wlute. It is impossible to

give a general description of these hornless cattle of Northern Europe ; but

a few quotations from letters kindly sent by correspondents in Scandinavia

will show that many of the cattle in that part of the world are extraordinarily

like those that liave already been described as existing now or formerly in

the British Islands.

Professor Isaachsen, of Aas, Norway :—" As to our cattle up to the year

1600, we know very little. But in those days, like in ours, there were several

distinct breeds in our country, and probably they have not changed tlieir

characteristics very much. Especially in the western and south-western

parts of Norway, the so-called " Vestland," from which part of tlie country

the first settlers ai-e supposed to have come to your country, the breed is

partly horned, partly polled, about half of the animals being polled, I

think. The colour of the breed is either black, dun, red, or grey, whole-

coloured, or with small or large white marks and sjjots.

"In the south-eastern parts of Norway, especially in Akershus and

Smaalenene (two " amter "-sliires), the indigenous breed is constantly red and

polled (Det rode pollede Ostlandsfae—the red polled breed).

" In Esterdalen and Grudbrandsdalen, the two large eastern valleys of

tlie country, the native breed is black or dun, in some cases red, most of tlie

individuals being horned : only a few are polled.

" The breed in the western parts of Norway we suppose to be the most

ancient or one of the most ancient in our country."

Professor Maar, of Copenhagen :
" Mr, Morkeberg- thinks that most of

the Danish cattle in early times were horned, but that hornless cattle may
have been found, not in Jutland, however. I shall add the remark that

small dun-coloured cattle are still—though seldom—found in the Danish

isles, and sometimes are supposed to be the original Danish cattle. I

suppose that by dun-coloured you mean cattle with black or grey hairs or

black and grey hairs mixed thoroughly up with white hairs."

Professor Eedluud, of Stockholm, says that the Swedish hornless cattle—

the mountain or fell race [Fjall rasen]—are undoubtedly the original Swedisli

1 Grundziige der NalurgescMclite der Haiistiere, 1905, p. 308.
^ i.e. Staats Oonsulent Morkeberg.
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cattle, and that this is proved by the finding of hornless skulls in Scania, and

by the occurrence of a hornless, whity-grey " Risinge-race " in Ostergotland

[East Grothlaud] in the eighteeutli century. This breed has a lengthened

hornless head and short crook-hocked legs. It is now white, with small black

The following description and illustration of a cow of the Fjall race are

taken from Sundbixrg's "Sweden: its Population and its Industries," published

in 1904 :—" The history of cattle in our country presents a good many

Swedish Fjall Cow.

vicissitudes. The Law of XJppland, a.d. 1296, describes Swedish cattle a&

being small, hornless, white or whitish-grey, often with dark spots. The

Alpine breed in Northern Sweden is so still—a race we have every reason to

consider as being the oldest in the country. But at an early day there came

into the country—probably from tlie east—a larger honied race of cattle,

reddish-yellow in colour, which towards the north more and more invaded

the districts of the older race. This race has by degrees been crossed with

and in many places replaced by purely foreign breeds ; but it long survived

typically in the forest districts of Smaland, and it is still found in the Island

of Gothland."

In collecting data for this paper, several authors were found wlio, more or

less tentatively, suggested a racial connexion between the hornless cattle of

Britain and those of the Continent. Middendorfl maintains that the hornless

cattle of the ancient Scythians, referred to by Herodotus, migrated north-

wards with their owners through Russia to Finland, from thence to
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Scandiuavia, and tlien to Britain. He presumes their arrival in Britain

at a date, however, which is far too early :
" In Great Britain, the

hornless cattle were driven to the extreme north among the Scottish

mountains in company with the Kelts fleeing before the Eomans and the

Anglo-Saxons."^

Mr. Henry F. Euren, who has written a history of the English red

polled breed, suggests that the old Suffolk cattle were descended from

Scythian stock.-

It has not been possible to see a copy of Arenander's paper on the

lioruless cattle of Northern Europe.

There are several other questions connected with the present subject that

might be referred to shortly. It was pointed out early in tliis Paper that

several of the " wild " white herds in Britain are or were hornless. Are these

of the same race as the hornless cattle of Scandinavian origin ? For the

present that question will have to remain unanswered. If they are of the same

race, then their colour has been changed. This could have happened in only

a few generations by crossing with white horned cattle, while, at the same time,

the hornless character could have been retained. But it would be somewhat

extraordinary if all the hornless herds had changed their colour. It is also

possible that the " wild " white hornless herds were once horned and lost

their horns by crossing with hornless cattle.

A statement by Professor Cossar Ewart, in the article " Cattle" in the

" Standard Cyclopgedia of Agriculture," to the effect that he has found

hornless cattle-skulls in tlie Eoman fort at Newstead in Berwickshire,

suggests that the Eomans may have brought hornless as well as horned cattle

to Britain: both being of the South European white race. This would mean

tliat two sets of hornless cattle came to Britain : one, the light-dun set by

the northern, and the other, the white set, by the southern route. That

suggests the further question : Where did these two sets of liornless cattle

come from originally, and where did they split partnership ? Did they split

somewhere in tlie south-east of Europe? and, tracing it backwards, does their

track lead through Asia Minor, down through Syria, and across the Isthmus

of Suez into Egypt ? Or were the Egyptian hornless cattle merely another

branch of a race having its origin in Asia ? and should the track strike

eastwards from Asia Minor ? According to Keller,' from whom the follow-

ing illustration is copied, there were hornless cattle in Egypt as early as the

fourth and fifth dynasties.

1 " Landwirtschaftsliche Jahrbucher," vol. xvii., 1888, pp. 299 and 300.

- "Wallace's " Live Stock."

3 " Katurgeschiclite der Haustiere," 1905, p. 115.
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The presence of scurs among liornless cattle has already been referred

to. These are mere loose epidermal growths, sometimes an inoli or two

Old Egyptian hornless Cattle.

long attached to the skin where the liorns ought to be. But, tliough the

skull is often full and square in the animal with scurs, there is no developed

core or bony outgrowth beneath the sours. Scurs are fairly common among

tlie Irish Maoiles, but tliey have been almost entirely bred out among the other

hornless breeds. In a mixed herd of horned and hornless cattle where sours

are common this bony outgrowth is used to tell whether tlie calves are going

to have horns or not. Those with fixed immovable outgrowths will liave

horns ; those witli slack movable scurs will have none. These phenomena

raise a series of questions wliich of course we cannot decide: What are

scurs ? What are tlieir functions ? They occur independently of horns.

Have they any bearing upon the origin of horns or upon the origin of

hornlessness ? Did the growtli of the bone of the horn at one time cause

a sympatlietic, perhaps concomitant, growth of epidermal born ? or are

the scurs merely a legacy left by the horned upon the hornless cattle they

crossed, and do they appear because tlie epidermis is willing to perform

its part while the bone below refuses ?
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In February, 1908, I gave an account of a scab(l) of the potato-tuber which

I had found to be very prevalent in the west of Ireland. I have had tubers

similarly diseased from other parts of Ireland, as well as from England and

Scotland. The scab is due to a slime-fungus, described in part and named by

Brunchorst (2) in 1886 as Spongospora Solani. In the paper mentioned, and

an earlier one, (3j I sought to fill in certain gaps in the life-history of the

fungus, more especially in reference to its relation to the host, its

Plasmodium, the structure and germination of the spores. I sent samples

of scabby tubers to Kew for the Museum, and, in acknowledging them,

Colonel Prain, the Director of the Grardens, replied :

—

" Kew, Febniarij 17th, 1908.

" Very many thanks for the specimen of Spongospora Solani of

Brunchorst. We are inclined to think that it is the same fungus as

was described in the first instance by Berkeley as Tuhurcinia Scabies, and

afterwards transferred to Sorosporium as S. Scabies by Fischer de Waldheim

;

Fischer's name has been taken up by Saccardo and by Massee. I am
sending you a fragment of the type which is in this Herbarium. As you

have been at work on the Spongos^jora, you will be able to say straight away

whether the two are the same or are different."

Massee had already (Gardeners' Chronicle) stated that the new scab was

nothing but the scab described by Berkeley fifty years ago, and in 1904, the

year in which I first saw and described the scab, he gave in the Journal of

the Royal Horticultural Soctety (4) a short account of the scab as the smut

' "Woimd-cork is such a frequent and marked feature of ordinary scab that I prefer the term

"powdery " to " corky" scab, the name I suggested in my earlier paper.
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Sorosporium Scabies. Fearing that I had made a serious mistake, a,nd

identified as a slime-fungus an organism which was regarded by Massee and

earlier observers as a smut, I restored the scrap of type-material and examined

it, to find that it agreed in all respects with my material, that it showed no

trace of any Ustilagineous characters, and that it was identical with the

slime-fungus Spongospora Solani. I wrote to Kew to tliis effect, and inserted

the following paragraph at the end of my paper :

—

"Through the kindness of Colonel Prain, f.r.s., the Director of the

Royal Botanic Gardens, Kew, I have been able to compare type-herbarium

material of Sorosporium Scabies (Berk.), Fischer de Wald., with Spongospora

Solani, Brunch. I can see no difference in size or structure of tlie spore-

balls of the two, and believe microscopic examination of restored material will

show that Sorosporium Scabies, with its ' glomerulis 1-2 lacunosis,' should be

removed from the Ustilaginese— that it is really Spongospora Solani."

Massee evidently accepted my view, since a few months later, under the

heading " English Potato Scab," it is stated in the Journal of the Board

of Agriculture (England), vol. xv., p. 509, that " in 1886 Brunehorst described

a destructive organism on potatoe.? as Spongo.spora Solani, Brunch., and this

species was in reality the pest previously named by Berkeley, although

not recognized as such by Brunehorst." My recognition of the identity is

ignored, and the name proposed is Spongospora Scabies, Massee.

Under this name the "Corky-scab," as I liad named it, is described in

detail in the November number (5) of the Journal (vol. xv., p. 592) with a

plate of illustrations. To this paper I shall return.

Berkeley's (6) first account of the scab is illustrated by two small figures of

the spore-ball of the fungus, each with a short stalk of attachment. Was

there anything to account for these stalks ? The spore-balls appear to me

to lie free in the cavities of the cells, and to show no trace of a stalk. The

shrivelled remains of the host- cell cling to the ball sometimes, and might be

mistaken for a stalk. It is clear that Berkeley gave little attention to this

scab, as he was fully occupied with the " murrain." Thus, in the article on

the murrain, he writes (p. 33) :
" Amongst the diseases noticed by Martins is

one which he considers as depending on a species of Protomyees. As I

have seen this iu various stages of growth, and attached to its flocci, I have

thought it worth figuring. It appears to me to belong to the genus

Tuburcinia, Fr. The spores have usually one or more cavities in the surface

communicating with the interior cavity. They piay, perhaps, therefore be

considered rather compound bodies, consisting of a quantity of cells arranged

in the form of a hollow ball. This view of their structure requires more

attention than I am able to give to it at present . . .
." (p. 10). "Another
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disease, arising from a very different fungus, is frequent, especially in

calcareous districts, and is known commonly by the name of the scab, the

surface of the potato being covered with pustules, which at length become cup-

shaped, and are powdered within with an olive-yellow meal, consisting of the

spores of a fungus. This also has been partially investigated by Martins, who

has illustrated his observations with some characteristic figures."

In another article, entitled "On a form of Scab in Potatoes" (King's Cliff,

Nov. 1847), Berkeley writes, " There are two very different diseases known

commonly under the name of scab." (His article deals mainly with what we

still call, without understanding its cause, " common scab.") " The first, of

which it is not now my intention to treat, was described and figured by

Martius [Die Kartoffel-Epidemie, p. 23, tab. 2, figs. 9-13; tab. 3, figs. 36-38),

and is characterized by the presence of an olive-green or brownish pulverulent

Hypliomycete {Tuburcinia Scabies, Berk., Journal Royal Horticultural Society,

London, 1846, vol. i., p. 33, tab. 4, figs. 30, 31), which gives a very peculiar

appearance to the pustules, and to which indeed it is not confined, but

occasionally forms a stratum a line or more in thickness beneath the greater

portion of the cuticle. A few scattered tubers occur now and then affected

by this disease, but it is very rarely so prevalent as to draw much attention.

The potato crops, however, suffered greatly from its ravages in the Scilly

Islands and in Cornwall during the present summer, where it appeared under

a very destructive form. Mature si^ecimens were forwarded to me, with the

promise at some future period of a supply of tubers in every stage of the

disease. I was, however, disappointed in my hope of being enabled to

investigate its nature more closely, possibly because the malady, as Martius

reports, is several weeks in going through its phases." Again, in the Annals

and Magazine of Natural History (7), under "Notices of British Fungi" by

Berkeley and Broome, our scab appears as Tubercinia Scabies, Berk. ;
" Sporis

globosis cavis liic illic laouuosis olivaceis" (Berk., Journ. Hort. Soc, vol. i., t. 4,

figs. 30, 31). Bliizosporium Solani, Rab., No. 900. On potatoes: very common:

often confounded with the true potato scab.

" The spores of this species are very curious ; they are composed of minute

cells, forming together a hollow globe with one or more lacunae communicating

with the external air. A hollow shell with one or two apertures will give a

notion of their form. They are generally attached laterally by a delicate

thread."

This interpretation of the scab is repeated by M. C. Cooke in " Micro-

scopic Fungi "
(p. 231), where the scab is called " Potato Smut." Plowright

includes the scab in the Ustilaginese in his work on " Uredineae and Ustila-

ginese," but states that he has never seen the organism, and can find no trace

of it in his specimens from Cooke's Exsiocati.
2e2
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Writing in 1877, A. Fischer de Waldlieim (8) had, without assigning

reasons in detail, placed T. Scabies in the genus Sorospormm as *S. Scabies,

retaining it amongst the JJstilaginece. Saccardo adopts this view, as did

It is, I think, evident that mycologists generally accepted the views

expressed by Berkeley, who had, as the quotations I have made show, not

found time to give much attention to the disease, and relied mainly on

Martius's work, though he clearly regarded the fungus as a Hyphomycete.

Martius (9) wrote in 1842 his article, Bie Kavtoffel-Epidemie. The

article deals in detail with two potato troubles
—

" Stockfaule," due to

Fmisporium Soiani, and suggestive of Fusarium dry-rot of to-day, and
" Kartofiel-raude " or scab, the subject of this paper. Martius gives an

excellent account of the early stages and external appearance of the scab, and

of the injurious effect of the disease on the tubers. The tubers, he states,

become unsightly, in pronounced cases have a disagreeable taste, often keep

badly in store, and as seed-tubers may fail to sprout, or give shoots which are

weak and in the end fall off'. Had his valuable article been translated,

digested, and more generally acted on, the benefit to the potato-crop of

Britain would have been great. His explanation of the origin of the spore-

balls is vitiated by his belief in spontaneous generation. He fully appreciates

the important influence of predisposing causes, but states that, owing to

unfavourable conditions, the organic juice or sap of the tuber undergoes

degeneration, and this so altered juice becomes converted into an "Urpilz"

—

hisProtomyces—from which the "grains" (spore-balls) arise. He is, he says,

further gradually coming to the conclusion that the view that disease is

transmitted by means of a myasmic effluvium from a diseased to a healthy

organism, is untenable, that a solid body is necessary for infecting purposes,

thougli in such a case as scab the low organism responsible can, he thinks,

arise cle novo. The first account of the scab fungus is, however, given by

Wallroth (10) in Linncea (vol. xvi., 1842). Wallroth states he has long

known the disease which was then so frequently mentioned in agricultural

papers, and he gives the following diagnosis :

—

" Eri/sibe subterranea, a. Ttiberum Soiani ttiberosi. Sporis subrotundis

maximis obscure cellulosis tenuissimis, primum flavicantibus dein fusco-

virescentibus sub summa tuberum subterranearum vegetorum epidermide

livescente macularl dein coUiculosa lacero-fissa grumulos ovato-subrotuudos

hemisphsericos immerses polysporos iisque effoetis scrobiculos superficiales

nudos prsBstautibus."

Martius saw Wallroth's preparations and description, and agreed with

him as to the nature of the organism. Martius transfers the fungus, however,

to Pruioijii/ces Tuberum Soiani Tuberosi, and gives an amended diagnosis of it in
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which the spore-balls are described as "globulis," the equivalent of Wallroth's

" polysporis," not " pseudosporis," as quoted by him. In both the diseases

described by Martins he sees a similar matrix or degenerated cell-sap. In

the scab this becomes transformed into a powder, but in the other disease it

gives rise to an "after organization," the mould or HyphomyceteFusisporium.

It is not surprising that at this date, four years before Berkeley's account

of PhyfojiJitliora infestans appeared, disease organisms should have been

confounded together. In the present case it is, I tliink, evident that

PI. III., fig. 20, of Martius (PI. XII., fig. 2, of this paper) represents the

same organism as Brunohorst's figure, here reproduced as PI. XII., fig. 1.

Beyond the one reference to the insignificant stalk occasionally seen attaching

the "grains" or spore-balls to the cell-wall, there is no suggestion in Martius's

account of the presence of hyphse in the scab organism. Berkeley, however,

without comment places it in the TJdilaginece. Wallroth in a few lines

accompanying his diagnosis calls the fungus a smut. Was this Berkeley's

reason for placing it in the smuts ? Were hyphse observed ?

Frank (11) examined the organism and accepted it as a slime-fungus, but

considered it to be a saprophyte, not the injurious parasite it is.

The general character of the Spongospora scab is evident from PI. XII.,

fig. 3, showing a tuber with several scabby or wart-like patches. The

wart is a proliferation of the tissue of the tuber, and its disintegrating

cells are full of spore-balls. The plasmodial stage of the fungus may be

seen in the deeper-seated cells passing on to the ordinai-y starch-cells. In

PL XII., fig. 4, the plasmodium-occupied cells appear dark-coloured, and

lie between the cells with spore-balls and tiiose with starch in them.

PI. XII., fig. 5, taken from a scabby tuber, shows the plasmodial stage

only, beneath the cork which is recognizable to the left of the figure.

PI. XII., fig. 6, shows a little of this attacked tissue more highly magnified.

In some of the host-cells the starch and other cell-contents have been entirely

absorbed by the parasitic plasmodium. In others it is in course of absorp-

tion. The wall of the host-cell is mostly intact and unattacked. There are

no signs of fungal hyphse. In PI. XIII., fig. 6, the vacuolated plasmodium

is shown, just before spore- formation begins.

There is abundant evidence that the Spongospora parasite is an intra-

cellular organism, and that it occurs both in its plasmodial and fruiting

stages within the host-cells. Plate XIII., fig. 5, shows a spore-ball lying

in the host-cell. At n the nucleus of this cell is still observable. The light

spots at s are unabsorbed starch-grains. The walls of the host-cells are

clearly present, and there are no fungal hyphse. In PI. XIII., fig. 8, a

host-cell is seen lialf occupied bj^ a spore-ball. In the other half are
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protoplasmic remains and two impoverished nuclei suggestive of parasitic

stimulation. PI. XIII., fig. 7, is taken from a preparation of restored

type material of T. Scabies, and shows a cell occupied apparently by the

Plasmodium, judging from comparison with the appearance of the cells in

PI. XIII., fig. 6.

The Spore-Balls.

Martius describes the spore-balls as opaque grains witli a shagreen-like

surface, and formed of several larger and smaller globules. Together they

form the black or dark brown powder, each grain being about twice the

size of a starch-grain and " -^g - ^^g mm." in diameter. Berkeley describes

the spore-balls as hollow spheres with one or two apertures communicating

witli the interior—an error in description repeated by several subsequent

writers. Brunchorst, who made microtome preparations of the balls, saw

and described their true structure. Each spore-ball, ovate-oblong to more

or less spherical in shape, consists of hundreds of angular spores 3'5 /a

in diameter, firmly bound together to form a sponge-like body. The spore-

ball is not hollow but honeycombed by cavities or passages in communication

with one another and with the exterior. The spores are thus arranged like

trabeculee or strands traversing and enclosing the cavities. Unfortunately

Massee repeats the earlier erroneous description, even in the description of

the origin of the spore-ball from the plasmodium. The figures here given,

PI. XIII., fig. 2 (from Berkeley's own material), and PL XIII,, fig. 1,

show that the spore-ball is not a hollow sphere, but a sponge-like body,

the cavities or plasmogenetic intercellular spaces, as I have called them,

being the vacuoles of the sporogenous plasmodium. Massee speaks of

the appearance of the ripening spore-ball, as seen " in optical section,"

and his mistake in description may be due to want of use of microtome

preparations.

The inaccurate description of the spore-ball's structure made me doubt

the reliability of the observation by Massee of the earliest stage of the

invasion of the host-cells by the parasite. Massee says :
" The earliest

condition observed in a cell of the host consists of a veiy few irregularly

globose protoplasmic bodies aggregated round the nucleus of the cell.

[His fig. 4, here reproduced in PI. XIII., fig. 4]. . . . When fixed and stained

these amoeboid bodies are seen to possess a single nucleus. . . . How these

amoeboid bodies gain an entrance into the cell of the host has not yet been

observed ; but sucli invaded cells are always the most internal of the cells

affected by the parasite, and are always immediately adjoining other cells
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containing the organism iu a more advanced stage ol development. . . .

It appears highly probable that the cells are invaded by the parasite for

some time before the amoeboid bodies surrounding the nucleus can be seen
;

for when they are present, the starch has, as a rule, disappeared from the

cells." Sections stained with congo red are described in support of the view

that these bodies are the myxamoebse of other slime-fungi. I have spent

what has sometimes seemed to me a disproportionate amount of time in

the microscopic examination of Spongospora without observing any signs of

such amoeboid bodies as those just described. I suspected them to be, in

fact, an accumulation of young starch-grains around the host nucleus.

Such grains are spherical, with a centric hilum, which takes up a stain

readily and might pass for a nucleus. I have placed side by side with

Massee's figure of the myxamoebse a micro-photograph of a Flemming-fixed

and stained healthy potato-cell (PI. XIII., fig. '6). The similarity is, I tliink,

striking. Massee himself states that the starch-grains have disappeared

when the amoeboid bodies appear. Eeplace " amoeboid bodies " by young
" starch-grains " in the above-quoted statement, and everything becomes

clear. I am in accord with Massee in the view that the parasite gnaws

into the flesh of the tuber by its penetrating plasmodium—the more

easily the moister the soil. The drier the soil the more readily is the

parasite kept in check by the formation of protecting wound cork. The

Plasmodium, too, carries the disease from the seed-tuber through the

stoloniferous branches over into the new tubers, making them scabby, as

I have already shown.

I must refer readers to my earlier paper for a general account of the

changes which I consider lead to the maturity and germination of the spores.

Massee sees in each ripe spore a single nucleus. At germination the

uninucleate spore-contents escape, as in slime-fungi generally, as a single

body, which shows for some time sluggish amoeboid movements, and then

becomes stationary. Its nucleus next divides into two, followed by complete

fission of the body. By repeated fission numerous 1-nucleated bodies are

formed, which ultimately coalesce to form a plasmodium. I regard the spore

as much more complicated, and comparable to the spore of Ceratiomyxa,

as recently described by Jahn (12), and Olive (13). PI. XIV., fig. 1, is a

microphotograph of a spore-ball in culture, in section. The details of the

contents of the different spores in the ball deserve examination by pocket-

lens. In the spore marked t there are apparently four nuclei present,

arranged tetrahedrally, highly suggestive of a stage observed in Ceratiomyxa,

The spore is so small that I cannot yet give a satisfactory connected

comparative account of the nuclear changes. In my earlier paper I have
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suggested what appears to be the line of development followed. In the

interpretation of the phenomena in the larger spores of Ceratiomyxa, Jahn

and Olive differ fundamentally ; and I may well hesitate in the much

more difficult case of Spongospora to interpret the appearances presented.

PI. XII., fig. 7, shows some of the stages drawn from preparations under

the highest magnifications.

The possibility that tliere was some justification for the statement made

by Berkeley and others, that the spore-balls were attached by a side-stalk,

and tliat the fungus was a smut, early disturbed me, and I was quite

prepared to find iu the type material of Sorosporium Scabies hyphse in the scab

spots. In one section I found cells filled with fungal hyphse as figured

(PI. XIV., fig. 4), suggestive of the sclerotium of Ehizoctonia (or Corticium).

In some Scotcli material I examined, hyphse were clearly present in the scab

areas outside the cellular tissue of the tuber ; and though some could be

accounted for as the mycelial hyphse of Ehizoctonia scab, there were others

not so explicable (PI. XIV., fig. 5). The hyphse are swollen, septate, and

branching ; their contents abundant and granular. In some cases chains or

masses of spores may be seen arising from the protoplasmic contents of the

hyphse (PI. XIV., fig. 2). Spongy spore-balls, very like those of Spongo-

spora, arise ; and ultimately the enclosing walls of the liyphte disappear and

leave the balls lying free. The more external balls lose their compactness

and break up into single spores or small groups of spores (PI. XIV., fig. 5),

so that they form a finer powder tlian Spongospora, whose spore-balls remain

intact to the end. The mode of origin of the spores just described is not

unlike that met with in the U&tilaginece, so far as they have been studied ; and

it thus appears as if (as I wrote in my working notes as long ago as May,

1908) there are two kinds of potato scab characterized by powdery spore-

balls, the one with a plasmodium

—

Spongospora subterranea Wallr.—the other

a Hyphomycete, possibly one of the Ustilaginacese.

In 1892, Lagerheim (14) published a short note in the Journal of

Mycology, in_ which he stated that the scab observed by Brunehorst was

well known to the natives in S. America, though due, they thought, to the

gnawing of worms. Lagerheim states that Brunehorst wholly misunderstood

and misinterpreted the organism, and that the wart-like tissue is not potato-

flesh, but a pseud-parenchyma of fungal hyphse, in which the characteristic

spore-balls arise. The hyphse are filled with a colourless protoplasmic

substance, which is very often full of vacuoles. This is perhaps, says

Lagerheim, what Brunehorst mistook for plasmodia. In the warts, containing

mature spore-balls, the hyphse are usually empty, and the spore-balls are not

free, but fastened to the surrounding hyphse of tlie pseud-parenchyma.
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Lagerheira did not see any early stages of spore-formation, but presumes

tliat, according to their mature structure, "neighbouring hyphse develop upon

the pseud-parenchyma, and divide up into small cells, which cling firmly to

and partly surround the sporogenous hyphse." The spores could not be

made to germinate, and Lagerlieim's statement is not illustrated, but the

reconciliation of his observations with those of Brunchorst is to be found

possibly in the account I have given of the smut-like organism. It is

possible, judging from some preparations I have, that a third organism may
produce yet another form of powdery scab. Lagerheim concludes that his

fungus is the same as that called Sponfjospora Solani by Brunchorst, and that

it has been long known and ilescribed by various authors as JEri/sibe sub-

terranea Wallroth. "Unfortunately," he says, "the publications of Wallroth,

Martins, and Berkeley are not accessible to me, which renders it impossible

for me to decide this question. If my supposition be correct, the fungus

sliould be called Spongospora mbterranea (Wallr.) "—a name I had decided to

adopt loug before my attention was called to Lagerheim's note.

(A somewhat parallel case is mentioned by Sorauer in his Handbuch :

—

The coral-like swellings on the roots of the alder, bog myrtle, &c., were at

one time described as due to a filamentous fungus SMnzia Alni. Moller then

attributed them to a plasmodium to which he referred the Schinzia. Woronin

saw the two forms existing side by side. Brunchorst, it is interesting to note,

next saw no signs of a plasmodium, but a filamentous fundus, which he

distinguished from Schiuzia as Frankm mbtiUs. Finally, Bjorkenheim

concludes the fungus is a filamentous one, with swollen hyplise, which form

bladder-like swellings, mistaken for spores by earlier observers.)

Prevention of the Disease.

In 1909 I made a number of experiments by pot cultures to test the

possibility of preventing Spongospora scab. In all cases the soil was good

garden loam, and healthy seed in it gave a healthy crop.

1. Seed-tubers of the varieties Red Skerries and Champions suffering

from scab gave a scabby crop.

2. Similar seed first treated for eighteen or twenty-four hours, with a

2 per cent, solution of Bordeaux mixture, gave tubers free from scab.

3. Such seed treated with sulphur gave a scabby crop.

4. 1 planted healthy tubers of Sutton's Superlative, into whicli I had

previously grafted a wedge of a scabby tuber, from which all the

spore-balls, as far as I could make sure, had been scraped off. The

tubers formed were scabby. Thus it appears that the resting

Plasmodium can communicate iufeotion to healthy tubers.

SCIENT. PBGC. R.D.S., VOL. XII., NO. XVI. 2 P
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5. I soaked uncut tubers of Sutton's Superlative in a decoction of spore-

ball material. Tlie resulting tubers were healthy. Thus, as far as

it goes, this experiment indicates that whole seed^ even in scab-

contaminated soil, may resist attack and give a healthy crop.

Tlie potato crop in Ireland would be much more satisfactory if whole

tubers, 3^ oz. in weight, and previously soaked in one or other fungicide,

were planted.

Poor seed tubers, often badly diseased, cut up into three, four, or five sets,

placed witli exposed surface in direct contact with the manure, frequently

of inferior quality, cannot but give a diseased crop. All the predisposing

causes of the production and propagation of disease are allowed to act, and

a poor crop must result.

Spongospora Scab Literature.

1. Johnson, T. : S^MUf/ospora Solani, Brunch. (Corky Scab). Econ. Proc.

E.oy. Dublin Soc, i., 1908, Part xii.

2. Brunchorst, J.: Ueber eine verbreitete Kranklieit der Kartoffel-

knoUen. (Bergeiis Museums Aarsberetning, 1886).

3. Johnson, T. : Der Kartoffelschorf : Spongospora Solani, Bruncii.

Jahresb. d. Vereinigung d. Vertreter d. angew. Bot., iv., 1906.

4. Massee, G. : Some Potato Diseases. Jouru. Roy. Hortic. Soc, xxix.,

1904.

5. Massee, G. : English Potato Scab. Journ. Board of Agriculture, xv.,

No. 7, 1908.

6. Bekkuley, Rev. M. J. :
" Observations, Botanical and Physiological,

on the Potato Murrain." Journ. Hortic. Soc, i., 1846.

7. Berkeley and Broome : Notices of British Fungi. Ann. Mag. Nat.

Hist., V. (2ud Series), 1850, p. 464.

8. Fischer de Waldheim, A. : Apercu Syst. sur les Ustilaginees, 1877.

9. Mautics, C. F. p. von : Die KartofPel-Epidemie, 1842.

10. Waij.roth : Evysibe siMervanea. Linusea, 1842.

11. Frank, H. B. : Kampfbucii g. d. Schadlinge uns. Feldfriichte. 1897,

p. 177.

12. Jahn, E. : Myxomycetenstudien. Ber. d. Deutsch. Botau. Ges., xxvi.,

1908.

13. Olive, E. W. : Cytological studies on Ceratiomyxa. Trans. Wisconsin

Acad., XV., 1907.

14. Lagerheim, G. ue : Remarks on the Fungus of a Potato Scab

[Spongospora Solani, Brunch.). Jouru. of Mycology, vii., 1*^92.

15. Sorauer : Handb. d. Pilanzenkrankli., 1908, p. 15.



EXPLANATION OF PLATE XII,



PLATE XII.

Fig. 1. Spongospora-infeeted tuber sprouting feebly. (May, 1909.)

Fig. 2. Eeproduction of a figure of Protoviyces from Martius's " Die Kartoffel-

Epidemie."

Fig. 3. Eeproduction of a figure from Brunchorst's article on Spongospora Solani,

allowing the plasmodia in potato-cells.

Pig. 4. Microphotograph of plasmodia p, and spore-balls.

Fig. 5. Microphotograph of plasmodial stage of scab. At c cork cells are visible.

Fig. G. A little of fig. 5 more highly magnified. Host-cells are seen in various

stages of invasion by the plasmodium, e.g., in a, host-nucleus, and

starch-grains are still present.

Fig. 7. Sketches of spore in spore-balls in different stages of development

or of germination. (Mostly ^ 2000.)
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PLATE XIII.

Fig. 1. Section through a group of free spore-balls of Spongospora.

Fig. 2. Three spore-balls in section, from type herbarium material.

Fig. 3. A healthy potato-cell, showing nucleus surrounded by small starch -grains.

Fig. 4. Copy of Massee's figure of potato-cell to show Spongospora myxamabcB,

surrounding host-nucleus.

Fig. 5. Several intra-cellular spore-balls :

n host-nucleus in impoverished condition
;

s, s, s, starch grains.

Fig. 6. A single host-cell occupied by vacuolated Plasmodium (p) (x 2000).

Fig. 7. A potato-cell of the type herbarium material, occupied by Spongospora

Plasmodium.

Fig. 8. A host-cell, one half occupied by a spore-ball, the other half by the

protoplasmic and starch contents. Two feebly-staining host-nuclei

are present in this cell [n).
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PLATE XIV.

Fig. 1. A spore-ball in culture, showing the spore in various stages, e.g., at t,

the tetrahedral arrangement of nuclei.

Figs, j
Section through Hyp}umiycete scab, showing chains and balls of spores,

2, 3, 5.) both arising and formed.

Fig. 4. Host-cells filled with fungal hyphse, from type herbarium material of

Tuburcinia scabies.

Fig. 5. The spore-groups of the Hyphcmvycete in a much more powdery condition

than in Spongospora. The sporogenous hyphse are clearly seen in

the figures 2, 3, 5.
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XVII.

MECHANICAL STRESS AND MAGNETISATION OF IRON.

Part II.

By WILLIAM BROWN, B.Sc.

[Eead Apkil 20. Ordered for Publication May II. Published June 21, 1909.]

A PREVIOUS communication brought by me before tbis Society^ contained

some results obtained in investigating tlie relations between mechanical

stress and magnetisation with iron wires, which wires in most of the

experiments were not in a uniform longitudinal magnetic field tliroughout

tlieir entire lengths. Tlie results which I now submit were all obtained

with the iron wires in a perfectly uniform magnetic field.

The arrangements for the first part of the experiments were the same as

those described in tlie former paper, where the wire under test was suspended

in a vertical direction, and joined in series with a moving-coil ballistic

galvanometer, having a resistance of 325 ohms.

The galvanometer-scale was placed at a distance of lOl'S cms. from the

galvanometer-mirror, and was divided into 700 divisions in a length of 4i

cms. An earth-inductor was so arranged that it could be inserted in the

circuit, and the constant of the galvanometer tested at any part of the

experiment.^

In order to get the uniform longitudinal magnetic fields stronger than

the vertical component of the Earth's magnetism, a long solenoid was used,

which had 7707 turns, in four layers, and total length of 236 cms. The

internal magnetic field of this solenoid was perfectly uniform in strength for

a distance of 226 cms., or to within 5 cms. of each end. The wire under

test was suspended in the middle of this solenoid, in a magnetic field of

' Scient. Proc. Roy. Dublin Soc, 1909, vol. xii., p. lOI.

'' Ibid., Fig. 1, p. 103.
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uniform strength, by means of two three-]" caw clutches at a, a, fig. 1. These

clutches were made in the ends of brass rods, half an inch in diameter, and

gripped the wire firmly; the top rod was fixed to a heavy wooden beam in

the ceiling of the room, and to the lower rod a brass vibrator was fixed, the

weight of whicli could be altered by means of discs of lead. From tlie lower

end of tliis vibrator an iron wire dipped into a meroary-cup, so as to complete

the circuit through the galvanometer. Tlie brass rods and clutches were

both covered with rubber-tubing insulation, so as to prevent them from coming

in contact with tlie inner tube of the solenoid, and tliereby avoid any leakage

'^^mm0wwwww

of the transitory electric current, which is produced when the lower end of

the iron wire is twisted. A secondary battery, an ammeter, a reversing kej',

and suitable rheostat, were put in series with the solenoid, so as to produce

the desired longitudinal magnetic field round the wire imder test.

That the transitory electric current produced when an iron wire is twisted

in a magnetic field is entirely due to the j^resence of the field was shown by

the following experiment :—An annealed, No. 16 iron wire, being suspended
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in the middle of the solenoid, the circuit was cc^mpleted through the galvano-

meter. A current was then sent round the' solenoid in such a direction as to

annul the vertical component of the Earth's magnetic field; and when the

lower end of the wire was twisted through an angle of 100° no trace of

current was produced through the galvanometer ; but, when the circuit of

the solenoid was open, and tiie Eartli's vertical field of 0-45 c. g. s. units

allowed to go round the wire, a twist of 100° on tlie end of it gave a deflection

of 30 divisions on the galvanometer scale.

In all the experiments mentioned in the first section of this communica-

tion, the results are given for a maximum twist on the wire of 100°, so that

wlien the thicker wires were under test tliis angle of twist would be within

their elastic limits. As in the previous experiments the cyclic curves were

obtained hy twisting the lower free end of each wire under test thi'ough

a series of steps of 20° from 0° to + 100'^, then from + 100° to - 100°,

and again from - 100° to + 100°, thus completing tlie cycle. All the cycles

so obtained were plotted on millimetre paper, where on the axis of abscissae

one centimetre represented 20° of twist, and on tlie axis of ordinates one

centimetre represented 10 divisions on the galvanometer scale ; the total

areas of all the curves in sq. cms. were then measured. In order to

find the effect of varying the longitudinal stress per unit area on the

wire when it was placed in a magnetic field gfeater than tliat of the

Earth's vertical force of 0'45 c.g.s. units, a preliminary experiment was

made with a No. 16 iron wire ; and it was found that tlie maximum

transitory current and the maximum area of the cyclic curve were obtained

when the wire was in a magnetic field of between 2 and 3 c. g. s. units

:

a field of 2'5 units was therefore used.

A No. 16 iron wire of cross-sectioual area, 20'6 x 10'^ sq. cms., was

carefully annealed and suspended in the middle of the solenoid in which

was a magnetic field of 2*5 units ; a load of 0'3 x 10'' grammes per sq. cm.

was put on the end of the wire, and a complete cycle taken with a maximum

twist of 100°. The load was then increased, and a cycle again taken, and so

on for six different values of the load up to 2 x lO'* grammes per sq. cm. The

cyclic curves were all drawn to the same scale, and the areas in sq. cms. found;

the largest transitory current for 100° twist was also observed. The results

are here given in Table I.

[Table I.

2g2
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Table I.

Load on the wire,

grammes per sq. cm.
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Table II.

Cross-sectional

area of wire

in sq. cms.
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In fig. 2 are plotted tlie values of the magnetic field or longitudinal

magnetisation as abscissae, and the total area of the cyclic curve or the circular

magnetisation as ordinates. The top curve is that obtained with the thickest

wire of cross-sectional area, O'l'T x 10"' sq. cms., and the lowest curve that got

with the wire of 6*5 x 10"' sq. cms. cross-sectional area. From tliese curves

we see that the circular magnetism rises to a maximum in a fairly weak

magnetic field, and tlien diminishes as the field strength is increased; and

also that the maximum circular magnetism in each of the several wires is

obtained for different values of the longitudinal magnetic field.

Neglecting the lowest curve, since its peak or liighest point is somewhat

indefinite, if we pick off from the first four curves the value of the longi-

tudinal magnetic field corresponding to the highest point on each curve, and
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ordinates against tlie corresponding values of the cross -sectional area of the

wire as abscissae, these four points will also be found to lie practically on a

straight line ; and, as before, when the cross -sectional area of the wire is

increased about 4'7 times, the maximum circular maguetism is increased

2'5 times.

In fig. 3 are plotted the longitudinal maguetic fields as abscissae, and as

ordinates the maximum transitory current obtained by twisting one end of

the wire through an angle of 100". As one would expect, these curves are of

very much the same form as those in fig. 2 : the value of tlie maximum

transitory current increases with the increase of the magnetic field round the

wire up to a certain value, and then diminishes as the field is furtlier

increased.
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that as the cross-sectional area of the wire is increased about 4'7 times, the

longitudinal magnetic field required to give the liigliest value of the maximum

transitory current is decreased from 3-2 to 2-3 c. g. s. units, or about 28 per cent.

Again, if the highest values of the maximum transitory current be picked off

from the first four curves in fig. 3, and plotted as ordinates against the cross-

sectional area of the wires as abscisste, the four points will be found to lie

practically in a straight line. This shows that as the cross-sectional area of

the wire is increased 4-7 times, the highest value of the maximum ti-ansitory

current increases from 56 to 207 galvanometer scale-divisions, or about

3'7 times.

Tlie arrangement of the apparatus was now changed so as to obtain the

circular magnetisation, and to measure the amount of twist in an iron wire

when carrying an electric current and when placed in a uniform longitudinal

magnetic field throughout its entire length.

The vibrator or weight at the end of the wire was modified in such a

way as to allow the reflecting surface of a small concave mirror to be coin-

cident with the axis of the wire under test, the wire being at the same time

in a uniform magnetic field. The stem of the vibrator which was used in the

experiments just mentioned was cut, and a brass tube 6 cms. long and 3 cms.

diameter inserted, in which were arranged the mirror and its means of adjust-

ment as sliown in fig. 4. At tlie upper end a is a three-jaw clutch for

clamping the wire inside the solenoid, and at 6 is a torsion-head with some-

what stiff motion, by means of which the lower part of the vibrator can be

turned round the axis of the wire with respect to the upper part a b held

stationary. By this means the spot of light from the small mirror m could

be brought on to the scale when the wire under test was in position inside

the solenoid.

The mirror m is fixed on a small hinged plane surface which can be given

two motions, viz., a motion at right angles to the vertical wire by means of a

small slide-rest and the screw d, and a very slight motion round the hinge or

pivot of tiie mirror by means of the screw c. The first movement brings the

reflecting surface of the mirror in the vertical plane through the axis of the

wire, and the second gives a means of getting the spot of light on to the

scale. The scale used was divided into 700 divisions in a length of 44 cms.,

and was placed at a distance of 109 cms. from the mirror.

In the following tests the longitudinal magnetisation round the wire was

obtained by means of the long solenoid, and the circular magnetization

by sending a certain definite electric current through the wire; each of

these circuits had its own independent accessories in the form of secondary

battery, variable resistance, ammeter, reversing key, and plug-key. The
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maximum current density employed in all tlie wires was at the rate of 100

amperes per sq. cm., and to obtain a measure of the circular magnetisation

the results were all plotted on millimetre paper, so that two centimetres

represented one ampere on the axis of abscissae, and on the axis of ordinates

one centimetre represented ten divisions of deflection or twist on the scale.

im^M0m^m^^^^m

m^^w^^^w

As was shown in Part I. of this paper,' this method of stating the results

jives a very symmetrical cyclic curve; and one would expect that an iron

1 Scient. Proc. Eoy. Dublin Soc, 1909, vol. xii., p. 101.
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wire tested in tliis way would exhibit loops of hysteresis iu the same way as

in the ordinary B-H curve for iron.' In order to test this, a carefully

annealed No. 16 iron wire of cross-sectional area, 20"6 x 10"' sq. cms., was

suspended inside the solenoid, whicli was arranged to give an internal longi-

tudinal magnetic field of 2'5 c.g.s. units; the longitudinal stress or load

on the end of the wire being that of tlie vibrator only, viz., 0'34 x 10*

grammes per sq. cm. A complete cycle was taken in which the increments

of current through the wire were small—so as to get numerous points on tlie

curve—the maximum value being 2-06 amperes. During tlie cycle two

hysteresis-loops were obtained ; and the values for the cycle and loops are

given in Table III., and shown as curves in fig. 5

.

Table III.

Amperes.
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Experiments were now made to test the effect of varying the longitudinal

stress on tlie wire when it was placed in a uniform magnetic field throughout

its whole length. An annealed No. 16 iron wire was fixed in position inside

the solenoid, which was arranged to give a longitudinal magnetic field of

>
7^

-f- f
i

7

=r'

2-5 c.g.s. units. A cycle was taken wlien a known load was on the wire,

the maximum current through the wire being 2-06 amperes; the load on the

wire was then increased and a cycle again taken, and so on for eight different

values of the load, the longitudinal magnetic field round the wire being 2-5

2h2
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uaits io each experiment. The total area in sq. cms. of each of the cyclic

curves was then measured, and the maximum twist also observed in each

case ; the results so obtained are given in Table IV.

Table IV.

Load on wire,
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With a constant longitudinal stress on each wire of 10^ grammes per

sq. cm., the effects of varying the cross-sectional area of the wire, the longi-

tudinal magnetisation, and tlie circular magnetisation were now tested ; and

to do this four diflferent sizes of wires were employed, viz., Nos. 18, 16, 14,

and 12 standard gauge. These wires were properly annealed, and succes-

sively tested wlien placed in magnetic fields varying from 0"45 to 14 c.g.s.

units, the maximum current density through each wire being at the rate of

100 amperes per sq. cm. Each of tlie wires was tested in nine different

longitudinal magnetic fields and the total area of the cyclic curve for each

set of observations measured : the results obtained are given in Table V.,

and shown in curves in fig. 6.

'1'able V.

Magnetic field

c.g.s.
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ordiuates against the corresponding values of the cross-sectional area of the

wires as abscissae, it will be found that these four points lie practically in a

straight line. It will be seen from this that when tlie cross-sectional area

of the wire is increased about 4'7 times, the longitudinal magnetic field which

produces the maximum circular magnetisation decreases from 3'5 to 2'5 e.g.s.

units, or about 28 per cent. If from the same curves in fig. 6 we take the

maximum circular magnetisation in each of the four curves, and plot these

values as ordinates against the corresponding values of the cross-sectional

areas of the wires as abscissse, the points will also be found to lie very
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magnetic field which produces maximum circular magnetisation

is different with different-sized wires.

2. When the longitudinal load is 10*^ grammes per sq. cm. and the cross-

sectional area of the wire is increased about 4"7 times :

—

(ff) The longitudinal magnetic field which produces the maxi-

mum circular magnetism is decreased about 54 per cent.

[b) The maximum circular magnetisation is increased 2 '5 times.

{c) Tlie longitudinal magnetic field required to give the highest

value of the maximum transitory current is decreased

28 per cent.

(rf) The highest value of the maximum transitory current is

increased 3"7 times.

B. When an electric current is sent througli tlie wire and the mechanical

twist measured :
—

1. The change in the mechanical twist lags behind tlie change in the

circular magnetisation, a cyclic curve and hysteresis loops are

obtained.

2. When an iron wire of cross-sectional area, 20'6 x 10"^ sq. cms., is

placed in a uniform magnetic field of 2"5 c.g.s. units, and the

longitudinal stress per unit area on tlie wire is increased about

7 times, the circular magnetism is decreased about 30 per cent.,

and the maximum twist of the free end of the wire is decreased

about 14 per cent.

3. The value of the longitudinal magnetic field whicli produces maximum

circular magnetisation is different with different-sized wires.

4. When the longitudinal load is 10^ grammes per sq. cm. and the cross-

sectional area of the wire is increased about 4*7 times:—
(«) The longitudinal magnetic field which produces maximum

circular magnetisation is decreased about 28 per cent.

{b) The maximum circular magnetisation is increased about

three times.

I am indebted to Mr. F. W. Warwick, b.a., b.e., of the Physics

Laboratory, Royal College of Science, for assistance in reading the gal-

vanometer scale during some of the experiments for both this and the

previous paper.
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magnetic field which produces maximum circulai- mngnetisation

is different witli different-sized wires.

2. When the longitudinal load is IC" grammes per sq. cm. and the cross-

sectional area of the wire is increased about 4"7 times :

—

(«) The longitudinal magnetic field which produces the maxi-

mum circular magnetism is decreased about 54 per cent.

[b) The maximum circular magnetisation is increased 2"5 times.

(c) The longitudinal magnetic field required to give the highest

value of the maximum transitory current is decreased

28 per cent.

{d) The highest value of the maximum transitory current is

increased 3"7 times.

B. When an electric current is sent throngli the wire and the mechanical

twist measured :
—

1. The change in the mechanical twist lags behind tlie change in the

circular magnetisation, a cyclic curve and hysteresis loops are

obtained.

2. When an iron wire of cross-sectional area, 20'6 x 10"^ sq. cms., is

placed in a uniform magnetic field of 2'5 c.g.s. units, and the

longitudinal stress per unit area on the wire is increased about

7 times, the circular magnetism is decreased about 30 per cent.,

and the maximum twist of the free end of the wire is decreased

about 14 per cent.

3. The value of the longitudinal magnetic field which produces maximum
circular magnetisation is different with different-sized wires.

4. When the longitudinal load is 10* grammes per sq. cm. and the cross-

sectional area of the wire is increased about 4'7 times:—
(«) The longitudinal magnetic field which produces maximum

circular magnetisation is decreased about 28 per cent.

(6) The maximum circular magnetisation is increased about

three times.

I am indebted to Mr. F. W. Warwick, b.a., b.e., of tlie Physics

Laboratory, Royal College of Science, for assistance in reading the gal-

vanometer scale during some of the experiments for both this and the

previous paper.
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METHODS OF DETERMINING THE AMOUNT OF LIGHT
SCATTERED FROM ROUGH SURFACES.

By W. F. BARRETT, F.R.S.,

Pi-ofessor of Experimental Physics, Royal College of Science for Ireland.

[Read April 20. Ordered for Publication May U. Published July 27, 1909.]

When light falls on a rough or unpolished surface, such as a sheet of

ground glass, t,he reflected beam is scattered or diffused in every direction

owing to the irregular nature of the surface, and each point of the surface

thus becomes a source of light.' From whatever direction tlie surface is

viewed, it is thus rendered visible ; and the scattered beam is white or coloured

according as some wave-lengths are, or are not, absorbed. Even the whitest

surface absorbs some of the incident light, but the proportion of light reflected

from a more or less smooth surface is increased as the angle of incidence

becomes greater, so that with very oblique incidence a fairly smootli surface,

such as a sheet of white paper, can give an indistinct image of a luminous

body. It is obvious that the amount of light thus scattered by large surfaces,

such as a building or white-washed wall, is of great practical importance, more

especially in legal disputes where a case of " ancient lights " is concerned.

It was such a case upon which I was consulted, that first drew my attention

to the need of accurate information on the relative amounts of liglit scattered

' The term ' scattered light ' is usually and properly restricted to those cases where the particles

of the body are small in comparison with the wave-length of light. Under such eircumstances the

ordinary laws of reflection are not obeyed, fur only single wavelets are formed by the scattering of

the incident or primary wave. Lord Eayleigh has shown that for a given ampliUide of the primary

wave, the amplitude of the scattered wave varies inversely as the square of the wave-length, and the

intensity of the scattered light varies inversely as the fourth power of the wave-length. Tliis is the

case when light is scattered from minute particles of smoke, or milk and water, the scattered light

being bluish, since the intensity varies as nbove stated. In tlie present paper I use the word 'scattered
'

to mean ' irregularly reflected,' the particles of the reflecting surface being comparatively coarse, and

thus the reflected wave is formed by a reinforcement of wavelets generated at neighbouring points of

the surface. In the case of opalescent surfaces, the panicles are small, and Lord Rajleigh's law

applies.
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by different surfaces. The estimates given were variable, and appeared untrust-

worthy ; nor could I fiud by what method of observation they were arrived

at. One difBculty has arisen from tlie fact that the ordinary photometric

method, which involves the law of inverse squares, is inapplicable to large

Fio. 1.

reflecting surfaces. A modification of that method is possible by receiving

the scattered light upon a small screen of ground glass or tracing-paper, and

using this as the source of light which can be balanced against a standard

2i2
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light. Blackened tubes are necessary to prevent tlie intrusion of extraneous

light into the photometer, which sliould be of considerable lengtli to diminisli

the error arising from the magnitude of the trausliicent screen. But tlie

results so obtained are not very satisfactory, owing to the unavoidable reduction

aud consequent feebleness of the source of light thus measured.

It may therefore be of interest to bring before the Society two other

methods of comparing the scattered liglit with some standard source of light,

and reducing the illuminating power of tlie stronger in some other way than

by varying the distance.

Method A consists of a rapidly revolving opaque disc with a transparent

sector that can be altered in size, and its angular magnitude measured. The

apparatus shown in fig. 1 can be driven by hand ; a simple speed-gear is all

that is necessary. It is placed at a given distance between the reflecting

surface, which is illuminated by the sun or strong artificial light, aud the

photometer. The widtli of the sector is altered until equality of illumination

between the reflecting surface and a standard source of light is obtained as

shown by some transmission photometer, such as Bunsen's, Joly's, or Lummer

and Brodhun's. If the scattered light is coloured, as from a brick building,

in front of the standard light, a wedge of suitably coloured glass, or a

coloured gelatine film of increasing thickness, is gradually interposed until

a similar tint is obtained. This method of diminishing the iutensity of

light by a revolving sector of variable size is well known, and has been

used for other purposes by Swan in 1849, and Abney in 1890 ; but, so

far as I know, it has not hitlierto been employed for the purpose I have

described.

Tiiere is another application of the revolving sector which is very useful

for teaching-purposes, and possibly has been so used, but I have not met

with it. Two equal sources of light are balanced against each other by

means of, say, a Joly photometer. The revolving sector is placed before one,

and the opening iuljusted in successive experiments to, say, 180°, 120°, 90^

and 60°, so that on rapid revolution one-half, one-third, one-fourth, and oue^

sixth of the light on that side falls on the photometer. The distance the

other light, or the photometer, has to be moved to restore equality of

illumination in each case, demonstrates with ease and accuracy the law of

inverse squares. Thus, if the sector be set to 90°, one-fourth of the light

is transmitted by the I'evolviug disc ; and the photometer has to be

placed twice as far from one caudle as the other in order to obtain equality

of illumination. This experiment is so useful and interesting for young-

students that I have added it to the regular course of introductory practical

physics in my laboratory.
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I now pass to Method B, wliioli consists in reducing tlie intensity of the

stronger light by an absorbing medium. For tliis purpose the following

arrangement is adopted ; it is in principle somewhat similar to the " colori-

aJbJB"
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ludian ink mixed with water, and allowed to stand for forty-eight hours

;

the coarser particles are then deposited, and the supernatant liquid is

employed.

The apparatus is shown in fig. 2 and in section in fig. 3. A variable depth

of the liquid is obtained by the movement of a plunger with glass bottom H,

fig. 3, whicli can be gradually immersed within a cylinder or cistern I, also with

a glass bottom, containing the absorbing liquid. Light is reflected upwards

through the cylinder by means of a mirror, M, at 45°. The amount of light

scattered from various large surfaces can thus be very easily compared by the

relative depth of liquid required to produce extinction. The pillar L Is

graduated, and the cistern I raised or lowered by tiie rack and pinion U. In
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order to exclude extraneous light, tlie observer rests his forehead in a sliaped

head-rest A, and a black cloth covers tlie head. After one minute the eye

attains a fah'ly steady state, and eitlier eye can be used at pleasure by sliding

the head-rest to and fro.

On the glass bottom of H is a minute photograph of the graduated test

type used by oculists. This is viewed through a small lens F, adjustable at

E, until a sharp image is seen by the observer. When the cistern I is raised

until the glass bottom of H and I touch, the scale reading on L tlien

indicates zero. The depth of the liquid (as indicated on the scale) required

to produce complete extinction of the light measures the intrinsic brightness of

the source. Or with a constant source of light the depth measures the " light

threshold," or the sensibility of the observer's eye to light. This sensibility

rapidly rises during the first minute of observation, and becomes nearly

constant after two or three minutes. The form sense, or " visual acuity," of

the eye is measured by the depth of liquid required to obscure and produce

illegibility of the test type, and this also measures the illuminatinfj power of

the source of light.

The illuminating power of the source may be reduced to any given

fraction by means of the adjustable and rapidly revolving sector, fig. 1, or

by other means ; and it will be found that the depth of liquid required to

produce extinction of the light is practically the same, even when the illumi-

nation from the source is reduced to a very minute amount : in other words,

the intrinsic brightness remains the same. On the other hand, the legi-

bility of the test type varies with the amount of illumination ; and it is this

we require to measure in the case of liglit irregularly reflected from rough

surfaces.

Hence this arrangement affords an accurate method of testing the

illuminating power of any surface that scatters light, whether large or small.

It is only necessary to use a steady source of artificial light, and note the

depth of immersion of the plunger H which is required to produce illegibility

when a silvered mirror is employed ; then replace or cover the mirror by

a similar-sized piece of the reflecting surface to be tested, and note the depth

now required for extinction, the distance and intensity of the source of light

remaining unchanged.

The following table gives the result of a few observations with this

arrangement. Calling the depth of liquid 100 when a silvered reflector is

employed, the percentages indicate the depth of the liquid required to

extinguish the legibility of a given line of test type, when liglit from

the same source is scattered from the various surfaces named. I have to
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tliank my assistant, Mr. W. "Warwick, b.a., for repeating tliese observations,

and also for other assistance in tliis paper :

—

Silvered mirror, . . . . . . 100

Plane glass surface, . . . . . . 65

Ground glass, . . . . . . 45

White card, . . . . . . . . 45

Grey card, . . . . . . . . 35

Dark grey card, . . , . . . 21

Smooth black paper, . . . . . . 20

Black cotton cloth, . . . . . . 16

Dull black woollen cloth, . . . . 5

As light is scattered at all angles, tlie reflecting surface can be more

or less inclined, and the relative reflecting powers at different incidences

thus determined. When the scattered light is coloured, the exact amount

scattered can be determined by interposing a suitably coloured glass screen

when the silvered mirror is used, and comparing the depth of liquid then

required for extinction with tliat required when the light is scattered from

the coloured surface.

If, instead of finding tlie depth of the neutral tinted liquid required to

obscure the reading of the test type, we measure the depth required to

extinguish the light scattered from various surfaces, the remarkable fact is

revealed by these preliminary experiments, that even with dark surfaces,

such as black paper or cloth, the intrinsic brightness is not reduced much

more than 40 per cent., though tlie illuminating power is reduced 80 to 90

per cent. This subject requires, and I hope shortly to give it, further

investigation. The apparatus also affords a means of measuring tlie relative

sensibility of the fovea and of the retina immediately surrounding it to

(i) the light sense, (ii) the colour sense, and (iii) the form sense or visual

acuity.

Furthermore, this method of absorption enables one to determine with

accuracy the somewhat difficult problem of the relative value of different

systems of lighthouse illumination ; for, as already shown, it measures the

perceptive power of the eye for any given light, and this depends on the

brightness, as distinguished from the illuminating power, of different sources

of light.

The theoretical law which expresses the absorption of liglit by a homo-

geneous medium of varying thickness is well known. In the particular case

of the foregoing instrument, as every successive increment in the depth of the
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liquid through whioli tlie light passes reduces the intensity of the transmitted

light by a given ratio, it follows that as the depth of the absorbing liquid

increases in arithmetical progression, the intensity of the light is diminished

in geometrical progression, and accordingly the law is expressed by an

exponential function. This law, however, only holds true if no light were

lost by internal reflection and scattering within the liquid, and if the light is

of a given wave-length. By employing the revolving sector, fig. 1, which

can be adjusted to reduce by definite amounts the incident light, the coefficient

of transmission of white, or of monochromatic, light through a neutral tinted

or coloured liquid can be experimentally determined ; and thus the actual law

of absorption in any given case can be found. To this I hope to return in

a subsequent paper.
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liquid through which the light passes reduces the intensity of the transmitted

light by a given ratio, it follows that as the depth of the absorbing liquid

increases in arithmetical progression, the intensity of the light is diminished

in geometrical progression, and accordingly the law is expressed by an

exponential function. This law, however, only holds true if no light were

lost by internal reflection and scattering witliin the liquid, and if the liglit is

of a given wave-length. By employing the revolving sector, fig. 1, which

can be adjusted to reduce by definite amounts the incident light, the coefficient

of transmission of white, or of monochromatic, light through a neutral tinted

or coloured liquid can be experimentally determined ; and tlius the actual law

of absorption in any given case can be found. To this I hope to return in

a subsequent paper.
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XIX.

A NEW FOEM OF POLARIMETER FOR THE MEASUREMENT
OF THE REFRACTIVE INDEX OF OPAQUE BODIES.

By W. F. BARRETT, F.R.S.,

Professor of Experimental Physics, Royal College of Science for Ireland.

[Eead April 20. Ordered for Publication May 11. Published July 27, 1909.]

In 1814 Sir David Brewster, after an extensive series of measurements of the

angle of maximum polarization of various reflecting surfaces, was led to the

well-known and important law which bears his name, viz., that the index of

refraction of any substance is the tangent of the angle of maximum

polarization for that substance. Hence, when a ray of light incident on a

transparent body is polarized by reflection, the reflected ray forms a right

angle with the refracted ray.

By means of Brewster's Law the indices of refraction of various opaque

non-metallic reflecting surfaces have been obtained. As every different

colour has a different index of refraction, the law shows that the polarizing

angle correspondingly varies with the different rays of the spectrum, being,

for a given substance, smallest in the red and largest in the violet. In bodies

of low dispersive power the angle of maximum polarization is nearly the

same for all colours, and white light can be used as the source. In other

cases monochromatic light must be employed—either a sodium flame or

suitably coloured glass in front of the source described below.

The amount of light reflected from some opaque bodies is small ; and hence

the determination of the polarizing angle is difficult, unless we can always

keep the analyser placed in the reflected beam at the same angle as the ray

incident on the opaque surface under examination. To secure this I have

devised the following instrument (fig. 1), whereby with a rack-work and simple

link-motion, the collimator, which renders the incident rays parallel, and the

telescope, in which is placed the analysing Nicol's prism, are simultaneously

moved througli equal angles. The opaque body is placed on a movable

table with levelling screws, which are adjusted until the reflecting surface is

level, and at the centre of the graduated circle, round which travel the

telescope and collimator. A small but brilliant source of light is employed,

such as a Nernst or a 10-volt electric glow-lamp; a small lens throws a

brilliant image of the light on to the adjustable slit of the collimator. This
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latter contains a lens in a draw-tube, so that a parallel beam falls on the

opaque reflecting surface ; and a sharp image of the slit is obtained by the

lens in the telescope, which also contains a small Nicol's prism. Upon

turning the rack-work handle, the source of light and collimator move

together, and through the same angle as the telescope. The observer now

turns the polarizing plane of the Nicol at right angles to the plane of the

reflected polarized ray, and watches the gradual extinction of the light as the

polarizing angle is approached. At the angle of maximum polarization the
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light is extinguished (reappearing as the angle is passed), the clamping-

screw is then turned, and by means of the vernier the angle is read ofi in

degrees and minutes. As the polarizing angle of nearly all substances lies

between 48° and 68°, the circle need not be finely graduated for more tlian

20°. An enlarged view of scale and vernier is shown in fig. 2. It is, of

course, essential that the light incident on the opaque surface be strictly

parallel ; and careful adjustment of the collimator must be made beforehand

for this purpose. Provision is also made in tlie instrument for two otlier

adjustments, namely (1) tlie coincidence of the axis of collimation and the

zero of the scale, and (2) of the reflecting surface to be tested with the centre

of the graduated circle. This latter is accomplished by a small projecting

arm with a platinum point, shown in fig. 2.

Liquids are placed in a little glass capsule on the levelling-table, which

is adjusted until the platinum point, indicating the centre of the circle, just

touches the liquid surface. Bodies having an irregular, granular, or

crystalline surface, if fusible, are melted. This is accomplished by placing

them in a small capsule of metal or porcelain, which is heated by a current

of steam or an electric current traversing a platinum wire coiled round the

capsule.
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In practice a difficulty occurs in determining the precise angle of

maximum polarization ; for the extinction of the reflected ray seems to spread

over a narrow region rather than occur at a definite point. This error can

be lessened by careful attention to the parallelism of the incident rays and

the homogeneity and intensity of the ligiit. I have employed a small direct

vision-prism in the collimator and obtained a sharp spectrum, using, of

course, in this case a very brilliant source of white light. In this way I

hoped to obtain the angle of extinction for a definite colour, and thus see

a dark band pass across the spectrum, as the polarizing angle for each

colour was reached. But the result, as might be expected, was not very

successful in bodies of low dispersive powers; a faint, broad shadow is

observed to move across the spectrum, the best position to read being when

the shadow is in the green or greenish-blue : results can then be obtained

within 20' to 30', even with this preliminary apparatus. In the case of

bodies of very high dispersion, like the nitroso-dimethyl aniline, as pointed

out by Prof. Wood in his excellent work on Optics, the determination of the

polarizing angle is easy, as the dark band is then sharp and well-defined.

If it were the rotation of the plane of the polarized light, and not the amount

of polarization, any of the methods used in saccharimetry could be employed

for accurately determining the polarizing angle. Possibly an effect similar

to the half-shadow polarimeter might be obtained by using a divergent

incident beam and a split lens, with inclined axes, in the telescope. What
is needed is a comparative effect ; and for this purpose a double-image prism

in the telescope, instead of a Nieol, would be worth trying.
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In practice a difficulty occurs in determining the precise angle of

maximum polarization ; for the extinction of the reflected ray seems to spread

over a narrow region rather than occur at a definite point. This error can

be lessened by careful attention to the parallelism of the incident rays and

the homogeneity and intensity of the liglit. I have employed a small direct

vision-prism in the collimator and obtained a sharp spectrum, using, of

course, in this case a very brilliant source of white light. In this way I

hoped to obtain the angle of extinction for a definite colour, and thus see

a dark band pass across the spectrum, as the polarizing angle for each

colour was reached. But the result, as might be expected, was not very

successful in bodies of low dispersive powers; a faint, broad shadow is

observed to move across the spectrum, the best position to read being when

the shadow is in the green or greenish-blue : results can then be obtained

within 20' to 30', even with this preliminary apparatus. In the case of

bodies of very high dispersion, like the nitroso-dimetliyl aniline, as pointed

out by Prof. Wood in his excellent work on Optics, the determination of the

polarizing angle is easy, as the dark band is then sharp and well-defined.

If it were the rofation of the plane of the polarized light, and not the amount

of polarization, any of the methods used in saccharimetry could be employed

for accurately determining the polarizing angle. Possibly an eifect similar

to the half-shadow polarimeter might be obtained by using a divergent

incident beam and a split lens, with inclined axes, in the telescope. What

is needed is a comparative effect ; and for this purpose a double-image prism

in the telescope, instead of a Nicol, would be worth trying.
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XX.

ON MONTANIN AND MONTANA (MONTAN) WAXES.

By HUGH RYAN, M.A., D.Sc, F.B.U.L,

University College, Dublin,

AND THOMAS DILLON, M.A.

[ReaclMAY25. Ordered for Publication June 8. Published July 17, 1909.]

In connexion with a paper on the Irish Peat Industries, wliich one of us

read before the Hoyal Dublin Society in March, 1908, we obtained a

specimen of a conamercial wax called in this country Montana Wax. As

the substance was said to liave been obtained from peat, we- thought an

examination of it might be of some interest.

We found that the wax consisted of a "free" acid (M.P. 83° 0.], and an

unsapouifiable portion (M.P. 58-59° C), and was therefore of a very different

composition from that recently found for Peat Wax by R. Zalozieoki and

J. Hausmann'. By saponifying Peat Wax the latter chemists obtained an

alcohol (CaoHioOO M.P. 124-130° C, an acid (CeH.sOO M.P. 184° C, and

anotlier acid (CjiHsaO,) whicli did not melt below 260° 0.

In connexion with their theory of the origin of petroleum from diatoms,

G. Kramer and A. Spilker have examined' the wax extracted by means of

hot benzene from pyropissite and the peat of low-land bogs.

By saponifying the wax they obtained an alcohol M.P. 76-78° 0., and a

crude acid of mean formula GiJIuOi, whicli they found to be probably a

mixture of arachidic, behenio, and lignoceric acids.

Montana Wax, therefore, differs markedly from Peat Wax ; but, on the

other hand, it seems to be identical with the Montan Wax prepared

according to the process of E. von Boyen^ from Saxo-Thuringian lignite. By
distillation of lignite in a current of superheated steam, or by extraction of

the dried substance with benzene, a bituminous body was obtained, which,

when distilled with steam heated to 250° C, afforded a yellow waxy solid.

' Zeitschr. fiir angewandte Chemie, xx. (1907), p. 1141.

2 Ber.xxxii. (1899), p. 2940, and Ber. xxxv. (1902), p. 1212.

3 Patentbl. xc. (1899), p. 97.
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Montan Wax is described by von Boyen' as a white high-melting wax,

of greater value for the manufacture of candles than paraffin or stearine.

After purification with benzene it consists, according to von Boyen, of

an acid C29H58O2 (M.P. 84-85° C), and another substance, probably an

alcohol (M.P. 60° C), the two of which are charred by concentrated sul-

phuric acid. The bitumen was regarded as the non-crystallized ester of

the " alcohol " and acid, and was supposed to be hydrolysed during the steam

distillation.

Tiie acid in Montan Wax was named Montauio Acid by von Boyen, and

Greocerinic Acid by IIell.°

Ulzer and Pastrovich'^ examined a specimen of Montan Wax, and found

that it had an Acid Number 100'88, and contained only a trace of ester

(saponification number, 101'37).

J. Mareusson* found that crude Montanic Acid had an Acid Number 143

and consisted of insoluble hydroxy-acids, melting above 100° C, and a waxy

acid melting below 100° 0. Cholesterin was present in the crude, but absent

from the purified, unsaponifiable matter. Both the unsaponifiable and the

saponifiable constituents were dextro-rotatory.

Montana Wax.—Montana Wax is a yellowish, crystalline, waxy solid,

which is scarcely soluble in alcohol, ether, chloroform, or petroleum-ether in

the cold, but easily soluble in the warm, solvents. It has a faint odour of

petroleum, and melts at 76° C.

The Acid Number of the wax was determined in the usual way, by

titrating its solution in hot alcohol with N/2 alcoholic potash, using phenol-

phthaleiu as indicator. Owing to the sparing solubility of the potassium

salt of the acid in alcohol, the solution must be kept near its boiling-point

during the titration ; and to avoid hydrolysis of the potassium-salt, addition

of water in the preparation of the alcoholic potash should be avoided. The

Acid Number was 73"3, and only a trace of ester was found (tlie saponification

number being 73'9).

The Iodine Number of the wax was determined by allowing 0'5 grm. wax,

dissolved in chloroform, to interact with 20 c.c.'s of the Hiibl-Waller Iodine

reagent for about 12 hours. The Iodine Number was 16-0, indicating the

presence of an unsaturated compound in the wax.

A small quantity of the wax was tested for resin, by boiling with nitric

' Zeitschr. fiir angewaudte Chemie, xiv. (1901), p. 1110.

2 Ibid., xiii. (1900), p. 556.

3 Chem. Eev., Fett- und Harz-Industrie, x. (1903), p. 277.

* Chem. Rev., Fett- uad Harz-Industrie, xv. (1908), p. 193.

2l2
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acid, cooling, diluting with water, and adding excess of ammonia ; the

.uon-development of a reddish-brown colour showed that the substance did

not contain resin.

By the action of sulphuric acid on the cold saturated solution of the

wax in acetic auliydride, the play of colours, characteristic of cholesterin,

was not obtained.

The percentage by weight of the acid in the wax was determined by

neutralization with alcoholic potash, addition of pure dry sand, evaporation

to dryness, and extraction of the unsaponifiable portion by warm, low-

boiling petroleum-ether in a Soxhlet apparatus.

A. 2 grammes Montana Wax gave 0-9410 grm. of unsaponifiable matter,

equivalent to 47'05 per cent.

B. '2 grammes Montana Was gave 0'9382 grm. unsaponifiable matter,

equivalent to 46'91 per cent.

The mean (47) of the two experiments is taken as the percentage of

unsaponifiable matter in Montana Wax, aud the percentage of acid is therefore

53. The unsaponifiable portion, extracted as described above, was found to

be free from potassium salts.

The Acid Number of the wax being 73'3, and the percentage of " free

acid " in it being 53, it follows that the Acid Number of the " free acid " in

the wax must be 138-3, and its molecular weight 406, assuming the acid to

be monobasic. Following von Boyen, we shall call tlie crude acid of

Montana Wax, Montanic Acid.

Moiitanic; Acid.—As it seemed probable that tlie crude acid constituent of

Montana Wax was a mixture of two or more acids, inasmuch as the molecular

weight, 406, would correspond to a formula—O27H51O2—containing an uneven

number of carbon atoms in the molecule, whereas tlie higher-saturated fatty

acids, which occur naturally, such as Arachidic, Behenic, Lignocerio, Cerotie,

and Melissic Acids, all contain even numbers of carbon atoms in their

molecules, we separated the potassium-salts of the acids from the sand by

extracting with hot water, and decomposed the resulting soap solution by

addition of a slight excess of dilute hydrochloric acid. The separated fatty

acid was neutralized with potash, evaporated to dryness, and exhausted with

petroleum-ether. The regenerated acid was dissolved in absolute alcohol (hot),

decolorized with animal charcoal, and filtered. The Montanic Acid, which

crystallized on cooling the alcoholic solution, was filtered, washed with

absolute alcohol and anhydrous ether, aud then dried in a steam-oven. It

melted sharply at 83° C, had an Acid Number of 13r6, corresponding to a
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molecular weight of 426 (OjgHseOo requires 424'45), aud gave on analysis the

following results :

—

0-1675 grm. subst. gave 0'4860 grm. CO, and 0-1985 grm. H.O.

C 79-13 H 13-17.

O^bH^cO, requires 79-24 H 13-21.

" Montanic " Acid, whose mean Acid Number is 138-3, consists therefore

mainly of an acid whose molecular weight is 424, with a smaller quantity of

acids of lower molecular weight.

The purified Montanic Acid is nearly insoluble in alcohol or ether, in the

cold, but readily soluble on warming with these solvents. It is slightly

soluble in cold, easily in hot chloroform, benzene, or petroleum-ether, from

which it crystallizes in curved needles.

Unmjjonifiable portion.—The unsaponifiable portion of Montana Wax
crystallizes from hot benzene in glistening scaly masses of fine curved

needles, having a specific gravity of 0-92 and M.P. 58-59° C. (uncorr.).

It is scarcely soluble in cold alcoliol or ether, is slightly soluble in

chloroform or petroleum-ether, and readily soluble in the hot solvents.

Unlike the saturated hydrocarbons, it dissolves easily in hot absolute alcohol.

Unlike the aleoliols, it was insoluble in hot acetic anhydride, with which

it did not react to form an acetyl derivative.

Two analyses of the imsaponifiable portion were made with the following

results ;

—

A. 0-1330 grm. subst. gave 0-4080 grm. CO,, and 0-1650 grm. 11,0

corresponding to C 83-66, H 13-79, 2-5 per cent.

B. 0-1250 grm. subst. gave 0-3830 grm. CO,, and 0-1575 grm. H^O
corresponding to C 83-56, H 14-0, 2-44 per cent.

The sum of the percentages of carbon and hydrogen being less tlian 100

forced us to conclude that the substance is not a pure hydrocarbon, and left

the question of its alcoholic nature still open.

The fact that acetic anhydride does not react with the unsaponifiable portion

to form an acetyl derivative showed that the wax cannot contain appreciable

quantities of primary or secondary alcohols. The absence of primary alcohols

was confirmed by us by another method :

—

When one of the higher primary alcohols is heated with potash-lime for

some hours to a temperature of 250° C, it is oxidized to the potassium-salt of

the corresponding acid. Thus myricyl alcohol gives potassium melissate and

hydrogen.

0,,H5,CH,0H + KOH = C,i,H59C00K + 2U,.
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The product of the action of potash-lime on the higlier primary alcohols

is therefore insoluble in petroleum-ether; while, on the other hand, when

the potash-lime is heated with hydrocarbons, no reaction takes place, and

the latter can be extracted from the residue by means of hot petroleum-

ether.

We liave already seen tliat Montana Wax contains 53 per cent, of

acid, and 47 per cent, of unsaponifiable matter. If the latter be an alcohol

(primary), the wax, when heated with potash-lime, should become completely

insoluble in petroleum-ether.

3'217 grms. of tlie unsaponifiable matter were heated for two hours to

250°C. with a mixture of potash and soda-lime ; and on extracting the residue

witli petroleum-etliei', 2'75 grms. of extract were obtained, corresponding

to 85"48 per cent, of liydrocarbons or other substances not fixable by potash

under the conditions of experiment.

The Hiibl-Waller Iodine Number of the unsaponifiable matter was

31'13 ; that for the crude acid was 4-9
; and assuming that the was contained

53 per cent, acid and 47 per cent, unsaponifiable matter, its Iodine Number

should be 17.2. Direct experiment gave 16'0 (v. siq)ra).

Similar results to tlie above were obtained with another specimen of

Montana Wax examined by us.

While engaged in the examination of Montana or Montau Wax, we

obtained a sample of a similar wax, called Montaniu Wax, which was

apparently of a similar cliemlcal composition to the former, but, nevertheless,

had very different physical properties. We can find no references to

Montaniu Wax in the literature.

Moiitanin Wax.—Montanin Wax is a white, hard was, capable of being

powdered in a mortar, of a higli melting-point (95-97° C), and having a

specific gravity 0-980 at 15^ 0. Its Acid Number was 56-9, Ester Number

I'O, and Saponification Number 57'9. Like the Montana Wax, it contains

only a trace of ester.

The percentage of unsaponifiable matter in the wax was determined by

the method described above.

1'4 grm. of wax gave 0'4866 grm. unsaponifiable matter, corresponding to

34"8 per cent.

The unsaponifiable portion melted at 58-59° 0., had a specific gravity of

0'92, did not react with acetic anhydride to form an acetate, and gave on

analysis the following results:

—

0-192 grm. sbst. gave 0-5895 grm. COo and 0-2430 grm. H,0, corre-

sponding to C 83-73, H 14-06, 2-21.
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The appearance, melting-point, specific gravity, Iodine Number (30'4),

and solubilities prove that it is identical with the unsaponifiable matter of

Montana or Moutan Wax.

We isolated the acid from Montaniu Wax, found that it melted at

83°0., and that in appearance and solubilities it was identical with Montanic

Acid. The Acid Number of the purified acid was 131-9 (C2,H5c03 requires

132-3).

The acid and unsaponifiable constituents of Montana and Moutanin

Waxes having been thus shown to be identical with the acid and

unsaponifiable constitituents of Montana Wax, it was not at oiice evident

why a decrease of 12 per cent, in the amount of unsaponifiable matter

present in the wax should raise the melting-point from 76 to 95° C, and alter

so completely the appearance of the wax. The Acid Number of Moutanin

Wax (56-9) being lower than that (73-3) of Montana Wax, it was apparent

that tlie former must contain a smaller percentage of free acid than the

latter ; and as the Montana Wax also contains a higher percentage of

unsaponifiable matter than the former, the Montanin Wax must contain a

substance, insoluble in petroleum-ether, which is not present in Montana

Wax.

After many experiments we found that a portion of Montanin Wax is

insoluble in cliloroforn), and that tlie wax, when burned, left an appreciable

quantity of ash, which consisted of sodium carbonate, with a trace of free

alkali.

5 grms. of Montanin Wax gave 0'1386 grm. ash, corresponding to

2772 per cent, ash, which on titration with N/2 IICl. was equivalent to

2-83 grms. Na^COj.

As it was apparent that the sodium was present in the Montanin

Wax as sodium moutanate, we determined the percentage of the latter in

the wax by the direct method (extraction of non-soapy matter by petroleum-

ether).

1'2500 grm. wax gave 0"9516 grm. extract, corresponding to 23-87 per

cent, of sodium salt. If we assume that the mean molecular weight

of the acid in Montanin Wax is the same as that (406) already found

above for the acid in Montana Wax, and calculate from the ash determina-

tion the percentage of sodium montanate in the wax, we find 23 per cent.,

which agrees approximately with the percentage (23-87) got by direct

determination.

With the same assumption we find from the Acid Number of Montanin

Wax (56-9) that the percentage of ' free acid ' in the wax is 41-14, while by

subtracting the sum (58-67) of the percentages of unsaponifiable matter (34-8)
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and sodium montanate (23'87) from 100, we find for the percentage of 'free

acid ' in Montana Wax 41'3'3.

The Hiibl-Waller Iodine Number of Montanin Wax was found to be 10-5,

while that calculated from the Iodine Number (30 '4) and percentage of

unsaponifiable matter in the wax is 10'6.

The direct and indirect determinations agree within the limits of

experimental error in fixing the composition of Montanin Wax as

—

Montanic acid
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and of its unsaponifiable portion (oS-SQ'' C.)—all of which agree fairly closely

with the corresponding constants for Montana Wax.

In conclusion, we wish to draw attention to the fact that Montana and

Montanin Waxes contain acids whose mean molecular weight is higher than

that of Cerotic Acid, and, therefore, that processes for the analysis of

Beeswax, which depend mainly on the estimation of the molecular weight of

the ' free acid,' cannot give correct results in the presence of Montana or

Montanin Waxes.
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and of its iinsaponifiable portion (58-59^ C.)—all of which agree fairly closely

with the corresponding constants for Montana "Wax.

In conclusion, we wish to draw attention to the fact that Montana and

Montanin Waxes contain acids whose mean molecular weight is higher than

that of Cerotie Acid, and, therefore, that processes for the analysis of

Beeswax, which depend mainly on the estimation of the molecular weight of

the ' free acid,' cannot give correct results in the presence of Montana or

Montanin Waxes.
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XXI.

THE ANALYSIS OF BEESWAX.

By HUGH RYAN, M.A., D.Sc, F.E.U.I.,

University College, Dublin.

[Read May 25. Ordered for Pulilicatiou June 8. Published July 17, 1909.]

If we regard beeswax as a secretion of the honey bee {Apis mellifica), we

should expect that the composition of the wax would be more or less

constant, and that it would to some extent depend on the variety of the

bee by which it was secreted.

The determination of constants, sixch as the melting-point, the specific

gravity, Acid Number, Ester Number, Ratio Number, and Iodine Number,

showed that the composition of genuine beeswax varies only between

comparatively narrow limits, while the composition of other waxes, such

as Indian Ghedda wax, secreted by Ajns clorsata, florea, and indica, and

bumble-bee wax, secreted by Bombus terrestris, may differ widely from that

of true beeswax. The following table illustrates the difference between

true beeswax and Indian Ghedda wax :

—
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position wax in cadulterated beeswax, it is simply necessary to find the

percentages of glycerides and hydrocarbons in the wax.

If, however, the glycerides (tallow or Japan wax] be replaced by
spermaceti or carnauba wax, the solution of the problem becomes more

difficult. For example, a sample of wax containing 1015 per cent, of

stearic acid, 58'12 per cent, of spermaceti, and 31-73 per cent, of parafiin,

will have Acid, Ester, and Iodine Numbers equal to the corresponding

Niimbers for beeswax, and in addition will, like beeswax, be free from

glycerides. The percentage (31-73) of hydrocarbons in the " composition
"

wax is, however, much higher than that (13) found in beeswax by

Buisine's method.

In the presence of carnauba wax the difference in the percentages of

hydrocarbons in the genuine wax and in the composition wax may be made
very much less. Such a composition wax will, however, contain a smaller

percentage of " free " acids than that which is present in genuine beeswax.

In fact, while the Acid Number of the " free " acids in genuine beeswax is

about 141-5, that of the "free" acid in the composition wax is usually

about 197, so that, in addition to determining the Acid and Ester Number of

the wax, it will be necessary to find the percentage by weight of the "free"

acid contained in it, in order to be able to calculate the Acid Number of the

"free" acid and the relative amounts of cerotic and stearic acids present,

from which the percentage of beeswax (if any) in the mixture can be

determined.

In a paper read before the Society of Public Analysts, in January, 1909,

Otto Hehner proposed a method for the determination of tlie percentage of

beeswax in complex wax mixtures, which is based on the assumption that

the molecular weight of cerotic acid is higher than that of any other " free
"

acid that may occur in composition waxes intended for the manufacture

of candles.

Simultaneously with, and independently of, Hehner, the principle

mentioned above, which is theoretically identical with that adopted by

the latter chemist, was used by me for the analj^sis of beeswax candles.

The method proposed by Hehner is, however, somewhat different in detail

from that adopted here.

Hehner determines the Acid Number of the wax, dissolves the soap

formed in the requisite quantity of warm water, removes the cake of " ester
"

which separates on cooling, and extracts the last traces of " ester" from the

soap solution by means of warm etlier. Tlie insoluble acids are then set

free from the soap, washed, and dried. The mean molecular weight of the

insoluble acids is determined by titration with alcoholic alkali ; and from

2 M 2
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this, by assuming that the mean molecular weight of tlie " cerotic " acid

of bleached beeswax is 407, and that of the " stearic " acid of commercial

" stearine" is 272, the relative quantities of " cerotic" and " stearic" acids

in the insoluble " free " acids can be calculated. From the mean molecular

weight of the " free " acids in the wax and the Acid Number of the wax, the

percentage by weight of the " free " acids, and therefore the percentage of

cerotic acid, can be deduced. Taking the percentage of cerotic acid in

bleached beeswax as 15'8 (a number higher than that— 13'32—which I have

found for unbleached beeswax by the method described further on), then by

multiplying the percentage of cerotic acid found in the wax by 6'3 the

percentage of beeswax in the mixture will be obtained.

In the method used by me the Acid Number of the wax is first found by

heating four grammes of the wax with sixty cubic centimetres of neutral

absolute alcohol in an Erlenmeyer flask of Jena glass until the alcoliol

begins to boil ; a few drops of phenol-phthalein are added, and the acidity

of the wax determined by neutralization with N/2 alcoholic potash. To the

warm mixture about 40 grammes of clean, dry sand are added, and the

contents of the flask are evaporated to dryness in a steam oven. The residue

is transferred as completely as possible to a Soxhlet filter-cone, which has

been previously dried in a steam oven ; the flask is washed out with some

warm dry sand and then with hot low-boiling petroleum-ether (the sand and

petroleum-ether being poured into the filter-cone, which has meanwhile been

placed in a Soxhlet extractor, to wliich a clean, dry, tared flask has been

attached). The " ester " is extracted for about four hours by low-boiling

petroleum-ether into the tared flask. The petroleum-etlier is distilled off,

and the flask is transferred to a steam oven, where the last traces of

petroleum-ether are removed by addition of a little anhydrous ether and

reheating until the weiglit becomes constant. The percentage of " ester
"

(petroleum-ether extract) is calculated; and by subtracting from 100, the

percentage by weight of the free acids in tlie wax is obtained. From the

latter number and the Acid Number of the wax, the Acid Number of the

free acids is calculated. Assuming that the only free acids in the wax are

crude cerotic and commercial stearic and palmitic acids, the percentage by

weight of the crude cerotic acid can be calculated on the assumption that its

mean Acid JSTumber for unbleached beeswax by the method above described

is 146, while the corresponding number for commercial stearic acid is 206.

By multiplying the percentage by weight of the crude cerotic acid by 7"5,

the percentage of unbleached beeswax in the sample will be found.

In many cases it will be desirable to find the percentage by weight of

the unsapouifiable matter in the wax, the number of cubic centimetres of
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hydrogen at normal temperature and pressure liberated by heating one

gramme of the wax with potash-lime to 250^0., the percentage of hydro-

carbons in it, and the mean molecular weight of the combined acids, in

addition to the Acid, Ester, and Iodine Numbers, and the percentage of

glycerine obtainable from it.

The following results were got with samples of beeswax' from widely

different portions of the Earth's surface, and show that genuine beeswax is

fairly constant in composition :

—
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gramme of carnauba wax, and 1'2 gramme of ceresiue. On examination

of the composition wax thus formed, by the metliods mentioned above,

I obtained results very similar to those got from genuine beeswax :

—
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petroleum-ether extract consists solely of ester, is 650, whereas that of

myricin (myricyl palmitate) is 676.

If myrioin has a molecular weight—676—agreeing with formula

G15H31 OOOCaoHei, cerotic acid a molecular weight 396, and if tlie average

Acid and Ester Numbers for beeswax be Acid Number 20, Ester

Number 75, then 100 grammes of beeswax should contain 14-11 per cent.

of cerotic acid, and 90-36 per cent, of myricin, making a total of 104'47 per

cent. ; so that it is obvious, as the gravimetric estimation indicated, that the

molecular weight of myricin (beeswax ester) must be less tlian 676. If in

addition beeswax contains about 13 per cent, of hydrocarbons, and 13-32 per

cent, of free acids, then the percentage of ester in the wax will not be more

than 73-68
; and as the mean Ester Number is 74-825, the molecular weight

of the ester will be only 554.

If the extract obtained by Buisine's method consists of hydrocarbons,

and the combined acid of beeswax be palmitic, the molecular weight of

"myricyl" alcohol is only 316, corresponding to the formula C21H43OH.

On the other hand, the oxidation of myricyl alcohol to melissic acid shows

that the formula for the alcohol is CaoHsjO (molecular weight 438). Further

experiments will be made with Buisine's apparatus, to determine the cause of

the apparent disagreement, which is probably due to the presence of alcohols

(other tlian primary) which are not converted into salts of the corresponding

acids when heated to 250" C. with potash-lime.
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petroleum-ether extract consists solely of ester, is 650, whereas that of

niyricin (myricyl palmitate) is 676.

If myrioin has a molecular weight—676—agreeing with formula

O15H31 OOOOsoHei, cerotic acid a molecular weight 396, and if the average

Acid and Ester Numbers for beeswax be Acid Number 20, Ester

Number 75, then 100 grammes of beeswax should contain 14-11 per cent.

of cerotic acid, and 90"36 per cent, of myricin, making a total of 104-47 per

cent. ; so that it is obvious, as the gravimetric estimation indicated, that the

molecular weight of myricin (beeswax ester) must be less tlian 676. If in

addition beeswax contains about 13 per cent, of hydrocarbons, and 13'32 per

cent, of free acids, then the percentage of ester in the wax will not be more

than 73-68
; and as the mean Ester Number is 74-825, tlie molecular weight

of the ester will be only 554.

If the extract obtained by Buisine's method consists of hydrocarbons,

and the combined acid of beeswax be palmitic, the molecular weight of

" myricyl " alcohol is only 316, corresponding to the formula C21H43OH.

On the other hand, the oxidation of myricyl alcohol to melissic acid shows

that the formula for the alcohol is CsoHboO (molecular weight 438). Further

experiments will be made witli Buisine's apparatus, to determine the cause of

the apparent disagreement, which is probably due to the presence of alcohols

(other than primary) whieli are not converted into salts of the corresponding

acids when heated to 250° 0. with potash-lime.
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ON THE VALUE OF BENZIDINE FOR THE DETECTION OF
MINUTE THACES OF BLOOD.

By E. J. McWEENEY, M.A., M.D. (RU.I.) ; D.P.H. ; F.E.C.P.I.

;

Professor of Pathology and Bacteriology in the Catholic University School of

Medicine, Dublin.

[Read June 22. Ordered for Publication July 13. Published August 14, 1909.]

Benzidine, the graphic formula of which is here presented,

CH—OH CtI=OH
// %. / \

NUo—

C

C—

C

C-H,N
\ /-%.//
CH=CH CH—Cli

is di-;j-diamino-diphenyl, first discovered by Zinin in 1845. It is a

colourless crystalline solid of melting-point 122° C
Being closely allied to aniline, NHz . OeHi . H, wliieh by oxidation yields

coloured products (oxidation of a mixture of aniline and toluidine by PbOa

resulted in the discovery of the first aniline dye by Perkin in 1856), benzi-

dine might naturally be expected to behave similarly ; and J. Wolff (1) finds

that, when an acetic acid solution of benzidine is treated with PbOs, a

beautiful blue colour is at once formed.

Allied to benzidine is dipheno-quinone,

I

—CoHi

—

CgH4—

1

0,

which is the motlier-substance of cserulignon (2),

OeH,(OCH3X-CeH,(OCH3).

Lo h
cferulignon,

a violet-blue powder, which is obtained in the purification of pure wood-

vinegar, the relation being somewhat analogous to that which holds between

aniline and its oxidation-product, quinone.

NIL.CeH4.H,
p-CeH,-T

.,!

' O O-J
aniline.

quiuone.
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Qp-TT (ortho), -which is the

active body in the well-known test with guaiacum resin and " ozonised ether,"

" oxydized turpentine," or peroxide of hydrogen solution, associated with the

names of Yan Deen and Schoenhein.' Oxidation of guaiacol produces a blue

base, probably of the nature of a di-pheno-quinone (cf. the formation of

cserulignon, supra).

The colour formed in the guaiacum test differs from the benzidine colour-

base in the same way as a phenol differs from an amine (aniline) or an

aurine dye from a rosaniline dye.

The first writers to draw attention to the behaviour of this class of

organic compound with blood were Oskar and Rudolf Adler (3), who found

that oxidation of many substances, such as aniline, diphenyl-amine, p. tolui-

dine, xylidine, o. m. and p. phenylene-diamine, phenol, o. m. and p. cresol,

thymol, pyrocatechin, guaiacol, resorcin, hydroquinone, orcine, pyrogallol,

phloroglucinol, salicylic, protocatechuic and gallic acids, henzkUne, tolidiue,

a and /3 naphthol, and naphthylamiue, by HjOo, in presence of blood, took place

with formation of brilliantly coloured products. They found that the most

satisfactory results were obtained from leuco-malachite-green and benzidine.

It has been found that ferrous and cui)rous salts, sulphocyanides and

oxidative ferments gave similar results.

My attention was first drawn to benzidine by a paper (4) in the Deutsche

med. Wochenschrift, 1906, by Schlesinger and Hoist, of Prof. Strauss's

Policlinic in Berlin, who found benzidine a most delicate means of demon-

strating minute traces of blood in faecal matter—much more delicate than

either of the tests hitherto employed for that purpose in clinical medicine

—

aloiu and guaiacum. It occurred to me tliat it might prove a valuable means

of discriminating blood-stains on clothing, &c. ; and having procured a sample

from Merck, and tried numerous experiments with it, I shall now proceed

to describe the technique of its use, and the results which I have obtained.

1. Technique.—An approximately saturated solution of benzidine is made

with glacial acetic acid by putting a knife-point full of the crystals into a

test-tube, followed by 3 or 4 c.c. of glacial acetic acid, and shaking till

solution is effected. Of the clear brownish liquid so produced about ^ c.c. is

transferred to a fresh test-tube, and about 2 c.c. HjOs solution (the 20 vol.

solution diluted with an equal part of water) added. The whitish opaque

mixture is the reagent ; and to it is added tlie material which it is desired to

examine for blood, even minute traces of which produce a fine blue colour.

The mixture of benzidine and hydrogen peroxide has a strong tendency to

' According to Doebner and Liicker, the blueing of guaiacum tincture is due to the oxidation of

guaiaconic acid CzoHsiiOs. [Archiv f. Fharmalc, ccxwv., 1896, pp. 234, 590.]
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turn blue spontaneously, the change usually coming on after about a minute.

In judging the result it is therefore advisable to have regard only to decided

tinges of blue coming on at once on addition of the suspected fluid or substance,

and, in case of doubt, to make up double the above specified amount of reagent,

and dividing it between two test-tubes, observe the reaction in one, keeping

the other as control. The test-tubes employed should be absolutely clean, as

the minutest traces of oxidizing agents (bleaohing-lime, plumbic oxide,

permanganate of potash) suffice to bring about the colour change. Later

on I shall have more to say regarding the fallacies of the test and the

mode of guarding against them.

2. Delicacy.—In a series of experiments, with accurately made-up decimal

dilutions of sheep's blood, I found that a specimen of benzidine from

Kalilbaum gave a distinct bluish-green reaction in a few seconds, with so

great a dilution as 1 in 500,000, whilst a control, put up with tap-water

instead of the blood-solution, did not begin to turn blue till two minutes

after admixture. At the end of five minutes there was hardly any difference

between the two tubes, both being a decided blue. I find, however, as the

result of a number of tests made with different preparations of benzidine,

and different test-tubes, that one cannot always be sure of avoiding pseudo-

reactions at so great a dilution, and I am in agreement with Schumm and

Westphal (5) that 1 in 200,000 is the greatest dilution, the recognition of

which by this test can be safely depended on. By comparative work with

freshly prepared guaiacum tincture and hydrogen peroxide, I found, using

the same solutions of blood, that the guaiacum ceased to react at 1 in 20,000.

Moreover, I find that the most distinct reaction with extremely dilute blood-

solutions can be had by superposition of the suspected solution on the surface

of the reagent. The blue zone which forms on the line of contact is quite

unmistakable.

3. Use in medieo-kcjal investujations.—But the real value of benzidine in

medico-legal work is its power of reacting, not with very dilute solutions

of blood, but with minute traces of blood in particulate form ; and this is

a point on which I desire to lay special emphasis, as I have not seen it

referred to in the literature. The material submitted in medico-legal work

consists practically always of suspected stains tliat have long since become

quite dry. The matter of which the stain is composed can usually be

obtained in particulate form by a process of scraping, and if the fine dust

so produced be allowed to fall on the surface of benzidine sol. + H2O2 freshly

mixed in a clean watch-glass, each particle, if composed of or containing

blood, at once betrays its nature by turning a vivid blue, and, as it goes

to solution, yielding a blue streak when the fluid is gently stirred. Should
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it be fovind impracticable to obtain a scraping, tbe fabric can be teased in

a drop of normal saline, tlie stained fibres removed to another slide, and

treated between slide and eoverglass with a drop of the reagent, when the

presence of blood at once reveals itself by the brilliant blue coloration of

the affected fibre. This is the most delicate test possible for minute

quantities of dried blood, and groups of a dozen or fewer shrivelled

and deformed red corpuscles can readily be picked out by its means.

Should there be available a little more of the stained material, the positive

benzidine test may be most readily corroborated by treating between slide

and eoverglass with 32 per cent, solution caustic potash or soda. This

renders visible tlie outlines of the individual red cells, and causes them to

separate from each other without producing distortion, so that they can be

readily recognized and measured. Moreover, the strong alkali makes the

little mass translucent, brings out its reddish colour, and transforms the

blood-pigment into hsemochromogen, which can be easily identified as such

by means of the micro-spectroscope. Should all the suspicious matter go to

solution during the initial microscopic examination, tlie best way to proceed

is to take it up in a fine glass tube, and then allow some of tlie benzidine

reagent to run up by capillarity, whereupon the blue colour, developing at

the line of junction between the fluids, at once reveals the presence of blood.

4. Sources of error.—We have first of all to guard against pseudo-

reactions due to the presence of oxydizing substances in the test-tubes and

other glass-ware used. I need hardly say that test-tubes that have been

used for urine-testing and have traces of copper solutions adherent to

their walls are quite unsuitable. Even the use of perfectly new test-tubes

does not always get rid of this source of error. I have occasionally met

with new test-tubes in which the benzidine + acetic acid at once struck

a most brilliant blue without addition of hydrogen peroxide—a phenomenon

due, no doubt, to the presence of plumbic oxide in or on the glass. Of course

such tubes must not be used. In general 1 think a few preliminary experi-

ments with the batch of test-tubes about to be used are advisable, and in

doubtful cases one-half of the quantity of reagent (acetic benzidine + H3O2

kept over, without addition, for comparison.

Coming now to the reactions given by benzidine with the substances most

likely to occur in the examination of specimens for forensic purposes, I find

that mliva does not give a typical reaction either when directly added

to the reagent or dried on filter-paper. Tiie same remark applies to naml

mucus and mucoid sjnituin, iffree from blood. I have on several occasions

tested spots of nasal mucus dried on a pocket-handkerchief without obtaining

more than a dirty greenish-blue tinge remaining localized, and without that
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tendency to diffuse, wLicli is eliaracteristic of tlie reaction as produced by

blood. Seminal stains yielded a pale blue to the naked eye ; but on teasing

the fabric in a drop of normal saline, and testing the resultant fluid under

the microscope, the spermatozoa failed to react.

Ptis strikes a deep blue colour, somewhat slowly. I am not sure to what

extent this is due to the leucocytes or to the traces of blood which are generally

present.

Urine I have hitherto tested once only, and that was a normal specimen.

It did not yield a blue reaction within tlie specified period.

Milk I have tested on three occasions, and I find that bluish streaks and

areas appear almost at once in the eoagulum produced by the acetic acid

present in the reagent. They showed no tendency, however, to diffuse, and

never became anything like so blue as those due to blood. Boiling the milk

did not seem to make any difference. Dried on filter-paper, and the stain

tested by imbibition, milk yields a dirty green tinge quite uuHke that of even

very dilute blood-solutions similarly treated.

Siveat I have not tested as such, but have frequently observed the effect

of benzidine on extracts of under-garments and socks tliat had been soaked

with perspiration. The reaction was always negative.

Fcecal matter I have not yet tested ; but, if derived from an ordinary meat

diet, it would, owing to ti'aoes of unaltered muscle-haemoglobin, undoubtedly

give the reaction. It takes two days on a diet free from meat before the

faeces are free from haemoglobin (Schlesinger and Hoist, loc. cit.).

In addition to these body-fluids I have also tested from time to time most

of the substances likely to occur as substrata to blood-stains. Metallic iron

en masse, or coarsely divided (iron fllings), does not yield a blue colour, but

after a few seconds gives a diffuse bright brown coloration. Rust gives the

same result. Such specimens of woollen, linen, and cotton as I have tested

do not yield the blue reaction, nor do wood, plaster, stone, or leather.

These are the substances most likely to be met with in medico-legal

practice ; and I cannot say that I have found any one of them to give a

reaction which, with reasonable care, technique, and experience, could be

mistaken for that of blood.

I come now to a class of objects which, with benzidine, yield colour

reactions of a most intense character, quite similar and indeed exceeding

those given by blood—I refer to fresh vegetables and fruits. If on a freshly

cut surface of raw potato, white turnip, tomato, or onion, some acetic solution

of benzidine be dropped, and after a moment followed by a drop or two of

hydrogen peroxide, a most brilliant blue colour is, within a few seconds,

developed, beginning in the fibro-vascular bundles. These appear distinctly
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mapped out as blue dots or streaks according as tliey are out crosswise or in

their length. The subcortical layer is in most cases stained, tliough more
slowly, an intense blue. After a few moments the colour spreads to the

whole of the cut surface and the pattern is obliterated.

Subjoined is a list of the vegetables and fruits which I have so far tested,

with the results obtained :—

Potato : diffuse deep blue at once.

White Turnip : beautifully distinct patterns of the fibro-vascular bundles

picked out in deep blue on a white ground.

Tomato : irregularly distributed f.-v. bundles clearly picked out, sub-cortical

and pericarpal tissues deep blue.

Onion : remarkably distinct pattern of concentric circles and dots corre-

sponding with the unopened leaves and f.-v. bundles of the bulb.

Carrot : very slight reaction.

Pea : beautifully distinct mapping-out of the in-folded cotyledons and

f.-v. bundles of the embryo.

Radish : distinct pattern.

Apple : reaction slow to come on ; violet tinge.

Banana : distinct though slow mapping out of tlie fibro-vascular tissues.

Strawberry : Isolated f.-v. bundles picked out.

Orange : very little change.

Cherry : change also slight.

This effect is evidently due to powerful oxydases present in the fibro-

vascular bundles. The layer of test-fluid covering the cut surface is at first

locally tinged, corresponding to the bundles, and then diffusely, whereupon

the whole cut surface becomes uniformly stained.

Such fresh vegetable matters do not occur iu medico-legal practice, and

are not, I think, liable to cause error. Still the question must be solved

whether and to what extent the reaction would be yielded by fragments of

such vegetable parenchyma when dried. The only experiment I have

hitherto made was with a slice of potato dried at 37° in the incubator and

tested next day. The scrapings struck a faint greenish blue with the

benzidine reagent—quite unlike the colour given by blood.

I have found that boiling the vegetables in water for a few minutes

destroys their power of affecting the change of colour, owing, no doubt, to

the destruction of the oxydase. Even weak solutions of blood (1 : 1000),

however, yield the reaction after boiling for ten minutes quite as well as

before.

The proposal has been made by Einhorn of New York (6) to employ
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benzidine-paper as a test for blood in clinical work. He uses strips of filter-

paper that have been soaked in the acetic solution of benzidine and dried.

The slip is moistened with the fluid to be tested, and a few drops of

hydrogen peroxide di'opped on. I have not as yet enough experience of this

method to enable me to speak with certainty as to its merits. But such

experiments as I have tried—about a dozen—with benzidine-paper have not

been encouraging. I find that when H2O2, is dropped on to benzidine paper,

without addition of any suspected fluid, greenish to bluish tinges make their

appearance quite regularly as the paper dries, and give rise to doubt.

Whatever be the value of the method for clinical purposes, I consider that

for medico-legal work it is far inferior to the direct use of solution in

ordinary or capillary tubes. Eiiihorn records an observation which I

thought it well to repeat. In testing the efi'ect of various food-stuffs on

benzidine he observed that porridge {Griitze) boiled with water or milk

at once yielded the blue reaction with benzidine-paper. I have tried the

effect of porridge made with " flake oatmeal " on the benzidine reagent in

test-tubes, both with and without milk, and have obtained a practically

negative result.

Another method of using benzidine is in alcoholic solution. This is the

way recommended by Ascarelli of the Institute for Legal Medicine at

Rome (7). He mixes about 2 c.c. of the saturated solution in absolute

alcohol and H2O2, and adds a few drops of glacial acetic acid. With this

reagent he obtains reliable positive results with blood-solutions as weak as

1 : 250,000. I can only say that my experience of alcoholic solutions of

benzidine has not been satisfactory. In my hands they have proved capricious

and occasionally insensitive.

An objection urged against the test by Schumm (8) is that samples or the

substance obtained from the most reliable sources vary considerably in their

delicacy. Of fourteen samples obtained from Merck he found that three

were sensitive up to 1 : 200,000, whilst two did not reach beyond 1 : 50,000,

and nine gave only a dirty red coloration with 1 : 10,000. Of two pre-

parations from Kahlbaum one was sensitive up to 1 : 2,000,000 (!), the other

to 50,000.

My own experience on this point is limited to tliree preparations, two

from Merck and one from Kahlbaum. I found that one from the first-

named source was very sensitive at first; but after standing in a corked bottle

in the laboratory for over a year it liad turned a faint pink, and was insensitive

at 1 : 10,000. The other Merck preparation was, when fresh, sensitive up to

1 : 50,000, not beyond. The Kahlbaum product reacted up to 1 : 500,000

(controlled by addition of pure water to the other half of the test-solution).
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I will now formulate the conclusions at which I liave arrived as the

result of my three years' experience of benzidine :

—

1. In tliis substance we have the most delicate reagent for blood hitherto

discovered.

2. Ou contact with benzidine in acetic acid solution + H2O2, dried blood

in particulate form from stains, &c., at once assumes a deep blue colour vi'hich

is quite distinctive.

3. None of the secretions and excretions hitherto tested, and none of the

substances more frequently occurring in medico-legal practice, have been found

to behave towards benzidine in the same way as blood.

4. Precisely similar reactions are given by many freshly cut vegetables

and fruits ; but these are eliminated by boiling, whereas the reaction given

by blood-solutions is unimpaired by boiling for ten minutes.

5. When testing very dilute solutions of blood (weaker tiian 1 : 50,000),

tlie test fluid should be divided and one-half kept as a control. No regard

should be paid to colour-changes coming on after tiie lapse of one minute

from the time of admixture.

6. Whilst emphasizing the fact that I have hitherto met with no substance

reacting witii benzidine in the same way as blood, I do not suggest (as does

Asearelli [loc. cit. sub fin.'], that positive results with benzidine should be

looked upon as absohifehj conclusice proof oi the presence of blood. Negative

results may, however, safely be taken as proving its absence. For the

present, until our experience has matured, I am of opinion that positive

results with benzidine require confirmation by otlier methods (e.g., microscopic

demonstration of the corpuscles, htemin crystals, the spectroscope).

7. Benzidine is much superior to guaiacum as a preliminary test, and

forms an important and most useful addition to the armamentarium of the

medical jurist.

I desire, in conclusion, to gratefully acknowledge the assistance I have

received from Prof. H. E.yan, d.sc, f.h.u.i,, on the chemical side of this

paper.

[During and after the reading of the paper, the effect of the benzidine

test on dilute solutions of blood, as well as on fresh vegetables and fruits,

was demonstrated.]

SCIENT. PEOC. E.D.S., VOL, XII., NO. XXII. 2o
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XXIII.

ON THE FOSSIL HARE OF THE OSSIFEROUS FISSURES OF

IGHTHAM, KENT, AND ON THE RECENT HARES OF THE
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By martin a. 0. HINTON.

[communicated by R. F. SCHARFF, PH.D., B.SC]

(Plate XV.)

[Read June 22. Ordered for Publication July 13. Published Septembek 8, 1909.]

In 1894 Mr. E. T. Newton published an account of the numerous bones of

the Hare which had been obtained by Mr. W. J. Lewis Abbott from the

Pleistocene deposit filling the fissures in the Kentisli Rag at Ightham, Kent

;

and he referred these remains to Lejncs europceus, Pallas.' In a later paper

Newton, with the advantage of further material illustrating the dentition,

came to a different conclusion, and referred many of the fossil bones from

Ightham, notwithstanding their robust proportions, to L. variabilis, Pallas.-

After the publication of Newton's second paper*, the work of collecting

from the Ightham fissures was continued by Mr. Lewis Abbott, and by

Messrs. Corner and Kennard. The former geologist obtained, besides a

large number of additional Hare bones and skull fragments, a very fine

skull with the lower jaw complete ; whilst his successors were so fortunate

as to receive a nearly perfect skull, both mandibular rami, and a complete

set of the more important limb-bones, together with some ribs and vertebrie,

all belonging to one individual. This skeleton was found in the " Wolf

"

fissure at Ightham at a depth of nearly eighty feet from the surface.

My best thanks are due to the three gentlemen above-named for entrusting

me with this magnificent material, and for permitting me to describe it

here. I have also to thank Dr. C. I. Forsyth Major, f.k.s., Mr. Gerrit S.

Miller, Jun., of the United States National Museum, Mr. Oldfield

Thomas, f.r.s., and Professor Keith for much kind heli^.

I should state at the outset that I prefer to follow the lead of Winge and

Newton by retaining the name of L. variabilis, Pallas, for the Snow or Vary-

' Newton, Quart. Journ. Ocol. Soo., vol. 1., p. 193. - Il>icl., vol. Iv., p. 421.

sciENT. PROC. R.D.S., VOL. xn., NO. xxin. 2p
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ing Hare. The use of the name " L. timidus," Linn^, for tliis species after

its long if erroneous application to L. europmus, Pallas, can only serve to confuse

matters. It would indeed be well if the systematists could be induced to

realize that science is concerned with things rather than with their names,

and that the " balance of convenience " is as worthy of consideration in

natural as it is in legal science.

Fortunately I need not trouble to deal with all the previous discoveries

of fossil remains of the Hare in the Pleistocene deposits of Britain ; because

Forsyth Major, in preparing his catalogue of the fossil Rodentia in the

British Museum, has already had occasion to examine them ; and he has stated

that, as the result of his researclies, all the Pleistocene Hare-remains from this

country hitherto discovered, and determinable with certainty, are referable to

L. variabilis, Pallas, and tliat L. etiropcem, Pall., is probably to bo regarded ns

a much more recent introduction.^

The Skui.l.

For the purposes of comparison, the fine series of skulls in the British

Museum and those in the Museum of the Royal College of Surgeons have

been used. Besides the measurements recorded in the tables, many others

were taken ; but only those useful in connexion witli tlie fossil material

before me are here preserved.

Many different characters have been cited by different authors' as dis-

tinguishing the skull of L. variabilis from that of L. europceus ; but after

carefully considering them all, I have come to the conclusioia that as regards

the form, only those mentioned by Winge^ and Lonnberg* are at all

diagnostic.

In L. variabilis the frontals behind the superciliary processes are both

absolutely and relatively broader than in L. europmis.^ This feature

appears to be very constant, for, in the large series of variabilis crania

1 FoKSYTK Major, Geol. Muff., N.S., dec. v., vol. cxliii., p. 10.

^ For references see Bibliography given by Heschelek, "Die Tierreste im Kesslerloch bei

Thaiingen." Neue Denkschr. d. allgem. Schweizer, Gesell. f. d. Gesamt Natur., Bund sliii, p. 152,

and in Hilzheimeh, " Die Hasenarten Europas," Jahreshcfte des Vereins fiir vaterl. Naturhinde

in Wiirtt., 1908, p. 418.

2 WiNGE, " Grbnlands Pattedyr," Meddeleher om Gronknd, xxi.,pp. 357, 375-382, 1902; and
" Pattedyr '' (Saiimarks Fauna), 1908, pp. 56-62.

*" LoNNJiERG, Proc. Zool. Soc, 1905, vol. 1., p. 280. Nathusius has given excellent figures of

two Hare skulls in his paper, " Ueber die sogenannten Leporiden." The subject of fig. 1 of his

plates is rightly referred to L. europcuus [L. " timidus "] ; but the subject of fig. 2, also refen-ed to

the " Feldhase, " is in reality referable to Z. variabilis, as is evident fI'oni the form and measure-

ments (see Table III., p. 236).

» LONNHERO, op. Cit., p. 281.
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examined by me, in only one instance, viz., a skull of L. var. hibernicm

(B. M. 3. 1. 28. 1), is an approach towards the constriction of the temporal

region of L. europceus seen.

A still more important character is that afforded by the anterior part of

the zygoma. The malar is frequently deeper in L. variabilis than in L.

europceus ; and the groove on its outer surface lodging the deep part of tlie

masseter lateralis extends further forwards in the former species than it does

in tlie latter. If one measures the least distance between the anterior edge

of this groove and the front vertical border of the zygoma, one finds that it

is considerably less than the vertical height of the zygoma measured in the

same region in L. variabilis, whereas the converse condition is found in L.

europceus.^ Hilzheimer" lias stated this to be inconstant ; but he has, in my
opinion, confused skulls of L. variabilis with those of L. europceus ; at any

rate, in tlie material before me the distinction is quite clear.

Winge'' and Lonnberg^ have given some further characters relating

to tlie length, breadth, aud form of the nasals in the two species, and tliese

appear to me to be borne out by the material. Another important cliaracter,

first pointed out by Woldrich,* and more recently by Winge," is that, while

in L. europceus the anterior upper incisor is quite confined to the premaxillary,

in L. variabilis this tooth extends its alveolus backwards, so as to impinge

upon or just enter the maxillary bone ; and its termination is marked by a

palatal swelling whicli is absent in L. europceus.

After the Tables I. aud II. had been drawn up, I received from

Dr. Hilzheimer a copy of his recent paper. The " Basilarlauge " of his

table of measurements' is a different measurement from the " basal length
"

as liere given. In my tables the measurement expresses the distance between

the anterior margin of the foramen magnum and the most anterior point of

the premaxillary. Certain of Hilzheimer's measurements do correspond with

mine ; and in order to compare them, the measurements in question were

reduced to values of the "extreme length" taken as 100. The results of

this comparison are summarized in Table III. ; aud attention is here called

to this summary, as it serves to bring out certain differences of proportion

which characterize the skulls of the two species with great clearness. It

would appear from the table that the zygomatic breadth and least frontal

' LoNNEEHG, op. cit., p. 280.

- Hilzheimer, op. cit,, p. 406.

3 WiNGE, " Gronlands Pattedyr," p. 358 ;
" Pattedyr," pp. 58, 61.

* LoNNBERG, op. cit., p. 280.

» WoLDRiCH, Sitzb. d. k. akad. Wien. math.-nat. 01. , Isxxiv., Bd. 1, Abt., p. 220.

^ WiNGE, " Gronlands Pattedyr," p. 358 ;
" Pattedyr," pp. 58, 61.

" Hilzheimer, op. cit., pp. 416, 417.

2p2
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width are almost constantly, and the width of the brain-case very frequently,

greater proportionally in L. vanabilis typicus, as compared with the corre-

sponding measurements in L. europmis, and that the diastema is usually

proportionally shorter, and the molar series proportionally longer, in the

former species than in the latter.

Turning now to the fossil skulls from Ightham, that in the collection of

Messrs. Corner and Kennard is associated, as already stated, with the greater

part of the skeleton. Except for the fact that the nasals are wanting, it is

perfect, and has all the teeth in place. The general form, the little constricted

temporal region (PL XV., figs. 1-4), the form of the anterior part of

the zygoma (PI. XV., fig. 4), the measurements recorded in the

Tables 1-3, as well as the characters yielded by the dentition and lower

jaw, to be discussed later, all agree in proving this skull to be referable to

a form of L. variabilis.

The skull in the collection of Mr. Lewis Abbott is a little larger than that

just described ; and it comes from a somewhat older animal, the sutures being

more tightly closed. The zygomatic arches are broken off just behind their

maxillary roots ; and the upper rim of the right orbit is broken away. The

face has been crushed in, and not very skilfully restored, which may account

for some slight differences in the proportional measurements. In form this

skull agrees perfectly with the fossil already described ; and it is referable to

a form of L. variabilis. The nasals, which are here fortunately preserved,

enable us to complete the comparison. Their greatest length is about equal

to the length of the sagittal suture of the frontals, and their upper surfaces

are sharply bent upon the planes of the outer surfaces (PI. XV., fig. 5).

The foremost upper incisors distinctly extend backwards into the maxillaries.

Sanford long ago described a fossil skull from one of the Somerset

caves,' referring it to L. diliivianus, Pictet.- He pointed out that the

zygoma and superciliary processes were much as in the Polar Hare [L. var.

arcticus) ; and it is evident from his figure that the skull in question is to be

referred to the variabilis group. A comparison of the Ightham skulls with

Sanford's figure shows that all three skulls are to be referred to one and the

same form, although the measurements recorded by Sanford, when reduced,

are somewhat different from those of the Ightham specimens—differences

which are, perhaps, best accounted for by the differences in the methods of

measurement employed.

The large size of these fossil skulls is equalled only by that of the skulls

of the sub-species Jv. var. grcenlandiciis, L. var. ainu, and-t. var. tschuMscliorum.

' Sanford, Quart. Jouni. Geol. Soc, vol. xxvi, p. 126, PL viii., fig. 5.

^ PiCTHT, Traite EUmentaire de Paleontologie, 1844, t. i., p. 207.
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The skull of L. var. gnenlandicus^ is at once distinguished by the form of

the rostrum and the curiously straiglitened upper incisors, which project far in

front of the nasals. The incisors of the Ightliam skulls, and those from

Zuzlawitz (Pleistocene), according to Woldricl),^ when compared witli the

Alpine, Scotch, and Irish forms of L. variabilis, are seen to be straighter

;

but this straiglitening is very much less than is seen in L. var. r/nenlandicus.

L. var. ainu^ has the brain-case proportionally very narrow ; and the

extreme length, compared with the basal length, is very short. L. var.

tschuktschoram^ is characterized by its great zygomatic breadth.

In his description of the Somerset skull, Sauford says'^ :
—"The frontals

differ in form from tliose of every hare witli which we have compared them,

with the exception of the much smaller form, L. altaious, of the British

Museum Catalogue ; but in the skulls of this animal the post-orbital processes

are much less developed, and do not extend so far back as the parietals, with

whicli tliese processes coalesce in the fossil." In the smaller of the two skulls,

labelled L. " aUaicus" in the British Museum (Zool. Dept., No. 50. 5. 28. 3),

which is the one, I think, that Sauford had in mind, the constricted temporal

part of the frontals is short antero-posteriorly, so that the brain-case appears

rather abruptly truncated in front ; and the fossil skulls from Ightham are

similar in this respect. But one finds the same frontal form together witli the

very massive superciliary processes (which characterize not only the Somerset

but the Ightham skulls) frequently in the skulls of L. variabilis scoticus, and

occasionally in those of L. var. hibernicus. When viewed from the front, the

superciliary processes of the Ightham skulls rise more gently from the frontal

surface, and the median convexity of the frontal is less bold tlian in L. var.

scoticus, so that the superior transverse contour appears flatter in tlie fossil

skulls ; and in this respect they agree exactly with L. var. hibernicus (PI. XV.,

fig. 3).

As regards size, the skulls of L. var. scoticus are smaller than those of

L. var. hibernicus ; and these again are smaller than the fossil skulls. If the

1 Lyon, " Smithsonian Miscellaneous Collections," vol. xlv., pis. 80 and 81, fig. 7. This is the

name by which Rhoada proposes to distinguish the Greenland Hares from those inhabiting the western

coast of Davis Straits. Winge, however, says that there is no specific distinction, and that Rhoads

has only seen the extreme form of the Greenland Hare (Gronlands Pattedyr, p. 373). Judging from

the material before me, both the highly specialized form which Ehoads calls Z. grmnlandiciis, and the

more normal form, for which he uses Jioss'sname of L. arcticus (= L. glacialis Leach), and which he

only knows from the regions west of Davis Straits, inhabit Greenland. I agree with Winge that

there is no specific distinction between them ; but as the two forms are very different iu skull, I think

it better, at all events for the present, to keep them apart as sub-species of L. variabilis.

= "WoLDKiCH, Sitzb. d. k. Akad. Wien. math.-nat. CI., Ixxxii. Bd., ii. Abt., p. 15. Winge,

" Gronlands Pattedyr," pp. 358 and 376-378.

' Barrett-Hamilton, Proc. Zool. Soc, 1900, p. 90.

• I/Yo.v, loc, cit., fig. 3.

^ Sanford, Quart. Journ. Geol. Soc, vol. xxvi., p. 127.
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proportional measurements (Table II.) be compared, it will be seen that tlie

Igbtham skulls most closely correspond with those of the Irish Hare. The

skulls here referred to, L. var. arcticus, Ross (= L. glacialis. Leach) ,
principally

differ in their somewhat greater zygomatic breadth. L. var. varronis^ also

comes near to the fossils as regards the temporal part of tlie frontals and the

form of the brain-case ; but it is distinguished by its much smaller size and

by the much gentler way in which the sides of the post-palatine vacuity fall

away from the inner alveolar border.

As what I have to say about Hilzheimer's^ classification of the European

Hares depends principally upon the skulls, it will be convenient to deal witli

it here before passing on to the consideration of the lower jaw. Hilzheimer

distinguishes three species of Hare as inhabiting the European mainland and

Britain, viz., L. variabilis, Pall (= timidtis, Linn.), L. curopmus, Pall, and

L. medius, Nilsson.

Blasius long ago gave a good account of L. medius, Nilss.,^ and of

L. aquilonius, Bias., and L. crispicus, Ehrenberg (the two latter forms being

regarded by Hilzheimer as subspecies of L. medius, Nilss.) ; and he showed

conclusively tliat these three forms were nearly allied to each other, that

cranially they were, according to the then prevalent idea of the nature of

species, indistinguishable from L. europceus, and that in fact they were merely

climatic pelage pliases characteristic of tlie northern and eastern parts of the

range of L. europceus. That Blasius' opinion as to the cranial identity of

" L. medius " with L. europceus is correct is proved by a reference to the

analysis of Hilzheimer's measurements of the skulls from Sarepta,* which

he regards as probably referable to L. caspicus, Ehrenberg, given in Table III.

of the present paper. Except that the molar series is a trifle shorter, there

is nothing to distinguish L. " medius " caspicus from L. europceus typicus.

Further, it may be mentioned here tliat the two skulls from Sarepta

mentioned by Hilzheimer'* as possibly referable to " L. timidus " [= variabilis']

{"'i hyemalis"), are unquestionably to my mind referable to a form of

L. europceus, and probably are identical with L. e. caspicus, the proportional

values for these specimens being, in the order of Table III. :—100 (100),

48-1 (45-5), 33-4 (32-3), 13-25 (14-15), 31-4 (31-4), and 17-2 (17-2).

Hilzheimer does not stop, however, at recognizing L. ^^ medius" and its

two allies as forming a distinct species. He extends L. " medius " to include

' Lyon, loc. ci(., fig. 8,

- Hilzheimer, Jahreshefte des Vereins Jiir vaterl. Nattirk. in Wiirtt., 1908, p. 384.

^ Blasius, " Sawgethiere Deutschlands," 1857, p. 414.

^ HlLZHEIMEK, op. cit., p. 416.

' HlLZHEIMEK, op, cit., pp. 409-417.
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1

what in no view of tlie value of that "species" it can include, viz., forms

really belonging to the variahiUs group. The forms which he thus regards

as sub-species of L. " medius " are L. var. varronis. Miller, L. var. breviauritus

Hilz., and L. var. scoticm, Hilz.' With regard to tlie first two I think a

glance at Table III. will show that they are referable to the variabilis group.

The ease of L. var, scoiiciis demands rather more notice here, because it is

of importance to our present object. Hilzheimer bases his description on
specimens from the north of Scotland collected in 1855, and the account of

the pelage agrees very well with the summer and winter coats of the Scotch

mountain hare. In the " Anmerkung " he proceeds :
—" Barrett-Hamilton

stellt diesen Hasen zu L. iimidus [i.e., variabilis], da er keinen TJnterschied

finden kann. Bei beiden schottischen Exemplaren der Strassburger

Sammlung, die das Sommerkleid haben, ist der Sehwanz oberseits schwarz,

wahrend er bei den drei entsprechenden Stockholmer Stiicken weiss ist.

Audi werden die Ohren der Schotten ira Winter nicht ganz weiss."^ All

turns here upon what is to be understood as a " black " upper side to the tail.

The tail of the summer coat of L. var. scoticus is certainly darker above than

below, but it is not black, as is the tail of L. curopmis or " L. medius," and in

no way can it be called bicoloured. Further, it is curious to note that

Hilzheitoer leaves L. var. hibernicus, whieli is darker still, and which becomes

still less white in winter, as a subspecies of L. variabilis (= iimidus, Linn.).' It

may be, however, that Hilzheimer has described the "black" tail from a

Scotch skin of L. europmis, because a little later he states erroneously that

L. europceus does not occur in Scotland.* Be this as it may, there can be no

doubt that the Scotch mountain Hare is referable to L. variabilis, as is proved

by the skull, although it has certain features peculiar to itself which are

deserving of subspecific recognition. Hilzheimer's name of ^^ scoticus" is

therefore retained here for the subspecies.

' HiLZHEiMEK, op. cU., pp. 3S9-392. 3 Op. cit., p. 387.
= HiLZHEijiEit, 0^). «<., p. 389. - * 0^. dd., p. 393.

[Tables.
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Table I.

—

Measurements of

Ightham
Fossil.

o

1. Basal length, .

.

2. Extreme length,

3. Zygomatic breadth, ,.

4. Width of hraiucase midway between ear and zygoma,

5. Distance between anterior border of foramen magnum
and plane of posterior edges of ra. 3.

6. Least -width of frontals behind superciliary processes,

7. Extreme width of frontals across superciliary pro-

cesses.

8. Width of nasals at point Avhere frontal, nasal, and

premaxillary come in contact.

9. "Vertical diameter of malar, ..

10. Length of Diasteme, .

.

11. Alveolar length of molar series,

12. Width between inner edges of ra. 3, .

.

13. Width between inner edges of p. 3,

14. Width between outer edges of alveolar walls between

m. 1 and p. 1,

S3

103-2

50-6

35-1

32-2

16-5

37-5

20-3

10-0

29-6

19-1

17-4

H-7

29-0

85-8

103-8

i. var. hibernicm.

British Museum.

Wc

41-6

Ca

28-2

19-9

18-3

14-8

29-5

33-3

22-8

10-0

32-3

19-5

79-1

98-5

48-2

33-4

29-8

13-9

34

Ca

21-0

7-S

28-0

18-6

16-0

13-4

27-5

76-6

95-0

45-8

32-4

29-0

16-5

32-6

20-8

9-7

20-0

18-4

16-4

12-0

28-4

tii-l

75-9

94-0

45-7

32-1

28-8

15-2

33-3

18-6

8-7

27-0

18-1

15-9

13-3

26-9

74-4

92-0

45-1

33-0

29-0

16-6

18-5

8-0

25-0

17-5

15-6

12-8

72-0

89-3

45-4

31-"

27-9

17-8

33-1

24-7

17-6

15-1

;

12-1

26-0
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Table II.

—

Measukements of Skulls

Ightham
Fossil.

L. var. hiberiiicus.

British Museum.

1. Basal length, ,,

2. Extreme length,

3. Zygomatic breadth,

i. "Width of hraincase midway between ear and zygoma,

5. Distance between anterior border of foramen magnum
and plane of posterior edges of m. 3.

6. Least width of frentals behind superciliary processes,

7. Extreme width of frontals across superciliary pro-
cesses,

8. "Width of nasals at point where frontal, nasal, and
premaxUlary come in contact.

9. Vertical diameter of malar,

10. Length of diasteme,

11. Alveolar length of malar series,

12. Width between inner edges of m. 3,

13. "Width between inner edges of p. 3,

14. Width between outer edges of alveolar walls between
m. 1 and p. 1.

100

124

61-0

42'3

38-8

19-9

45-2

24-5

r2'05

35-7

23-0

21-0

17-7

34-9

32-9

23-2

21-4

17-3

34-4

100

126-6

68-5

38-3

26-2

11-5

37'1

22-4

100

124-5

61-0

42-2

37-7

17-6

43-0

26-6

9-88

35-4

23-5

20-25

16-95

34-8

100

124

59-9

42-3

38-5

21-6

42-6

27-2

12-7

34-0

24-0

21-4

15-7

37-1

100

124

60-3

42-3

38-0

20-0

43-9

24-5

11-5

35-6

23-9

21-0

17-5

35-4

100

123-5

60-6

44-4

390

22-3

24-8

10-75

33-6

23-5

21-0

17-2

36-3

100

124

63-0

44-0

38-7

24-7

45-9

27-5

11-0

34-4

24-5

21-0

16-8

36-1
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REDUCED TO BaSAL LENGTH = 100.

L. I'm: seoticus.
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Lower Jaw.

The lower jaws of both the fossil skulls described above from the Ightham

Fissure are preserved ; and they yield important evidence confirming the

reference of these remains to the L. variabilis group. (PI. XV., figs.

6 and 7.)

Winge has pointed out that the molar teeth are somewhat more hypsodont

in L. variabilis than in L. europmus ;^ and a reference to the proportional

measurements recorded in Table IV. will show that correlated with this

greater hypsodonty there is an increase of all dimensions of lieight in the

lower jaw of the former group as compared with that of the latter. The

measurement " 5", which expresses the distance between the hinder edge of

the alveolus of the last molar and the hindermost point of the condylar

process, appears to be of some importance. With the exception of the higlily

modified L. var. grmnlandicus, this dimension appears to be constantly greater

iu L. variabilis than in L. eiiropceus, and its value increases in young indi-

viduals. The jaws from Ightham, which are adult, behave in this respect as

the recent young jaws. Again excepting L. var. groenlandicus, the diasteme

appears constantly if minutely shorter iu L. variabilis than in L. eiiropwtts.

With regard to form, Woldrich- has stated that in L. variabilis the anterior

margin of the ascending ramus rises somewhat more steeply from the alveolar

border than in L. europxeus ; and Hilzheimer^ has added that in the latter

species the inferior margin of the ramus is usually straighter, and not so convex

as in the former. These characters appear to me to be fairly constant, but

the most diagnostic are those furnished by the proportions and by the

dentition described below.

1 Winge, " Gronlands Pattedyr," p. 358 ; and Danmarks Fauna, "Pattedyr," p. 58.

^ Woldrich, Sitzungsb d. k. Akad. d. Wien. math. nat. CI., Ixxxiv. Bd., 1 Abth., p. 222. The

measurements of the jaw from Zuzlawitz included in Table IV. are given in Woldrich's first paper

:

ib., Ixxxii., Bd., 11 Abth., p. 16.

^ HiLZHEIMER, op. cU., pp. 408-9.

[Table IV.
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Table IV.

—

Measurements of
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Dentition.

TJlpper Incisors.—The front upper incisors of the L. variahilis group are

pretty constantly narrower than those of L. euro^M'us ; and they usually have

tlie longitudinal groove on the anterior surface deeper and narrower.

Forsyth Major' has pointed out that this groove has a more or less complete

filling of cement in the former group ; whilst in L. europcetis no trace of cement

is to be found in the incisor groove. To tliis rule there are, however, certain

exceptions. Thus Winge^ mentions a case of L. variabilis (var. glacialis, or

var. grcenJandicus) in which he could find no cement ; and Dr. Forsyth Major

tells me that lie has since seen a young specimen of L. europcetis which had a

little cement in the incisor groove. Occasionally the cement is present in

such force as to quite obliterate the incisor groove in L. variabilis.^

In both the fossil skulls from Ightham, described above, the anterior

upper incisors are narrow and have cement in their anterior grooves, and

similar characters are presented by all the detached examples from the

same place that I have seen.

Correlated with the further extension backwards of its root the incisor

of L. variabilis is less strongly curved than that of L. europceus. This

straightening of the incisor is carried to the extreme in L. variabilis

grcenlandicits, in which form the tooth also is narrower than elsewhere.^

Nothing diagnostic is presented by the small posterior upper incisors.

Lower Incisors.—The only difference observed is that the lower incisors of

L. variabilis are proportionally narrower and are straighter than those of

//. europceus. The fossil remains from Ightham agree with the other

members of the variabilis group in these respects.

Cheek Teeth.

The principal difference between the cheek teeth of the L. variabilis group

and those of L. europceus is that in the former they are a little more hypsodont

1 Forsyth Major, "On Fossil and Recent Lagomorpha." Trans. Linn. Soc. Ser. ii. Zool.,

vol. vii., p. 469.

- WiNGE, " Gronlands Pattedyi-," p. 378. Hilzheimer states that he was unable to find any

cement in four out of eight skulls of L. variabilis examined by him ; but this is probably explained

by the confusion of the skulls of the two species to which I have already alluded : op. cit., p. 407.

' This is the most likely explanation of the teeth mentioned by Woldrich. Sitzher. d. Ic. AJcad.

d. Wien. math.-nat. CI., Ixxxiv. Bd., 1 Abth., p. 221.

* WiNGE regards these differences as specializations arising from differences in the food

;

" Fortsenderne bar den kun sjelden Lejlighed til at bruge til egenlig Gnavning of Bark o. s. v.

nsermest bruges de kun som Niptsenger til at afnippe Smaakviste og Blade ; de ere derfor

blevne spinklere," &c. "Gronlands Pattedyr," p. 358,
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than in the latter. Moreover in L. variabilis they are narrower transversely,

and form a slightly longer series (see Table III.).

Anterior upper premolar (p. 3).

Blasius' laid great stress upon the diagnostic value of the anterior

premolar (p. 3) in distinguishing L. variabilis from L. eiiropams ; but

Nathusius,- who helped Blasius to draw up the diagnoses of the two

species, with further material, came to the conclusion that the alleged

difEerences were inconstant—a conclusion which Woldrich^ accepted. More
recently Lonnberg^ has stated that " the foremost premolar is more

simple in L. europwus, witli, as a rule, only two enamel folds, while

the same tooth in L. timidus [i.e. variabilis^ has three." The difference

appears to me to lie in the fact that the antero-internal cusp and the internal

fold (" 8 " and " a " respectively of the figures) are more reduced in

L. europceus than they usually are in the L. variabilis group ; but in the

latter group, at all events, this tooth is subject to great variation, due no

doubt partly to age, individual diiferences, &o., but partly also to race.

In what may be considered as the typical form of this tooth in L. vari-

abilis the antero-internal cusp " 8 " is strongly developed, and the inner fold

"a" is transverse and rather deep. Such teeth appear to be common in the

Scotch and Arctic forms.

Besides the two skulls described above, I have before me three palatal

specimens, with the p. 3 in place from the Ightham fissure. In the skull

belonging to Messrs. Corner and Kennard, and in the three palatal specimens

the p. 3 is of the typical form ; in addition the right p. 3 of the skull (fig. 1a)

shows an interesting feature, the large antero-internal cusp " 8 " being here

cut by a little enamel fold " «." In six skulls, among the twenty-eight

Scotch examples in the British Museum, the anterior premolar shows a similar

complication. In three of these, viz., " Altyre, Morayshire, 94. 2. 15. 2 ? (ad) ";

" Cromlix Dunblane, 97. 10. 18. 1 3 (ad)"; and " Nairn, 99. 5. 1. 2 (young)," it

is seen in both the right and the left teeth, while in the remaining three it is

seen on one side only, viz., " Cromlix Dunblane, 97. 2. 15. 8 ? (ad)," right

p. 3 ; "Cromlix Dunblane, 97. 2. 15. 5. S (ad)," left p. 3; and " Altyre,

Morayshire, 93. 12. 4. 3 (J (ad)," left p. 3. In a young skull of L. scoiicus,

in the Eoyal College of Surgeons (No. 3283), the p. 3 on either side

^ Blasius, " Saugethiere Deutschlands," 1857, pp. 416 and 420.

* Nathusits, " Ueier die sogenannten Leporiden," p. 22.

' WoLDKiCH, Sitz. d. h. Akad. d. Wein. math.-nat. CI., Ixxxii. Ed., ii. Abt., p. 14.

* LoNNBEBG, Proc. Zool. iSoc. 1905, vol. 1., p. 282.

SCIBNI. PEOC. E.D.S., TOI. XTl., HO. XSIU. 2 B
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shows the additional fold, whilst in the right p. 3 " «
" is obsolete.

Fourteen of the Scotch skulls in the British Museum have the p. 3 on

either side typical. The remaining eight show reductions on the inner

side of the p. 3. In some of these the inner fold " a " is simply shallow,

or the cusp " 8 " somewhat reduced—the condition of this tooth in the fossil

skull in Mr. Lewis Abbott's collection—but in others it appears to be absent

;

the third fold seen in these latter cases being, in my opinion, the little extra

fold cutting the antero-internal cusp " 8 " of the complicated teeth mentioned

above (e.g., St. Mary's Loch, Selkirk, 0.2. 24.2; Cawdor Nairn, ? 98.11. 21. 2
;

Cromlix Dunblane, (? 97. 5. 13. 1). It is thus evident that the additional fold

in question frequently occurs in L. var. scoticiis. On the other hand, I have

not succeeded in finding it in any of the numerous skulls of L. var. hibernicus

before me.

Antekiok Upper Premolars

of type skull of L. variabilis anglicus, seen from below.

A = right p. 3 ; B = left p. 3 (enlarged).

This extra fold does not appear to have been previously noticed ; but

indications' of it are seen in the following figures given by Forsyth Major"

Lepm mgricollis, p. 3 (fig. 34) ; Prolagus sardus, p. 3 (fig. 24) ; Prolagus

ceningensis, p- 2 (fig. 10), Titanomys fontanesui? p. 2 (fig. 9), and Titanomijs

msenoviensis, p. 2 (fig. 19) in the latter being especially well marked. If I am
right in regarding this extra fold of the p. 3 as homologous with that seen in

the Titanomys tooth, then we may regard it as a very primitive feature in the

dentition of the Hare, which has survived to some extent in the Scotch form,

and which was occasionally present in the Pleistocene form of L. variabilis of

the south of England. Elsewhere it appears to have totally disappeared

in the variabilis group.

' Forsyth Major,
vol. vii., pi. 36.

' On Fossil and Recent Lagomorpha," Trans. Linn. Soc, ser. ii., Zool.,
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Last Lower Molar (m. 3).

The last lower molar of L. variabilis appears to differ from that of

L. eiiropwus in having the posterior lobe more reduced transversely, so

that it does not extend so far towards the outer side as in the latter species.

The fossils from Iglitham agree in this respect with L. variabilis.

Vertebra and Eibs.

I have not been able to spare the time to examine as completely as I could

wish the large number of vertebrae and ribs in Mr. Abbott's collection from the

Ightham Fissure. I therefore content myself with stating that these parts

of the skeleton also show very robust proportions.

In the skeleton in Messrs. Corner and Kennard's collection five of the

lumbar vertebrae are preserved, viz., the second, fourth, fifth, sixth, and

seventh. These were compared with the skeleton of L. v. hiberniciis in

the British Museum (Z. D. 76.9.7.1). Judging from the length of the

transverse processes, the anterior vertebra of the five in the fossil skeleton is

lumbar 2, but it has no hypapophysial spine, although there is a small one

in this vertebra of the recent skeleton. Lumbar 4 has a large hypapophysis,

as in the recent skeleton, and this and the three posterior vertebrse agree very

well in form with the recent bones, but they are much stouter. In both the

recent and the fossil skeleton the length occupied by the four posterior lumbar

vertebrse is about 76 mm., but the least width of lumbar 5 amounts to 14 "6

mm. in the fossil, and to only 11 mm. in the recent L. v. hibernicus.

The ribs of the Ightham skeleton preserved are numbers 3, 4, 8, and 9 of

the right, and number 4 of the left side. They agree with the corresponding

ribs of L.v. hibernicus in form, but are of very much larger size.

2e2
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Scapula.

The measurements in the accompanying Table show tliat, although there

is a good deal of variation in L. variabilis, which appears to be principally

due to age (e.g. the young specimen No. 3283 R.G.S.), the scapula in this

species is considei'ably wider above than in L. europmis. In this respect the

scapulae of the nearly complete skeleton from Ightham agree with those of

the adult recent L. variabilis, although much larger. The increase of width

is due to the much greater backward extension of the post-scapular surface

in L. variabilis than in L. eicropceus. The form of the glenoid articulation

and of the notch separating it from the coracoid process is very variable.

In some of the fossils the notch is very wide ; in others, including the perfect

example measured, very narrow. The same variation is seen, however, in

the recent skeletons of L. variabilis and also in those of L. euro2xeus.
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Humerus.

Besides the humeri of the skeleton from the Ightham Fissure, eight

other perfect fossil examples lie before me from the same locality, including

the one figured by Newton.' According to Newton^:—"The head of the

humerus of L. europcetis, when viewed from above, is found to be rounder

than in L. variabilis, being in the latter more elongated from before back-

ward, and tending to become parallel-sided." The measurements of the

recent humeri confirm this observation, the transverse diameter of the head

beiug greater in L. eurojiceus and less in L. variabilis than the antero-posterior

dimension.

In this the Ightham fossils, including the humerus figured by Newton

and referred by him in his first paper to L. eiiropwus, agree with L. variabilis
;

but they distinguish themselves from the humeri of all the living forms of

this group of which I have seen the limb-skeleton by their really gigantic

size. Woldrich^ mentions two forms as occurring in the Fissures at Zuzlawitz,

viz., a small form but little larger than the alpine L. variabilis, and a larger

hare which agrees better with the arctic variety. But as Woldrich's measure-

ments show, the latter form from Zuzlawitz is far inferior in size to the fossil

animal of the Ightham Fissures. The Immeri described by Hescheler from

the Kesslerloch, Thaiingen,^ agree exactly in size with those of the smaller

form from the Zuzlawitz Fissures.

1 Newton, Quart. Jottrn. OeoJ. Soc, vol. 1., pi. xi., figs. 5, S«.

''Ibid., vol. Iv.
,
p. 421.

' WoLDRiOH, SiUb. d. k. Akttd. d. Wien. math. nat. CL, Ixxxii. Bd., ii. Abt., p. 18, and ihid.

Ixxxiv. Bd., i. Abt., p. 224.

' Hescheler, Neue Denlcschrift. d. allyemeinen Selnoeh. Ges.f. d. Ges.Nattirw., Bd. xliii., p. 86.
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Ul.NA.

As is well known, the fore-limb of the Hare is remarkable for showing a

specialization of the kind characteristic of the more advanced ungulate types.

This is seen most clearly in the form of the distal articulation of the humerus,

which has departed far from the primitive type, and in the reduction of the

ulna. The latter bone is well on its way to lose, first, the middle, and then

tlie lower part of its shaft. Judging from the somewhat scanty recent

material before me, the reduction of the ulna is proceeding in a somewhat

different direction in L. variabilis from that which it follows in L. europceus.

In the latter species the middle part of the shaft of the ulna is rather broad

transversely, but is very thin, i.e. greatly reduced, antero-posteriorly. In

L. variabilis the converse obtains—the transverse dimension, and not the

antero-posterior one, being especially reduced.'

I have seen no perfect ulna from the Ightham Fissures, although numerous

fragments are before me. What remains of the shaft in each case agrees

with L. variabilis, and not with L. europceus. Here, as with the other bones

from Ightham, the large size is conspicuous.

Radius.

The only character that I can mention as distinguishing tlie radius of

L. variabilis from that of L. europceus is, that in the former the distal end is

proportionally smaller than in the latter, as is evident from the table of

measurements. All the fossil radii from Ightham that I have measured agree

in this with L. variabilis. They are distinguished from the recent radii and

from the fossils described by Woldrich (from Zuzlawitz) and Hescheler from

Thaiingen by their very large size.

1 Newton, Quart. Join: Geol. Soc, vol. Iv., p. 421.
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Pelvis.

The only difference of proportion seen between the os innominatum of

L. europmus and that of L. variabilis is that, in the former, the ilium is

relatively broader than in the latter. Judging from the proportional

measurements, given in the table, of the pelvis of the young L. variabilis

(No. 3283 R.O.S.), the relative breadth of the ilium becomes greater as age

advances.

The outer surface of the ilium in L. variabilis and L. v. arcticus is more

boldly sculptured than in L. europceus, the median ridge, for the gluteal

muscles, and tlie fossae above and below it being higher and deeper

respectively.

The fossil examples from Ightham agree in these respects with L. variabilis,

and are distinguished from the recent specimens only by their large size.
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.

Femur.

The only constant difference between the femur of L. mriahilis and that

of L. eurojmus is that, in the former, the shaft is proportionally more slender

than in the latter.

Besides the femora of the fossil skeleton in the Corner and Kennard

collection, I have many others before me from Ightham, including the one

figured by Newton.' Although they vary a good deal in form, they all show

the slender shaft of X. variabilis. The femur of L. v. hiberincus is a little

stouter, relatively, than that of L. v. scoticus, and, as the measurements

show, the fossil femora agree in this with the former sub-species. Tliey are

distinguished only by their larger size.

1 Newton, Quart. Journ. Geol. Soc, vol. 1., pi. xi., fig. 4.
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Tibia.

I am unable to point out any difference between the tibia of L. variabilis

and that of L. europceus. In the Scotch form of the former species it has the

shaft proportionally a little more slender, but in Z. v. hihernicus and the

fossil Hare from Ightham the tibia has the stout proportions of L. europceus.

The great size of the fossil tibise is conspicuous.

Metatarsals.

-
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It is necessary to glance at the differences which Nathusius describes

as existing between the Hare and the Rabbit. He gives the following

comparison' :

—

Hare. Eakbit.

Ulna weaker than and situated Ulna stronger than and situated

behind the radius. beside the radius.

Compared with the basal length of the skull and the length of the vertebral

column the fore and hind limbs in their entirety and in their individual parts

are relatively :

—

Longer in the Hare. Shorter in the Rabbit.

Humerus loiujev than antebra- Humerus and antebrachium of

chium. approximately equal length.

Antebrachium shorter than tibia Antebrachium shorter than tibia

by about one-fourth of the length of by about one-half of the length of

the latter. the latter.

Nathusius says elsewhere that " the humerus of the Hare is longer rela-

tively to the antebrachium than that of the Rabbit."^ This is just the

reverse of the truth ; for Nathusius' own measurements show that the

humerus is shorter than the antebrachium in the Hare and approximately

equal to it in the Rabbit.^

It will be of interest to compare the relations subsisting between the

principal bones of the limb-skeleton and between the limbs and the skull in the

fossil Hare from Ightbam, the recent forms of L. variabilis and in L. enropwits.

The investigation of tlie material before me had already been completed when

I received from Dr. Herluf Winge a copy of his valuable paper on the

mammalia of Grreenland.* In this paper he gives a table of measurements of

the skulls and limb-bones of a suite of specimens of L. v. glacialis (= arcticus

and green tandiciis of the present paper), L. variabiUs (Sweden and Norway),

and L. etirojjwws. I had only one imperfect skeleton of L. v. arcticus before

me ; and therefore the data furnished by "Winge are the more welcome. In

order to facilitate the comparison, the table at pp. 258-259 has been drawn

up; and it contains not only the results of my own measurements, but

similar calculations based on Winge's figures.

' WATHtJsius, op. cit., p. 67. ' Nathusitjs, op. cit., pp. 44, 45.

= Hid., op. cit., p. 46. -i "Wihge, " Gronlands Pattedyr," pp. 377, 378.
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Winge takes the eondylo-basal length of the skull as his standard, while

I took the basal length. The average relation between the basal length and

condylo-basal length in the Hares appears to be as 100 : 110 ; and in section 4

of the table my results are reduced in this proportion so as to be comparable

with those obtained by Winge. Although not quite accurate, the figures

in section 4 relating to my material are accurate enough for the present

purpose.

The first fact brought out by the table is that in the southern forms of

L. variabilis the limbs, in proportion to the skull length, are considerably

longer than in L. europceus. But in L. v. Mbernicus and the Ightham fossil

Hare the limbs are shorter relatively than in the Scotch form (represented

by the skeletons Nos. 3282 and 3283 Eoy. Coll. Surg.). The Norwegian

form measured by Winge apparently agrees with L. v. scoticus in this respect,

while, on the other hand, tlie Swedish L. variabilis of Winge's table agrees in

this with L. v. Mbernicus. The high northern forms have shorter limbs; and

the hind limb especially shows a tendency to return to the short-limbed

condition of L. europceus. This shortening is here probably a secondary

specializatioi induced by the frigid habitat, and not a primitive condition

as in L. europceus.

The second point worthy of notice concerns the relation of the radius to

the liumerus. The southern forms of L. variabilis, including the fossil Hare

(in which it is marked), have the radius approximately equal to or a little

longer than the humerus, i.e. they retain the primitive relationship of these

bones found in the Eabbit. In L. europceus the radius becomes considerably

longer than the humerus ; and this specialization appears also in some of the

boreal forms of L. variabilis. I suspect that eventually it will be found to

be the normal condition of L. v. grceiilandicus.

[Table.

SCIENT. PROC. R.D.S., VOL. XII., NO. XXIII. 2t
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1. Basal length of Skull,

2. Length of Humerus + Radius,

3. ,, Femur + Tihia,

4. ,, Humerus,

5. ,, Femur,

1

.

Length of Humerus,

2. Eaclius,

1

.

I,ength of Femur,

2. „ Tihia,

3. ,, Humerus

1. Condylo-hasal length of Skull,

2. Length of Humerus 4- Radius,

3. ,, Femur + Tihia,

4. ,, Humerus,

5. ,, Femur,

Ightham Fossil.

100

277

349

138-0

163

100

100-1

100

113

85

100

252

318

126

148

100

102

L.i'.

Roy. Coll. Surg.

100

278

347

136-5

164

100

103-5

100

111-5

83-5

100

253

316

124

149

100

292

363

143

170

100

103-5

100

113

84

100

265

330

130

155

100

282

366

137

167-5

100

105-5

100

118

82

100

256

333

125

152
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(Calculated from Winge's data.)

L. V. arcticus and granlandicus.

a g

100

193

266

91

118-6

100

116-5

77

100

109-5

100

118-5

8i

100

254

314

121

143

100

108

100

117

100

244

300

117

138

100

102

100

115-5

100

242

294

120

137

100

106

100

117

85-i

100

242

297

117

137

100

104-5

100

114-5

87-8

100

247

121

138

100

105

100

116-5

82-7

100

102

100

120

S4-5

100

104-5

100

119-.

100
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lu the precediag pages I have nob dealt with the Iriah fossil remaias of

Hares, because I have no material, and such descriptions as have been

published are insufficient for my purpose. In his first account of the

mammalian remains from the caves of county Clare, Scharfl' says:

—

" Compared with a modern skeleton of the Irish Hare, the Cave Hare was a

considerably larger and more powerfully built animal, yet the distinctive

characters of the Mountain Hare are retained. ... It would seem, therefore,

as if the Irish Hare has deteriorated in size and strength since it arrived in

this country." In a later paper, on the bones from the " Catacombs," he

states that all the humeri and femora were longer than those of the recent

skeleton ; while, on the other hand, " of ten complete tibise measured, four were

smaller than the recent tibia." Further :
—" This fact seems to indicate that

the upper portions of both front and hind limbs have become shortened in

the Irish Hare in course of time, possibly owing to change of habit." He
gives the following measurements of some limb-bones from Newhall and

Barntick Caves :

—
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There can be no doubt that the hare which lived in southern England

during late Pleistocene times was a member of the L. variahilis group. So

close is the affinity between this fossil form and the living L. mr. hibernicus

that we may regard the latter as the direct descendant of the former. The

fossil English Hare is distinguished from the Irish Hare by its larger size,

and some other characters already dealt with, which go to show that the

fossil form was a little less specialized than its living representative. Further,

the English Pleistocene Hare has no closer affinity with the fossil forms

described by Woldrieh and Hescheler from Zuzlawitz and Thaiingen than has

L. var. hibernicus with L. var. scoticus, L. var. varronis, or any of the other

subspecies which are recognized to-day. The fossil remains ascribed to

L. " diluvianus " by the older French palseontologists are too imperfectly

known to be drawn into the comparison ; and in any case their nearest

living relatives are probably to be sought among some of the continental

subspecies of L. variabilis, or even perhaps of L. europmis. In these circum-

stances it appears to be desirable to regard the English Pleistocene form of

L. variabilis as a distinct subspecies, for which I venture to suggest the name

of L. var. anglicus.

Lepus europmus does not appear to have arrived in England until after

the Pleistocene period ; and it may also be that during this period, when the

plains of western continental Europe were inliabited by members of the

variabilis group, this species was absent from the north-western part of

Europe generally.

According to the prevalent view the variabilis group is of boreal origin

;

and the extension of its range southwards is usually explained by reference to

the glacial phenomena of Pleistocene times, the temperature during this

period having been, it is supposed, so lowered as to enable the group to live

in the plains. With the return of temperate conditions, the Snow-Hare either

fled northwards or retreated to those mountain fastnesses in which we now

find it living. The separation of Ireland from Britain, which is supposed

to have happened before the passing of the cold conditions, prevented

L. variabilis from leaving that country when the climatic conditions were no

longer favourable to it; and accordingly it had to adapt itself to the

subsequent changes. Stated in this way the theory explains most points in

the geological history and geographical distribution of the group ; and conse-

quently we find L. variabilis figuring in geological literature as one of the

witnesses in favour of the former existence of extreme climatic conditions

in the present temperate parts of western Europe.

The introduction of the trinomial nomenclature into zoological classifica-

tion, with the necessity for increased exactness of observation which its
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application involves, has conferred a great boon upon those investigating late

Tertiary history, since it supplies us with a very powerful means of testing

such generalizations as that outlined in the preceding paragraph. It has

long been recognized that, as any given mammalian group moves outward

from its centre of dispersion, it suffers more or less profound modifications of

structure, so that the most highly specialized forms are in general precisely

those which exist, or have existed, furthest from the original centre of

dispersion. Good instances of this principle are afforded by tlie cervine

ruminants, where we find such transformations of the primitive type as the

G-irafPe, the Elk, and the Reindeer as peripheral representatives.' I hope to

show that exactly the same principle asserts itself in the case of the subspecies

of the L. rariahilis group.

The Hares present us with a curious combination of ancient and modern

characters. The dental formula is very primitive compared with that of

other rodents; but the individual clieek-teeth have undergone the most

profound specialization. The organs of sight and hearing are greatly

enlarged ; and the limb-skeleton is well on its way to the reduced condition of

the swift-footed ungulates. Of the two groups of Hares with which we have

been concerned in this paper, viz., the mriabilis and eiiropceus groups, the

former is on the whole the more specialized. It is necessary for our

present purpose to look at the various members of the mriabilis group a

little in detail.

Dealing first with the skull, Winge has shown us how to interpret the

changes found in proceeding from one member of the group to another.

We will confine our attention to the relations subsisting between the eye and

the ear, because tlie evidence of the fossil form and of Z. v. hibernicus on this

point also has a geological bearing. Both organs are abnormally large in

all Hares. With regard to the variabilis group, as we proceed northwards to

colder climes, the peripheral parts tend to diminish in size, not because tliey

are less useful to the animal, but because of the cold. In accordance with

this, the outer ear becomes shorter in the northern forms of the group ; but, as

Winge points out, the loss in this respect is compensated by an increase in

the size of the eye ; and this increase has its due eilect upon the skull, for as

the eye becomes larger the superciliary processes of the frontal tend to elevate

themselves more and more in proportion.^ In perfect harmony with this we

find that in L. v. hibernicus and in L. v. anglicus the superciliary processes are

less elevated and the interorbital region flatter than in any other forms of

' EuTiMEyER, Beitrdge zu der Geschichte der Sirsclifamilie \. Schiidelbau. Verliand. der

Naturforsch. Gesell. in Basel, vii. Theil, 1. Heft, 1882, pp. 45-57.

^ Winge, " Gronlands Pattedyr," p. 358, and " Pattedyr," p. 58.
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the group. We may conclude from this that with regard to the organ of

sight, L. V. anglicus and L. v. hiheridcus are the least specialized members of

the variahilis group ; and we may infer further that both the forms in question

are forms which live or liave lived under temperate conditions.

The limb-skeleton, as we have seen above, gives similar evidence ; for in

these two forms of the vanahiUs group, we have the primitive combination of

short limbs, and equality of the brachial and ante- brachial lengths. It is

true that in the arctic forms of the group short limbs are characteristic, but

that this is a secondary specialization or retrogression here is shown by the

fact that the radius has become considerably longer than the humerus. The
intermediate forms from Scotland and Scandinavia show longer limbs and

have rather longer radii than those of the southern forms.

In these respects, therefore, and in every other point dealt with in the

preceding pages, L. v. anglicus and L. v. Jdbernicus distinguish themselves as

the two least specialized members of the L. variabilis group, and, on the other

hand, the arctic forms are as clearly the most specialized. It is consequently

highly improbable tliat the group can have had a boreal origin. Looking

at the whole subject broadly, it appears to me to be more likely that the

group had its origin somewhere in Central Asia. From this region it later

spread eastwards into North America and westwards into Central Europe.

The colonization of the high north by the group may have taken place by

three distinct routes, viz., (1) directly from Central to Arctic Asia; (2) tlirough

North America ; and (3) from Central Europe along the western seaboard

through Scotland and Scandinavia. The group has become specialized and

differentiated into subspecies in the course of its travels, and particularly as

it has proceeded northwards. Therefore the southern forms, living and

extinct, remain nearer to the primitive L. variabilis than do the northern

ones.

But if this view brings the distribution of the group into harmony with

the structural peculiarities of its members, there yet remains to be explained

the singular fact that, with the exception of Ireland, the Z. variabilis group no

longer inhabits the plains of temperate Europe.

In a former paper I have argued that to explain such changes in distribu-

tion it is not necessary to invoke great changes of climate.' In the present

case the structure of L. v. anglicus itself tends to disprove the idea that the

climate of the south of England was any less mild at the time of this Hare's

existence there than it is at present. Moreover its nearest ally lives under

' HiNTON, " On the Existence of the Alpine Vole in Britain during Pleistocene Times," Froo.

Geol. Assoc, vol. xs., p. 54.
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the temperate conditions which at present obtain in Ireland. In my view

the reason why L. variabilis continues to live in the Irish plains is that

L. europceus has been unable to reach Ireland, and the reason why

L. variabilis has been driven out of the plains of Britain and of Western

Europe is that there L. europceus has proved too strong a competitor.' In the

paper above cited, this question of the reaction of one species upon another

has been dealt with ; but perhaps it may be mentioned here that the views

there advocated have received lately a rather striking confirmation.

Crespon' long ago described a vole from the neighbourhood of Nimes in

the department of Gard in France under the name of Arvicola (Microtus)

lebrunii. Blasius, in 1857,^ said that, so far as he could gatlier from the

somewhat unsatisfactory description, this animal should be placed with

M. nivalis. There the matter rested until some little time ago, when

Mr. Charles Mottaz visited the locality in the interests of the British

Museum; and he was fortunate enough to obtain specimens of M. lebrunii.

These were examined by Mr. Gerrit S. Miller, who found that M. lebrunii

undoubtedly does belong to the M. nivalis group, and indeed to what was

previously known as the leucurus section*—a section which probably existed

in Britain during Pleistocene times. But M. lebrunii differs from all its

living allies in the fact that it lives at so low an altitude as 550 feet

above sea-level, and this " in the midst of the vine and olive region of the

Mediterranean coast," wliilst the other living nivaloid voles exhibit a marked

preference for the snow-line. Here surely is the clearest proof that mere

temperature has nothing whatever to do with the distribution of the nivalis

group, just as the tenancy of the Irish plains by L. variabilis proves that the

more generalized and primitive forms of the arctic or mountain Hare do not

require cold.

' SoHARFF, "History of the European Fauna," 1899, pp. 136-8, 14S, 315-6. "European
Animals," 1907, pp. 39, 97, 139-140. In these extremely valuable works Dr. ScharfF arrives at

similar conclusions with regard to the relations subsisting between L. variabilis and L. curopmus,

and to the bearing of the former species upon the question of Pleistocene climate, to those herein

expressed. The standpoint from which I have approached this subject is, however, a quite different

one from that of Dr. Scharff. He assumes an Arctic origin for the L. varialilis group, and also

thinks it likely that it reached western Europe in Pliocene times. I attempt to prove that the group

had its origin in temperate latitudes ; and I do not believe that Z. variaiilis came into existence until

the Pleistocene period ; and as regards England, for reasons to be stated elsewhere, until a quite late

moment in Pleistocene time. So far as Dr. ScharfF's main contention is concerned, viz. that the

climate of the " Glacial Period " was not so severe as the prevalent theory supposes, I unreservedly

agree with him, not merely upon the grounds stated here and in former papers, but for many other

reasons with which I hope to deal in the near future.

- Crespon, " Faune Meridionale," i., p. 77, 1844.

^ Blasius, " Saugethiere Deutschlands," p. 362.

* Miller, Ann. and Mug. iW. Hist., Ser, 8., vol. i., p. 101,
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The moral which I wisli to draw is perhaps pointed by the fact that,

although many attempts have been made to introduce L. eurojjmis into

Ireland, they have all proved more or less unsuccessful.' One may be

tempted to ascribe the failure to some climatic difference, although it is

difficult to quite imagine what such a difference may be. The early

separation of Ireland from Britain, which has kept Ireland free from

Z. euro^oceus, may also have kept out of the latter country some other

organism whose presence is essential to the prosperity of the common

Hare or inimical to that of the Irish Hare. If one could find out exactly

what this factor is, and succeed in introducing it into Ireland, one miglit then

succeed in introducing L. eurojxeiis. In the latter case L. variabilis would,

judging from what has happened in England and elsewhere, rapidly lose

ground.

The moral itself is that, however tempting the idea of great changes of

climate may be as affording a ready explanation of the changes which have

taken place in the distribution of animals and plants since the Pleistocene

period, or since a still more remote time, we should not adopt it without

considering whether or no the organisms themselves, by their own interaction

and interdependence, can have produced the modifications which they have

suffered both in their habitats and in their structure. It might be put even

higher, namely, that the palaeontologist should not dream of changes of

climate and the like until he is satisfied that the organized part of nature is

incapable of working out its own destiny. There can be no doubt that the

relations existing between the elements of a fauna and flora are of the most

complex kind, the right appreciation of which can only come to us as the

reward of the most patient investigation in the future ; and therefore, having

regard to our present ignorance, it does seem a little arrogant to say that

this or that case transcends the capabilities of organic nature, and that

consequently we must attempt to explain it by burdening the equation with

other powers still more difficult to comprehend and still more far-reaching in

their effect.

' Barrett-Hamilton, Irish Naturalist, vii., 1898, p. 69.
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EXPLANATION OF PLATE XV.



PLATE XV.

Fig. 1. Lepus variabilis amglicus, Hinton. Skull of the type skeleton : seen from

above. From a Pleistocene rock-fissure at Ightham, Kent. (In the

collection of Dr. Frank Corner, F.G.S., and Mr. A. S. Kennard,

F.G.S.)

Fig. 2. The same : palatal aspect.

Fig. 3. The same : anterior view.

Fig. 4. The same ; right profile.

Fig. 5. L. variabilis anglicus. Anterior view of nasal bones and premaxillaries

of a skull from a Pleistocene rock-fissure at Ightham. (In the

collection of Mr. W. J. Lewis Abbott, F.G.S.)

Fig. 6. L. variabilis anglicus. Left mandibular ramus of the type skeleton.

Inner view.

Fig. 7. The same : outer view.

(All the figures are of natural size.)
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XXIV.

SOME OBSERVATIONS OF DEW AT KIMBERLET.

By J. R. SUTTON, M.A., Sc.D.

[communicated by peofessor w. beown, b.sc]

[Read November 23. Ordered for Publication Decembek 7, 1909. Published January 15, 1910.]

British meteorologists of late years, in discussing the theory of dew and

its formation, have shown some disposition to abandon the teachings of

Wells in favour of those of Aristotle. A few quotations (out of many that

might be made) from the writings of well-known authors will serve to

illustrate this backsliding :

—

1. " It is observed that dew is never copiously deposited in situations

much screened from the open sky, and not at all in a cloudy night ; but if the

clouds withdraw even for a few minutes, and leave a clear opening, a

deposition of dew presently begins." ^

2. Dew "is never deposited in cloudy weather; and so strict is its

connexion with a clear sky that its deposition is immediately suspended

whenever any considerable cloud passes the zenith of the place of obser-

vation." ^

3. " Dew is deposited over the Earth's surface on comparatively clear and

calm nights. . . . Dew is not deposited in cloudy weather, because clouds

obstruct the escape of heat by radiation." '

4. " It is known to everyone that dew does not appear on a cloudy

night." *

5. " Dew may be defined as moisture deposited when visible cloud is

Statements such as these are the more remarkable in view of the fact that

on the soil of Great Britain have been made the observations which, more

than any other, have put the theory of dew upon a rational basis. It is not

1 J. Hersohel, "Preliminary Discourse on the Study of Natural Philosophy," 1831, p. 162.

^J. Herschel, " Meteorology," 1862, Art. 91. The italics are Herschel's in both quotations.

2 A. Buohan, in Art. " Meteorology," Enctj. Brit., 1878.

^R. H. Scott, "Elementary Meteorology," 1893, p. 117.

^ W. Allingham, " A Manual of Marine Meteorology," 1900, p. 149.
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strictly true that a clear sky is essential to the condeiisatiou of moisture in

the form of dew. Dew may appear under a clouded sky, as plenty of

English authors since the time of Wells—notably Harvey' and Tyndall^—to

say nothing of foreign ones, liave pointed out. A clear sky is only favour-

able to dew-making when other conditions remain the same. That is to say,

let the temperature of the air and of the dew-point at sunset be respectively

the same on any two evenings; then if one of the evenings be clear

and the other cloudy, the former will show, to begin witli, the more

rapid rate of dew-formation. But the point to be taken into account

is that in nine cases out of ten the dew-point is higher on the cloudy

night than it is on the clear night, and hence that the temperature

of the air has not so far to fall to the saturation-point, so that, although

the clouds do considerably check the radiation of heat from the Earth's

surface, yet, on the otlier liand, no great intensity of radiation is required in

order that the lower air may cool sufficiently to allow its excess of moisture

to be condensed.^

This fact is very well exemplified by the observations of dew made at

Kimberley.'' It is not in the clear, bright, calm nights of the Kimberley

winter that the most dew (or frost) is deposited, but rather in the relatively

more clouded autumn. My own observations go to show that on a clear,

damp night a great deal of dew is made in a short time, but that the energy

of the dew-making process soon diminishes, largely, perhaps, because the

high and increasing relative humidity of the layer of air in contact with the

surface hinders a continuous rapid fall of temperature, and partly, perhaps,

because of the high specific heat of water. On a night when there are clouds,

however, the rate of condensation may be less rapid
;
yet there are times

when as much dew is deposited in the long run, in spite of the clouds, as in

the former case when the sky is clear.

1 have not yet been fortunate enough to observe the rapid alternations

of condensation and evaporation, as clear sky has alternated with clouds,

which seem to have been observed by others. Nor have I ever seen any

pronounced rise in the reading of a radiation thermometer lying on the

grass (and concomitant evaporation of dew) which could be ascribed solely

' G. Harvey, ia Ai-t. " Meteorology," Ency. Met., 1845.

2 J. Tyndall, " Heat a Mode of Motion," 1880, p. 496.

^ It is a curious circumstance that a phenomenon so much within the province of meteorologists

as de-w is should have been so often wrongly explained by them, whereas the physicists seem

somehow to have got the explanation nearly always right :—e.g., W. H. Besant, "A Treatise on

Hydromechanics," 1877, p. 116 ; also Poynting and Thomson, " Heat," 1904, p. 218.

^ These are mainly observations of dew proper, and not the " dew " which proceeds directly from

growing plants.

•I u2
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to the iufluenee of a passing cloud. In my experience there is only one

meteorological factor comisetent to produce a great and sudden rise of

temperature at night, and that is a gust of wind, disturbing an evening

calm. The gust almost invariably checks the formation of dew, and, if

it continue long enough, evaporates what is already there. I have never

seen a cloud alone do this.

Table I gives a summary of the number of times dew was observed

in the four years 1905-8, at 8 a.m., 8 p.m., and 11 p.m. The designations

" 0," " 1," " 2," at the head of eacli column, indicate roughly the quantity

of dew observed at the respective hours ;
" " indicating a sliglit dew ;

" 2,"

that everything is streaming wet; " 1," an intermediate state of affairs. We
see from this table that dew is of infrequent occurrence in the last quarter

of the year, the minimum of frequency falling in November, while the

maximum is in April. It must be borne in mind, however, that there are

occasional nights of dew in the summer, which do not appear in the record

because it has been evaporated by the sun's heat before 8 a.m. For that

reason it is not possible to compare the state of the sky with the presence

or absence of dew at 8 a.m. in the summer months.

When frost is taken into account with the dew, the months of maximum

and minimum are not changed. June is the month of most frost, almost all

of which is observed at 8 a.m., i.e. the temperature rarely falls to the point

at which frost can be deposited until after 11 p.m. And here it may be

noted that just as there is no definite freezing-point of water (the thawing-

point is of course quite definite), so there is no definite temperature which

determines whether the air's excess of moisture shall be deposited in the

shape of dew or frost. On a still night a water-surface may fall considerably

below 32° F. without congelation, while solid bodies at the same low

temperatures may remain covered with dew.

'For an interesting case in point, see J. E. Sutton, " A Lon' Freezing-Point," Symons's Met.

Mag., July, 1905.
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Taking dew and frost together at 11 p.m., we have tlie following monthly

summary of the number of times either has appeared iu four years, compared

with the mean cloudiness of the sky :

—
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that a considerable number of the " clear " skies were not exactly bright iu

the sense in wliioh a Kimberley sky can be bright.

But it is to be remembered that dew takes time to condense, and also

time to evaporate. And it might therefore be that although there was

dew with much cloud at any hour, there might have been little or no cloud

earlier, and hence that the dew might still have been formed under a clear

sky, and not have had time to evaporate. There is, of course, the converse

question as to whether when dew has been observed under a clear sky there

might, nevertlieless, have been clouds earlier. For the purpose of considering

this point, Table III has been constructed. It gives the number of times dew

was observed at 11 p.m. compared with the state of the sky at both 8 p.m.

and 11 p.m. Here we have the noteworthy fact that there is as much dew

at 11 p.m. wlien there are clouds at both 8 p.m. and 11 p.m. as when the sky

is clear throughout. Also, a clear sky following cloud is more favourable

than a cloudy sky following clear. These results, however, are irrespective

of the quantity of cloud in the sky. The last column takes quantity into

account by considering only niglits when the amount of cloud exceeds 30 per

cent, of the optimum. This shows that only in the winter half of the year

is a clear evening more likely than a cloudy to be signalized by dew.

So far as the Kimberley observations go, the type of cloud seems to be

of no great importance in determining dew-conditions. Normally cirriform

clouds prevail between sunrise and noon, cumulus during the hottest hours

of the day, and stratiform clouds after sunset. Wlien the air is damp, and

moisture is condensed, we find pretty much the same rule, i.e., a good lot of

cirrus on dewy mornings, and a good lot of stratus on dewy evenings.

The following table sliows the distribution of cloud on the dewy

mornings and evenings of the four years in number of times seen :

—

High-level clouds,

. Low-level clouds.

In this table the high-level clouds consist of tlie cirrus and its

modifications ; the low-level clouds are all others, such as cumulus, strato-

cumulus, &c.

It would seem that Hersehel and his successors have gone astray in their

interpretation of the phenomenon of dew, first, by trusting to reason rather

than to observation, and, second, from a misunderstanding of the conditions

governing the nocturnal radiation of heat from the Earth's surface. It is

perfectly true that if all the clear nights of the year are compared with all

the cloudy nights, it will be found that radiation is on an average more

Morning.
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intense on the clear nights. But it by no means follows that this average

result stands for a general truth. On the contrary, it is only when the

relative humidity is not high that the fall of temperature on a clear night

greatly exceeds the fall under clouds. And certainly the temperature may
often fall to the dew-point under a clear sky, whereas under clouds it may
not be able to do so. On the other hand, when the relative humidity is

high, there is no greater virtue in a clear sky than in clouds, and dew will

form under either, because the radiation is pretty much the same under

either. For instance, the average fall of temperature at Kimberley during

1900, from midnight to the following minimum, when the relative humidity

wa,s 90 per cent, or more, was :

On clear nights, . . 4'9°

On very cloudy nights, .
4*3°

This result depends upon the fact that when the relative humidity is

high, the radiation of heat is pretty nearly as much retarded by the invisible

moisture as by the clouds. The only advantage that a clear sky has at any

time is that under it the dew will, as a rule, lecjin to form more quickly.

Therefore, dew-making is not a function of the clearness of the sky merely,

but rather of the dampness of the air and the length of the night.

The wind is an important factor in preventing the formation of dew;

but because of its prevailing lightness at Kimberley, it is not so important

here as it is in most other places. For that reason it has not been brought

into this discussion.

[Tables
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Table III.

Showing the number of times dew or hoar-frost has been observed in the

four years 1905-8, at 11 p.m., arranged according to the state of the

evening sky.
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Summary.

The following paper contains

A. A. description of a thermo-electric method of cryoscopy suitable for

the determination of the freezing-point of small quantities of

liquids with considerable accuracy.

B. Records of a number (101 in all) of freezing-points of the saps of

plants determined by this metliod, together with the osmotic

pressures calculated from tlie freezing-points. Tiiese observa-

tions apply to the

—

Leaves of :
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C. Records of determinations of the mean molecular weights of the dis-

solved substances in the saps upon which the experiments were

made.

Since tlie epocli-makiiig work of Pfeffer and De Vries tiie osmotic pressures

of plants have been investigated by many from various points of view. The

present investigation was undertaken primarily to determine if the osmotic

pressures in the leaf-cells of plants are sufficient to resist the tensions in

the sap indicated by tlie considerations on which the Cohesion Theory of the

Ascent of Sap is based.^ It was also proposed to determine if any relation

existed between the osmotic pressure in the leaves and the height above the

roots, or between it and tlie resistance of the stem connecting the water-

supply and the leaves. Other problems also presented themselves during

tlie work which liave not as yet been solved, and indeed afford a large field for

further investigation.

Determinations of osmotic pressures in plants have usually been carried

out by the plasmolytic method ; and a number of determinations by this

method are available. These observations have been mostly made on the

tissues of stems, and, as a rule, liave not been applied to transpiring organs.

Quite recently E. Pringsheim^ has applied the plasmolytic method to

determining the turgor of leaves, dealing mostly witli the leaves of succulents.

He states that tlie turgor of the plants he examined was greater in the apical

leaves than in tlie basal leaves, except in those of Phaseolus vulgaris. In

winter turgor is less than in summer. Bwart^ attempted to establish a rise

in osmotic pressure according to the height above ground. In one ease he

found tliat the leaves of an elm at a level of 1350 cm. above tlie ground had

an osmotic pressure two to three atmospheres greater than those at a level of

250 cm. He found high pressures, e.^., equivalent to the osmotic pressures

of a solution of potassium nitrate having a concentration of 6 per cent, or

more, and records that the " plasmolytic concentrations " for leaf-cells of

Acacia, Eucalyptus, and Grevillea vary in the same plant and at the same

level between wide limits. At the same time he comments strongly on the

want of precision inherent in the plasmolytic method.

' H. H. Dixon, Transpii'iiuoii and the Ascent of Sap, Progressus Eei Botnuicte, Bd.iii. Hit. 1,

1909, p. 60 et seq.

*E. Pringslieim, Wasserbewegnng und Turgorregulation in welkenden Pflanzen. Jahrb. f. wiss.

Bot. Bd. xliii. 1896.

3 A. T. Ewart, On the Ascent of "Water in Trees (First Paper). Phil. Trans. Roy. Soe.

vol. cxcviii, 189.5, B, p. 77, and idem (Second Paper), vol. cxcix, 190S, B. p. 311.
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In 1907 E. and H. Drabble^ investigated the osmotic pressure of the cells

of many plants, mostly herbaoeons, by the plasmolytic method. They
obtained results varying from 4.45-19.68 atm. In addition to many
interesting observations, they claim that their results show in general that

physiological drought is the principal determining factor in the osmotic

pressure of plants, and they hold that the plasmolytic method is, with certain

precautions, reliable.

By quite a different method one of us carried out a number of observa-

tions on tiie osmotic pressures in leaves. The metliod consisted in balancing

the internal osmotic pressure against high external gas-pressures.- The

danger attending the observations render the method unsuitable for a

detailed investigation of a large number of leaves under varied conditions.

The results, however, which were obtained by this method were consistent,

and indicated that the osmotic pressures in the leaves are at least as great as

the tensions developed in the sap. On the whole, the results obtained at that

time were a good deal higher than the generally accepted values for leaves

which were based on plasmolytic observations ; but, as will appear later, these

gas-pressure results have received a general confirmation in the present

research.

Sutherst,^ by squeezing the juice out of certain leaves, showed that the

sap so obtained has a freezing-point considerably below 0° 0. This author's

work was designed to explain why leaves do not freeze when exposed to

temperatures even below 0° 0. Sutherst's results were obtained with easily

expressed saps—e.g., celery, cabbage, and carrot, etc., amounting to seven in all.

Beyond stating that he used a small quantity—viz., 5 c.c.—and a

freezing-mixture of Glauber's salts and hydrochloric acid, Sutherst did not

describe what precautions he took in making these determinations : conse-

quently his results must be looked upon as of a preliminary nature.

The determination of the freezing-point affords a most convenient method

of measuring the osmotic pressure, which is constantly made use of in all

kinds of physical and physiological work. Livingston* used Sutherst's

determinations, and calculated the osmotic pressures they indicated.

With suitable apparatus and proper precautions the freezing-points of

various solutions may be determined with great accuracy. From this the

osmotic pressure of the solution may be deduced, inasmuch as the depres-

'E. and H. Drabble, The Kektion between the Osmotic Strength of Cell Sap in Plants and their

Physical Environment. Biochemical Journal, 1907, vol. ii., p. 11? et seq.

^ H. H. Dixon, On the Osmotic Pressure in the Cells of Leaves. Proc. Eoy. Irish Acad., vol. iv.,

ser. 3, 1S96, p. 61, and On the Physics of the Transpiration Current, Notes irom the Botanical

School, Trinity College, Dublin, No. 2, 1897, pp. 81 and 82.

SW. F. Sutherst, Chemical News, 1901, p. 234.

B. E. Livingston, The Kole of Diffusion and Osmotic Pressure in Plants. Chicago, 1903.

2 y2
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sioii of the freeziug-point of a solution and its osmotic pressure are directly

dependent on its concentration.'

Beckmann's apparatus, wbicli is usually employed in these determina-

tions, involves the use of a thermometer with a large bulb which m\ist be

immersed iu the solution whose freezing-point is to be determined. The

size of the bulb necessitates the use of a considerable quantity of the solution,

viz., 12 to 15 c.c. as a minimum. Such large requirements seemed to us to

preclude the application of the method to the determination of the osmotic

pressures of the sap of transpiring organs, of which but small quantities

can be conveniently obtained. Tiiis objection applies all the more strongly

to the other more elaborate methods of determining the freezing-points of

solutions as described in Hamburger's Osmotischer Dnick und lonenlehre.

In order to circumvent this difficulty, it occurred to us to replace the

mercurial thermometer by a thermocouple, and to compare directly the

freeziug-point of water with tliat of the solution. Past experience^ had shown

that with a suitable galvanometer and a single element of nickel and copper,

it is easy to obtain a motion of the spot of light on tlie galvanometer scale

of one millimetre for a difference in temperature at the junctions of 0"01° 0.

As the variations in the freezing-point of tlie sap of various plants and under

various conditions are large, this is ample delicacy.

Appavaius.

The couple for observing the temperature was made of a piece of silk-

insulated nickel wire 0'15 mm. in diameter, and 30 cm. long. Each end of

this was stripped for a few millimetres, and soldered to a fine insulated

copper lead. The nickel wire was bent in a V-form; and each lead was twisted

on the arm of the V to which it was attached. From the angle of the V the

two leads were twisted together till they again diverged from one another to

make connexion with the terminals of the galvanometer. Each arm of

the V was bound on a rigid rod to give it the necessary stiffness. This

support was either a piece of drawu pinewood injected with paraffin or

a goose-quill. The silk-insulation of the wires and the junctions was

smeared over with several coats of rubber-solution to water-proof it and

1 H. J. Hamburger, Osmotischer Druck und lonenlehre. Bd. i. "Wieshaden, J. V. Bergraann.

1902.

[While this paper was in press we received through the kindness of Professor F. Cavara two

papers containing important results obtained by tliis method, viz. F. Nicolosi-Eoncati, Ricerche

su la Conduttivita Elettrica e la Pressione Osmotica nei Vegetali. Bull, dell' Orto Botanico della.

II. Univ. di Napoli, T. ii., Fasc. 2°, 1907 ; and G. Trinehieri, Su le Variazioni della Pressione

Osmotica negli Organi della Salpichroa rhomboidea, Miers., ibid., T. ii., Fasc. 4°, 1909.]

- Henry H. Dixon, Observations on the Temperature of the Subterranean Organs of Plants, Trans,

lluy. Irish Acud., vol. xxxii., sect. B., part iii., p. 145 el scq.
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prevent short oireuiling and the oliemiual action of the solutions on the

junctions.

The sohition whose freezing-point was to be determined and the distilled

water which was to act as the standard were put into two small test-tubes

about 10 cm. long and 1 cm. iu diameter. These were supported in a large

cork bung which fitted into the neck of a cylindrical glass vessel. The latter

could be immersed up to tlie neck in a larger vessel which contained a

freezing-mixture of ice and salt.

The galvanometer emjDloyed is an Ayrton-Mather instrument manufac-

(ured by the Cambridge Scientific Instrument Co. Its resistance is 20'7 w.

The deflection at one metre for one micro-volt is equal to 10 mm., and for

one micro-ampere 206 mm. The translucent screen was set at 94 cm.

distance from the mirror of the galvanometer, while a Nernst lamp illuminated

the mirror.

Witli this form of apparatus the freezing-point of 2'5 c.c. to 5 c.c. of a

liquid could readily be determined with considerable accuracy to 0'01° C.

;

and a number of determinations of the freezing-points of saps extracted

from various leaves were obtained.

It will be noted that in this arrangement continuous leads connected the

junctions with the terminals of the galvanometer ; and at the outset it was

thought that, by thus avoiding all discontinuities in tlie circuit, and by having

the continuous leads themselves forming the junctions in the couple, all

extraneous thermo-electric effects, except those at the terminals of the

galvanometer, would be eliminated. This hope seemed to be confirmed

wlien, on placing the two junctions close together in a vessel of water, which

was vigorously stirred, the spot of light from the galvanometer-mirror came

to rest at the scale zero. Greatly to our surprise, however, when the two

junctions were put in melting ice, the zero was not attained if any part of

the V-shaped couple remained outside the ice and at a higher temperature.

This failure to reach the zero was not apparently due to heat conducted

more freely to one junction than to the other, as it occurred even when both

were immersed precisely to the same depth in the ice, and consequently

would receive sensibly the same quantity of heat conducted in from the

outside. As soon as the whole of the V was immersed in a vessel at 0° 0.,

this zero-error disappeared. It seems that for such a sensitive galvanometer

the bend acts as a junction, and the two halves of the nickel, not

being absolutely identical, act as elements of a couple. The difference of

temperature of the air and the melting ice is able, with tliis unlooked-for

couple, to produce a deflection of tlie spot of light on the scale amounting

to 4-7 mm.
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In order to avoid this zero-error, deeper vessels [in and e) were iised for

containing the freezing mixture and for enclosing the test-tubes (see fig. 1).

The latter (« and h) were as before carried in a perforated cork bung (c),

which, however, was made to fit loosely down into the inner vessel, and

was supported tliere by a stout bi-ass wire {w) passing down through an

upper cork (rf) wliich fitted the neck of the inner vessel ie) closely.

In this way the cold air-space en-

closed not only the tubes containing

the freezing liquids and the junc-

tions, but also included the whole

of the couple, which was thus

throughout its whole length brought

approximately to the temperature of

2o Galrfmcyncief? 'CnQ junctions. The rods (r and r')

supporting the arms of the couple

{J and J') were led througli holes

in the upper cork vertically over

the mouths of the tubes, so that tlie

fluids in the tubes could be kept

agitated during an experiment. In

order to equalize the effects of this

agitation, provision was made for the

connexion of the two upper ends of

the supporting rods by means of the

screw-clamp (s). This clamp served

as a handle which simultaneously

stirred both tubes. The small heat-

ing effects of stirring which have

been noted by other investigators

were in this way cut out.

It has been elsewliere noted' that

Fio. 1. tlie shifting of the zero of such a

galvanometer as must be used in these determinations is a cause of trouble,

and, unless specially guarded against, will give rise to inaccuracy. Two

kinds of shifting of the zero may be distinguished : one which occurs in the

galvanometer itself, even when the circuit is open, and the other which is

noticeable only when the circuit is completed. The first is due to the fatigue

of the metal-suspension, and may be observed whenever the galvanometer is

Trans. Roy. Irish Acad., vol. xxii, sect. B, pt. iii, p. 149.
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set lip. It is a very slow change, and may amount to 2-3 mm. in a day.

The second is only apparent when the circuit is closed, and seems to be due

to the difference in temperature of the terminals of the galvanometer.

When tlie galvanometer is carefully screened from rapid fluctuations in

temperature, this second error is also insignificant during the time of an

observation. In cases of excessive fluctuation of temperature it may amount

to 10 mm. in the day. In the later observations it was, however, completely

eliminated by the use of a reversing key in the circuit, by means of which

the deflection due to a difference in temperature of the junctions might be

instantaneously changed from side to side of the zero. The mean of the

deflections will then give the true deflection, irrespective of a zero-error due

to the difference of temperature of the terminals. It is evident that the

reversing key used with this object must be of special construction, so that

it shall not itself introduce thermo-electric effects into the circuit. "With this

object a modification of a key, used already successfully with thermo-couples

in tlie investigation of the temperature of plant organs, was adopted. This

key consists of a wooden-spring clip, carrying the exposed ends of the leads

coming from the galvanometer on the inside of its jaws. The leads from the

couple terminate on each side of a glass support. When the clip is closed

upon this support, the leads coming from the galvanometer lie at right angles

across those coming from the couple. Reversing the clip from side to side

of the support reverses the current. Even when the leads coming from the

galvanometer and from the couple are made from the same piece of wire,

differences of temperature on the opposite sides of the support and the clip

will be found to give rise to thermo-electric effects in the circuit. To

equalize the temperature of these parts, it was found convenient to immerse

the clip and the support in a vessel of petroleum which was kept stirred

during the observation. With this device the zero-error was satisfactorily

eliminated, and no thermo-electric error introduced.

The calibration of the apparatus was carried out by one of two methods.

At first the incompletely jacketed couple was used. While one junction was

kept in melting ice, the other junction, along with a Beckmann thermometer,

was placed in succession in solutions of sodium chloride of increasing

concentration. The deflection registered by the spot of light, and the

simultaneous reading of the thermometer at the freezing-point of the

solution, were recorded. By a series of these observations a satisfactory

calibration was effected.

The following are the observations for the calibration of the thermo-

couple No. 1 by this method.

Witli tlie Beckmann thermometer used, the scale-reading 4*140
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correspouded to the temperature of melting ice. Wlien the two couples

were at the same temperature, i.e., were close together in a vessel of water

vigorously stirred, tlie cross-line on the spot of light stood at 250 mm. on

the galvanometer scale, its middle point.

Calibration.
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100 grams of water. The curve iu the figure marked / is that traced by

the deflections of the galvanometer in connexion with couple No. 1,

corresponding to the freezing-points of the same solutions. As before, the

ordinates represent the concentration of the solution. But the abscissse for

this curve represent the deflection of the spot of light in millimetres. The

two curves lie close to one another, because each scale-division, viz. 1 mm.,

nearly corresponds to a deflection due to a difference of temperature of the

junctions of 0'01°O. Curve //is the plotting of the readings given by a

similar couple constructed as like the first as possible. Curve /// gives the

curve of couple No. 3, determined by means of the improved apparatus in

which the couple is completely immersed in the cold chamber ; and the zero-

error has been eliminated by the introduction of the petroleum reversing

key. It will be seen that the accuracy of the individual observations is

considerably increased, so that all the readings lie on a uniform curve.

The general agreement of the tiiree calibrations must be regarded as

satisfactory.

ExlraetioK of the Sap.

At tlie beginning it was feared that to obtain even 2'5 c.e. of sap from

leaves of most plants would be a matter of trouble and difficulty. Our first

method was to break up a weighed quantity of leaves to a nearly uniform

pulp in a mortar, and then to add a measured quantity of water to the pulp.

This water and pulp were intimately mixed together, and then as much of

the fluid as possible was pressed from the pulp and used for the determination

of the freezing-point. A separate observation gave the percentage of water

in the uninjured leaves. Knowing this, and the weight of the pulp and added

water, the dilution of the solutions caused by the addition of water to the

pulp was calculated ; and by suitable allowance the freezing-point of the

more concentrated original sap was deduced. The dilution does not introduce

more than a slight error. Our first seven observations were made by this

method of extraction. They are recorded in Nos. 1-7 of the Table of

Eesults.

Later on, to our surprise, we found that the pressing of the sap from the

leaves was quite an easy matter. To effect it, a few leaves, their midribs being

removed, are taken, and crumpled up into a tight pellet. The pellet is

wrapped in a double coat of fine linen and placed between the jaws of a

powerful vice. It was found convenient to have two stout silver discs, which

were not appreciably attacked by the sap, between which the pellet was

introduced into the vice. There were marked differences in the behaviour of

leaves under pressure. Some gave up their juice readily when first the jaws
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pressed them ; otliers reqiured to be somewhat broken up before the sap

would issue from them. Then it was necessary after the first crusliing to

open the vice, take out tlie crushed pellet, and loosen and crumple anew the

compressed mass of 'leaves witliin. On the second or third readjustment of

this sort the sap usually flowed freely from the crushed leaves. In tliis

manner sap was expressed more or less readily from all the leaves tried, with

tlie following exceptions :

—

(1) The leaves of Tilia micropliylla.—Only one sample of this tree was

tried, but from it could be obtained no more sap tliau would just moisten the

linen.

(2) Shoots of Tliuja plicala also yielded extremely little sap, wliich, owing

to its very viscid nature, would not drop from the linen.

(3) The buds of Syringa vulgaris, taken at the end of September, also

refused to yield any appreciable amount of sap.

At tliat stage we were unable to devote the time to see if the difSculties

which prevented sap being obtained in these three cases could be surmounted;

and it remains to be ascertained whether, by more painstaking work, these,

too, can be got to yield sufficient sap, or whether the list of organs whicli

cannot be treated in this manner will have to be extended.

When pressing the sap one cannot fail to be struck with tlie difference in

colour of the sap issuing from various leaves ; and one is astonished to find

intense coloration in. the pressed sap from leaves apparently of the purest

green. For example, the green leaves of Syringa vulgaris, Fraxinus excelsior.,

F. oxypliylla, Catalpa bignonioides, Magnolia acuminata, all yield a sap more

or less intensely brown. In some cases—e.g. Syringa vulgaris—it is of such

a deep colour that it appears almost opaque when held up to bright day-light

in a small test-tube about 1 cm. in diameter. This coloration does not appear

to be due to oxidation, as it is observed in the drops as they issue from

the leaf. In some cases it intensifies on exposure to the air ; but this change

is a slow one.

From other leaves the sap is of a greenish-grey hue—e.g. from the leaves

of Vitis (Ampelopsis) Veitchii, Pier is aquilina. This coloured sap is also

found in the green shoots of Equisetum Telmateia.

Pale-green sap is found in Wistaria sinensis, Eucalyptus globulus, Pinus

Laricio, Cordyline australis, 0/iamaerop)s humilis, Iris germanica. In the case

of Vitis, Wistaria, and Eucalyptus, leaves which were evidently coloured by

anthocyan yielded a sap tinged with pink. Heliantlius muUiflorus was

remarkable in yielding an almost black sap. The sap of the roots examined

was of a paler hue in the ease of Syringa vulgaris than that of the leaves.

The roots of Eucalyptus yield an ochre-coloured sap.

2z2
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E.r2yerimcnfnl.

Having set up the galvanometer and scale, and couuected the leads of

the spring-clip to the terminals of the galvanometer, freshly boiled distilled

water is introduced into one of the test-tubes in the frame, and about 3 c.c. of

the pressed sap into the other, and the junctions of the thermo-couple are

immersed in them. The freezing-jacket, consisting of ice and brine, is

adjusted to a temperature 0'5°- 1'0° C. below tlie suspected freezing-point of

tlie sap. The two test-tubes are cooled in a freezing-mixture, and a lining of

ice is formed in that one vrhich contains the distilled water. The junction

stands in tlie liquid surrounded by a shell of ice. The sap is by this time

probably cooled below its freezing-point, but will only begin to freeze after

its "inoculation" with an ice-crystal or the local application of intense

cold. When by either of these means crystallization has been started, the

frame carrying the test-tubes is immersed in the freezing-chamber ; and

connexion is made between tlie couple and galvanometer by setting the clip

on the terminals of the former. During this time tlie junctions are kept

stirred about in their test-tubes by moving the clamp liolding the supports.

Immediately on connexion being made, the spot of light moves from zero, and

assumes a position due to the depression of the freezing-point of the sap

below 0°C. The first observation made in this way usually gives too

great a depression, because the sap has probably been supercooled ; and

consequently a great deal of ice separates out, leaving the remaining liquid

much concentrated. This ice should now be very gradually melted. When

the test-tubes are again introduced into the cooling-cliamber, after a very

small amount of supercooling, crystallization usually supervenes, as minute

ice-crystals remain over after the first freezing, unless the sap has been warmed

considerably above 0° 0. This leads to a slight rise in temperature, which is

recorded by a small movement of the spot of light towards the zero. Wlien

the spot of light has come to rest—in the meantime stirring is continued

—

a reading is made, and immediately by means of the clip the current is

reversed. The spot of liglit now travels to the other side of the zero

;

and when it is again motionless, its position on the scale is recorded. The

mean of the two deflections (by referring to the deflection curves and Raoult's

temperature curve given in fig. 2) afl'ords the measure of the depression of

the freezing-point. After some practice and experience reliable readings are

obtained with certainty.

In the following tabular statement of our results, the depression of the

freezing-point of the sap is found in the column under A. Tlie osmotic

pressure given under P has been calculated from the known relation between
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it and the freezing-point. This relation has been determined experimentally

and also deduced theoretically. Nernst gives the equation ' :

—

A X 12'03 = P in atmospheres.

In 'column M is fouUd the calculated mean molecular weight of tlie

dissolved substances causing tlie depression of freezing-point. To obtain this

it is necessary to ascertain the weight of the solvent and tlie dissolved

substances in the solution. These data are obtained by filtering and
weighing the sap after its freezing-point has been determined, by evaporating

to dryness in a steam-oven and weigliiug the residue. M is then obtained by
the formula^ :

—

In this s = weight of solute, and L weight of solvent, viz. tlie weight of

the sap mimes the weight of the dissolved substances.

Great accuracy is not to be expected from this method of determining the

molecular weight ; but it is hoped that by its means an indication of some
value has been obtained of the composition of the sap. Where the mean
molecular weight is much above 200, it seems reasonable to suppose a

disaccharide such as saccharose (mol. wt., 342) or maltose is a large con-

stituent of the dissolved substances, while, when the molecular weight is

found to be about 150, these bodies cannot be present in any large proportion.

1 W. Nernst, Theoretical Chemistry. English Translation of Fourth Edition. Macmillan,
London, 1904, ]). 144.

• James Walker, Introduction to Ph3sical Chemistry. Macmillan, Loudon, 1899, p. 186.

[Table of Results
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Table of Eesults.

No. of

Expt.
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Table of Results—continued.

Description of Sample.

Cerasus Laurocerasus leaves.

From 4 ft. level on south side, gathered 10 a.m., Sept. 10,
sunny morning, 9 hours' sun day hefoie,

From 4 ft. level on north side, gathered 10 a.m., Sept. 10,
sunny morning, 9 hours' sun day before,

Sijrwga rulgaris (country specimen), S."W. exposure : leaves.

Gathered 6.30 p.m., Sept. 8, after showery, bright day,
8 hours' sunshine, examined 11 a.m., Sept. 9,

Gathered 5 a.m., Sept. 9, after fine night, examined 11.30,
Sept. 9, . . . .

Gathered 6 p.m., Sept. 9, after dark day, no sunshine,
examined 11 a.m., Sept. 10, .

Gathered 6 p.m., Sept. 9, after dark day, no sunshine,
exposed to diffuse light till beginning to wilt, then
examined, ......

Gathered 6 p.m., Sept. 9, after dark day, no sunshine,
exposed to diffuse light, supplied with water.

Gathered 6.30 p.m., Sept. 10, after bright, breezy day,
9 hours' sunshine, examined 11 a.m., Sept. 11, .

Shaded leaves in dark bag from 3p.m., Sept. 11, tilllOam.,
Sept. 13, then gathered, examined noon, Sept. 13,

Exposed leaves gathered 10 a.m., examined 11 a.m., Sept. 13,

control of 37, some sunshine each day, .

Same as previous sample, exposed with petioles in water,
12-1.30 p.m., to sun and wind, . . . .

Same as previous sample, kept with petioles in water in

the dark, noon Sept. 13—noon, Sept. 15,

Gathered 6.30 p.m. after bright day, 7 hours' sunshine,
pressed 9.30 p.m., Sept. 13, examined 11 a.m., Sept. 14,

Gathered 6.30 p.m. after bright day, 7 hours' sunshine,
pressed 11.30 a.m., examined noon Sept. 14,

Syringa vulgaris (country specimen), E. exposure: leaves.

Gathered 10.30 a.m. after sunny morning, and examined
same day 11.30 a.m., Sept. 14, .

Gathered 10.30 a.m., sunny morning, in bag on tree

Sept. 15-17 [5'4 + 7'5 hours' sunshine], examined noon,
Sept. 17,.......

Gathered 10.30 a.m., control of previous, not enclosed
in bag, otherwise similarly treated,

Gathered 10 a.m., sunny morning, in bag on tree, Sept. 15-18
[5'4 + 7'5 + 7"6 hours' sunshine], examined 11.30 a.m.,
Sept. 18, .

Control of previous, not enclosed in bag, otherwise treated

similarlv, ......
In bag, 10 a.m. 18th, gathered 10.30 a.m., Sept. 24

[6-5 + 3-4 + 7-4 + 0-7 + 0-6 + 4-2 hours' sun], examined
11 a.m., Sept. 24, .....

Control of previous, similarly treated but not in bag.
In bag 10 a.m. loth, gathered 10.30 a.m. Sept. 22, dull

morning, examined 11.30 a.m., ....
Control of previous, similarly treated but not in bag,
Exposed leaves gathered wet morning, 10.30 a.m., Sept. 27,
examined 11.30 a.m., .....

0-600

0-568

7-22

6-83

1-580
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Table of Rp^sults—contiiiiiPcL

No. of

Expt.
Description of Sample.

Syringa milgaris (country specimen), E. exposure ; leaves.

Shaded leaves gathered 10.30 a.m., wet morning, exam-

ined noon Sept. 27, 25tli, 2-9 hours', 26th, hours' sun, .

Part of previous sample kept in close jar in dark, examined

11.30 a.m., Sept. 30, .... •

In hag 18th, gathered 10.30 a.m., Sept. 30, fine morning

after 2 days' wet, . . _ .

Control of previous, similarly treated hut not in hag,

Part of sample 55 kept in dark in closed jar 2i hours and

examined, ......
In hag Sept. 18, gathered 10.30 a.m., Oct. 9, 21 days in

hag, examined 11.30 a.m., Oct. 9,

Control of previous, simOarly treated but not in hag, some-

what loose and inclined to fall, hut still green, .

Exposed leaves, yellowish, ready to fall, gathered wet

morning, 10 a.m., Oct. 23, . .

Exposed leaves, green, fairly firmly attached,

Syringa milgaris (town specimen), S. exposure : leaves.

Gathered 2.45 p.m., morning sunny, Sept. 14, examined

immediately, hranch (a), . . . . _ .

Gathered 2.45 p.m., morning sunny, Sept. 14, examined

immediately, branch (ff), . . _ .

Gathered 2.45 p.m., morning sunny, Sept. 14, examined

immediately, hranch (7), .

Halves of the leaves of branch (7) kept in closed jar in

dark, examined next day, . . . _ .

Gathered 2.30 p.m., Oct. 25, aftersunny morning, examined

immediately, • . • •
, •

Halves of leaves used in previous, pressed immediately,

sap kept and examined next day,

Halves of leaves used in 66, kept in dark till next day,

then pressed and examined, ....
Gathered 2.30 p.m., morning dark, Oct. 26, pressed and

filtered immediately, sap kept and examined next day, .

Gathered 2.30 p.m., morning dark. Out. 26, pressed and not

filtered immediately, sap kept and examined next day, .

Gathered 10.30 a.m., Oct. 28, half leaves pressed and exam-

ined immediately, .....
Gathered 10.30 a.m., Oct. 28, half leaves kept 24 hours m

dark., pressed and examined Oct. 29,

Gathered 10.30 a.m., Oct. 28, half leaves pressed and filtered

immediately, sap kept and examined next day, .

Gathered 10.30 a.m., Oct. 28, half leaves pressed, not filtered.

Sap kept 24 hrs., examined Oct. 29, .

Syringa vulgaris (country specimen) : roots.

Gathered 10 a.m., Sept. 25, examined noon same day,

Part of last sample, kept in closed jar in dark 2 days,

examined noon Sept. 27, .

Gathered 10 a.m., wet morning, examined 1 p.m., Oct. 23, .

Gatliered 2.30 p.m., examined immediately Oct. 28,

Gathered 9 a.m., examined 11 a.m., Oct. 30,

171

080

•010

608

157

•963

.505

.215
[•345

1^306

1-315

1-310

1^215

1-220

1-227

1-445

1-466

1^424

1-424

1^540

1-605

0-460

0-456

0-357

0-190
0^425

172

179

156
250

217

249

256

16^70

15-81

15-76

17-24

14-61

14-67

14-76

17-38

17-.52

17-13

17-13

18-62

18-10

5-53

5-48

4-29

5-90
5-11

193

246

231

252

211

217

210

216

167
254
208
184
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Table of Results—continued.

Description of Sample.

Wistaria sinensis (country specimen) ; leaves.

From short basal shoot 3 ft. level, gathered 9.30, snnny
morning, examined 11.30 a.m., Sept. 8,

From distal end of horizontal branch 65 ft. long, 3ft. level,

gathered 9.30 a.m., examined 11.30 a.m., Sept. 8,

From 27 ft. level, exposed, gathered 9.30, dull morning,
examined 11.30 a.m., Sept. 9, S hours sun, Sept. 8,

From 3 ft. level, shaded, gathered 9.30, dull morning,
examined 11.30 a.m., Sept. 9, 8 hours' sun, Sept. S,

Part of sample 82, kept in dark without water supply and
notshielded from evaporation, examined 11a.m., Sept. 10,

when some leaves were showing signs of wilting,

Pinus Laricio : leaves.

From current year's growth at 14 ft. level, gathered

10 a.m., examined noon, Oct. 9, . . .

From last year's growth at 14 ft. level, gathered 10 a.m.,

examined noon, Oct. 9, .

Eucalyptus globulus.

Buds and small leaves up to 3 cm. long, gathered Oct. 5 from
tree A, bright showery morning, examined noon.

Young stems from last sample, .
,

Leaves about 10 cm. long from same branches as in two
foregoing, ......

Leaves about 15-20 cm. long from same branches as in

three foregoing, .....
Mature horizontal leaves gathered from tree B, 10 a.m.,

examined 11.30 a.m., Oct. 7, .

Mature vertical leaves gathered from tree B, 10 a.m.,

examined 11.30 a.m., Oct. 7, off same branch as 91,

Muture horizontal leaves of previims year, reddish ; treated

as in last, off same branch as 9
1

,

Roots gathered 10 a.m., wet morning, examined 12.45 p.m
,

Oct. 23, ......
Miscellaneous Determinations.

Equisetum Telmateia, green lateral branches, gathered 9.30

a.m., examined 11.30 a.m., Sept. 12, 9 hours' sunshine

day before, ......
JPteris aquilina, pinnae, overshadowed, gathered 10.30 a.m.,

examined 4.30 p.m., Sept. 23, .

KeUiinthus mtiUifiorun in sunshine, not insolated in morning,

gathered 12.30 p.m., examined immediately, Sept. 15, .

Seliantlius multiflorns in shade, insolated earlier, 12.30 p.m
.

,

examined immediately, Sept. 15,

Cordyline australis, top leaves 13ft. high, gathered 10.30

a.m., sunny, examined 3.30 p.m., Sept. 23,

Chamaerops humilis, 6 ft. level, gathered 10 a.m., dull,

examined 11.30 a.m., Sept. 24, .

Iris germanica, gathered 2.30 p.m., bright day, examined

3 p.m., Oct. 3, . . . .
' .

0-412

0-437

0-550

0-4-13

0-946

0-910

1-045

-673

-683

-507

-526

666

0-433

0-946

0-619

0-605

0-6-19

0-543

0-315

0-600

4-95

5-25

6-61

5-53

11-38

10-95

12-57

7-44

7-28

7-63

6-53

3-79

7-22

149

169

162

169

115

192

199
120

198

208

200

169

280

169

160
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Discussion of Results.

At the outset it was necessary to find out if there really existed any

regularity in the osmotic pressures of leaves, and to examine the possibility

that the exact pressures were of no consequence, and that measurements of

them might show them to vary in quite an erratic manner.

Experiments 62, 63, 64, 65 were made with a view to test this possibility.

Table II.

Syringa vulgaris : Leaves.

No. of

Expt.
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encountered difBculties and left tlie question undecided. In our experiments

sap was pressed from leaves taken at a considerable height above the ground
;

and its freezing-point was compared with that of leaves from near the ground-

level. The following pairs of experiments bear on this question.

Table III.

No. of

Expt.
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Table IV.

WMaria sinensis : leaves.

jSTo. of

Expt.
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of the water-tracts was not tlie controlling factor of the pressure ; accordingly

some other cause for its variation must be sought. This cause seems to be

piincipally the fluctuations in the sugar-content of the leaves due to difference

in illumination. In expt. 21 and 22, the leaves of which are from shaded

positions, smaller pressures are found than in expt. 24, which was performed

on sap from leaves in a sunny position, while expt. 23 on leaves coming

from the outside of the crown facing a clear north sky, and being

consequently better illuminated tlian the other two samples, 21 and 22, has

a higher pressure than they, though considerably lower than in 24.

The effect of exposure to the sunlight on the osmotic pressure is

illustrated by a great number of experiments. Nos. 2v) and 30 show the

difference between the pressure in leaves on the north and south side of a

shrub of Cerasus Laurocerasus.

Tablk Y1.

Cerasus Laurocerasus : leaves.

No. of

Expt.
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Similarly the osmotic pressure iu leaves gathered after a dull day is

lower thau after a bright one, as appears from the foUowiug observations.

Table VIII.

Syrhuja nilgariis : leaves

No. ol

Expt.
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Table X.

Syringa vulgaris : leaves.

No. of

Expt.
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A similar series is exhibited in tlie following table :

—

Table XI.

Syringa vulgaris : leaves.

No. of

Expt.
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From tlie third pair of observations it appears that translocation, or some

other process, increased tlie percentage of disaccliarldes, or possibly salts of

organic acids, among the solutes to more than restore the original mean

molecular weight, while the actual concentration of the solution has further

diminislied, so that the comparatively low osmotic pressure of II '58

atmospheres is attained.

These experiments are interesting, showing that the external conditions

can bring about a great change in the osmotic pressure of leaves, viz., from

24'57 to 11 '58 atmospheres.

Table XII.

Si/ringa vulgaris : leaves.

No. of

Expt.
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Table XIII.

Syringa vulgaris : leaves.

No. of

Expt.



Dixon and Ai'Kins— On Osmotic Pressure in Plants, ^c. 30l

At the eud of the experiment, some of the leaves in sample b had bei^un

to wilt. It is evident that in this case the concentration due to loss of water

was responsible for the greater part, but not all, of the rise in osmotic pressure.

In the figures given above (see Table VII.) experiments Nos. 31 and 32,

leaves gathered in the evening were set aside, kept from light, and pro-

tected from evaporation, and were then compared with others gathered next

morning. On examination the evening sample gave a greater depression of

freezing-point. It is evident that some or all of this increase might be due

to some change taking place during the night in the gathered leaves.

Experiments 41 and 42 bear upon this point. In these it is shown that

the keeping, although introducing a change, will not account for the total

difference observed. The loaves gathered, after seven hours' insolation, were

divided into two lots

—

a and b. From a the sap was pressed immediately,

and kept over till next morning for investigation. Lot b was set aside

uninjured, protected from light and evaporation till nest morning. Its sap

was then pressed and investigated. The figures are repeated here.

Table XV.

Si/ringa vulc/ans : leaves.

No. of

Expt.
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Table XVI.

Syringa vulgaris : leaves.

No. of

Expt.
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Table XVIII.

Si/rin.ga vulgaris': leaves.

No. of

Expt.
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the leaves later in the season, or possibly the lower temperature at wliich

the gatliered leaves and saps were kept. These later results are summarized

in the following tables :

—

Tabi,e XX.

Syringa vulgaris : leaves.

No. of

Expt.
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some 10 e.c. of sap were pressed immediately, and divided into three parts.

The first was examined immediately. The second was filtered, stored till

next day, and then tested. The third was stored unfiltered, and tested next

day. Lot b was stored in the dark till next day, when it was pressed and

examined.

Table XXII.

Syringa vulgaris : leaves.

No. of

Expt.
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Physiology of Foliage Leaves, the amounts of the various sugars found

immediately on gathering leaves of Tropceolum majus, and the amounts

determined after the leaves had been kept twenty-four hours in darkness.
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favourable to assimilation and transpiration, be considerably raised appears

probable from experiments 38 and 39. The former shows that the pressure

of the leaves when gathered was 17'12 atmospheres, while the latter shows

that, by exposing some of the same sample of leaves to very favourable

conditions, this pressure was caused to rise to 25'68 atmospheres. A similar

rise is shown in experiments 33 and 34, where assimilation and transpiration

liave caused a rise from 16"26 to 24'07 atmospheres. These observations

would lead us to believe that tlie osmotic pressure of the sap of leaves of

Si/riiiga vulgaris might easily rise to 30 atmospheres or more.

Turning now to the determinations of the mean molecular weights of

the dissolved substances, they are seen to vary from 156 to 273. The great

majority lie about, or over, 200. It is remarkable that, while screening the

leaves from light always reduces the osmotic pressure, it often has little or

no effect on the mean molecular weight. In fact, the highest mean molecular

weight observed in the series on Syriiiga was in the sap of leaves which

had been cut off from light for three days (experiment 46). On the other hand,

the lowest mean molecular weights are also found after the leaves have been

out off from light (cp. experiments 37, 63, and 55). As was pointed out

before, we must probably look to the fluctuation of the sugar-content of the

cells as the chief cause of variation in the mean molecular weight of the

dissolved substances. When the percentage of the disaccharides rises, the

molecular weight will more nearly approach 342, the molecular weight of

saccharose and maltose. A rise in the concentration of the monosaccharides,

dextrose, and levulose, having a molecular weight of 180, will not necessarily

tend to bring up the mean molecular weight of the solutes above that figure.

The formation of organic acids will not tend to bring the mean molecular

weight above 200. The fact that saccharose is known to be formed

during assimilation is sufficient explanation of the observations showing

that insolated and well-illuminated leaves have a sap with a high mean

molecular weight. The general high mean molecular weight of the

solutes in the sap of leaves screened from light must be explained by

assuming that some disaccharide is produced in them or is transported

to them. From Brown and Morris's elaborate work it is certain that

maltose is developed by the action of diastase on stored starch. They

show reason to believe that carbohydrates are transported in the form of

levulose. This would seem to cut out translocation as the direct means of

maintaining the high molecular weight, and would seem to show that the

hydrolysis of starch explains the high molecular weight found in these cases.

The very low values exhibited in some of the experiments on screened

leaves are also readily explained by the exhaustion of stored carbohydrate,

SCIENT. PROC. E.B.S., VOL. XII., NO. :XXV. 3
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viz. starch. The mean molecular weight, 160, observed in experiment 37, is

to be explained in this way. The leaves under observation in this experi-

ment grew in a naturally overshadowed position, so that they had little

opportunity of storing starch. Screening them completely from light pre-

vented them from forming saccharose, and consequently the mean molecular

weight of their sap was run down in three days to the low figure of 160.

In marked contrast to this is the behaviour of most of the other screened

samples which, before they were artificially screened from light, were in an

exposed position. In them presumably', as has been pointed out, the stored

carbohydrates present were able by their conversion into maltose to keep up

the mean molecular weight. The low mean molecular weight of experiment

53, viz. 172, was likewise found in leaves which were naturally in an over-

shadowed position, after a continuance of cold and wet. In this case, too,

there is reason to assume an absence of starch and consequently, no source

of maltose, while the dark weather and shaded position prevented an active

formation of saccharose. In experiment 55, we have the record of the

lowest molecular weight for Syringa. The leaves had been cut off from

light for twelve days, so that their supply of starch must have been

approaching exhaustion. That it was not quite exhausted is shown by the

fact that a rise in osmotic pressure and molecular weight was observed when

some of the same sample of leaves were kept in the dark after gathering for

twenty-four hours. This observation rendered it probable that the low mean

molecular weight was due to retardation of the hydrolysis of starch in the

dark weather, and not to its exhaustion.

This conclusion was rendered all the more probable by a subsequent

observation on the remaining leaves of the darkened shoots. From this it

appeared, although cut ofE from light as before, the mean molecular weight

rose subsequently on the return of the favourable conditions. Thus in

experiment 58, made nine days later on these leaves—that is, after they had

been in almost complete darkness for twenty-one days—the mean molecular

weight had risen to 249. The general supply of carbohydrate, however, being

much reduced by the long sojourn in the dark, the osmotic pressure had

fallen to 11-58 atmospheres.

Leaves from the same branch, as was shown before, seem in each case

investigated to have approximately the same osmotic pressure when exposed

to the same conditions. The experiments on Eucalyptus globulus (Nos. 89

and 90, 91 and 92) and Pinus Laricio (Nos. 85 and 86) further illustrate this.

In both these cases, however, the leaves of the previous year showed a dis-

tinctly higher figure for the osmotic pressure of the sap than those of the

current year.
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Another point which stands out clearly from the observations is the

contrast offered by the sap of the roots to that of the leaves. In Syringa

the pressure of the sap of exposed leaves was found to vary from 14 to 24

atmospheres, while that of the roots lay between 4 and 6 atmospheres. In

Eucalyptus the osmotic pressure of the leaves ranged between 6-1 and 8-4

atmospheres ; that of the roots was 5'3 atmospheres.

Large diifereuees were observed in the mean molecular weight of the sap

of the roots of Syriuga, viz. 167 to 254. The former of these was obtained

at the end of September, and tlie latter towards the end of October.

Possibly the lower figure represents the normal mean molecular weight of

the solutes of the root-sap, while the higher figure is attained only when

large quantities of carbohydrates are being transported from the leaves into

the roots, e.g., previous to the shedding of the leaves. In succeeding

observations the dissolved substances in the sap of the root showed signs

of gradually regaining their original low molecular weight. The second

change may have been brought about by the deposition of starch in the

roots, and tlie consequent reduction in the amount of dissolved sugars of

high molecular weight.

It may be noted that the lowest osmotic pressure observed so far by this

method was in the sap of the leaves of Chamaerops humilis, viz. 3 '79 atmo-

spheres. This sap is also remarkable in containing dissolved substances

having the highest mean molecular weight observed, viz. 323. The sap of

the three monocotyledons examined was remarkably clear, being almost

colourless, and strikingly different from the dark sap of many of the other

plants.

Only two cryptogams have been examined up to the present. The

osmotic pressure of their sap is in no way remarkable. The mean molecular

weight of the dissolved substances of Bquisetum is very low, viz. 122. This

is the more remarkable, seeing that the sap was obtained from insolated

plants, and there had been nine hours' sunshine on the previous day. Possibly

the observation may indicate that a sugar of low molecular weight, such as

glucose, is formed in the early stages of the assimilatory process.

Glancing over the list of determinations, it will be seen that in several

instances the osmotic pressure of the sap of the leaves investigated was very

high, viz. :

—

Catalpa bignonioides,

Syringa vulgaris.

Magnolia acuminata,

Fraxinus excelsior,

Fraxinus oxyphylla.

22'9 atmospheres.

26-8

22-3

25-2

24-0
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These determinations agree well with the highest determinations obtained

by the gas-pressure method. It is also possible that, being observed late in

the summer, when the conditions for assimilation and transpiration were not

optimal, these pressures are not maxima, but might be higher under more

favourable conditions ; and in several cases it has been found possible to

considerably raise the pressure by evaporation before wilting ensues. In

any ease the observations show that the osmotic pressures in the cells of tlie

leaves are more than ample to resist the tensions developed in the transpira-

tion-current.

Conclusions.

1. Osmotic pressures are variable with the species and individual.

2. Leaves of the same individual under similar conditions have the same

osmotic pressure.

3. In the same individual considerable variations are found under varying

conditions ; for example, in 8yringa vulgaris, the pressure in the leaves of one

plant was found to vary from 24*58 atmospheres to 11'58 atmospheres.

4. Variation in pressure is not defined by the heiglit of the leaves above

the ground, nor by the resistance of the conducting tracts supplying the

leaves. In each case the osmotic pressure was much greater tlian the tension

of the water-supply could have been.

5. The variations in the osmotic pressure observed are probably due

principally to fluctuations in tlie carbohydrate - contents of tlie cells.

Assimilation leads to a rise in the osmotic pressure, and in the mean mole-

cular weight of the solutes.

6. A similar, but smaller, rise in osmotic pressure, and a similar rise in

mean molecular weight, may be observed in plucked leaves stored in the

dark. These changes are probably due largely to the hydrolysis of saccha-

rose and of starch.

7. No such rise was observed in starved leaves or in roots kept in the

dark.

8. The osmotic pressure of leaves still attached to a plant may be

reduced greatly (e.g. from 18'10 to 11*58 atmospheres] by shielding from

light.

9. Other things being equal, mature leaves showed a higher osmotic

pressure than developing leaves.

10. The roots examined had comparatively low osmotic pressures, viz.,

4 to 6 atmospheres.
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11. The gi-eatest depression of freezing-point was recorded by the sap of

Si/ringa vulgaris, viz. - 2'234° C, corresponding to an osmotic pressure of

26'87 atmospheres. Tlie smallest depression was found in tlie sap of

Chamaerops hmnilis, and amounted to only - 0'315° 0., equivalent to an osmotic

pressure of 3-79 atmospheres.

12. It is not probable that 2687 atmospheres is the maximum osmotic

pressure for St/ringa vulgaris. It was found that assimilation and evapora-

tion could raise the osmotic pressure of leaves from 17'12 atmospheres to

25'68 atmospheres before wilting supervened. In summer, when the leaf-

cells are loaded with greater quantities of sugars, the wilting concentration

will be higlier. In this case pressures from 30 to 40 atmospheres in Si/ringa

vulgaris are not improbable.

iSCljiivr. PEOC. R.D.S., VOL. XII., NO. XXV.
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11. The greatest depression of freezing-point was recorded by the sap of

Syringa vulgaris, viz. - 2-234° 0., corresponding to an osmotic pressure of

26'87 atmospheres. The smallest depression was found in the sap of

Chat)iaerops humilis, and amounted to only - 0'315° C, equivalent to an osmotic

pressure of 3'79 atmospheres.

12. It is not probable that 2687 atmospheres is the maximum osmotic

pressure for Si/ringa vulgaris. It was found that assimilation and evapora-

tion could raise the osmotic pressure of leaves from 17'12 atmospheres to

25 '68 atmospheres before wilting supervened. In summer, when the leaf-

cells are loaded with greater quantities of sugars, tlie wilting concentration

will be higlier. In this case pressures from 30 to 40 atmospheres in Si/ringa

vulgaris are not improbable.
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XXVI.

PERMANENT STEEL MAGNETS.

By W. brown, B.Sc,

Professor of Applied Physios, Royal College of Science for Irelanrl.

[Read DECuMBiiR 21, 1909. Ordered for Publication .Tanuarv 11. Published Febeuaky 21, 1910.]

Section 1.

The first important experiments ou periuaiieut steel magnets—since tlie

publication of Gauss's paper on Terrestrial Magnetism in 1832—were made

by T. Gray^ in 1878, who gave the results in absolute e.g.s. measure. The

magnets he used were 5 cm. long, and O'l cm. diameter, or about 60

diameters long ; and the magnetic moment per gramme varied from

62 to 79.

In 1882 L. M. Olieesman^ published the results of some important

experiments on magnets made of English silver steel, wliich were hardened

by stretching; he found that the best retentivity was obtained with a

magnet of dimension ratio^ (length divided by diameter) 41 ; the diameter

being 0'128 em.

In 1885 T. Gray* published the results of some determinations of the

horizontal component of the earth's magnetic field, and at the end of his

paper a table of values is given for glass-liard steel magnets. By plotting

from this table tlie dimension ratio of the magnets against the magnetic

moment per gramme, we find for the kind of steel he used, that the best

length of magnet would be 10 cm., or dimension ratio 30, and magnetic

moment per gramme 40.

In 1887, the author" published the results of some tests of steel magnets,

where, among other things, an attempt was made to obtain the most effective

dimension ratio for a given diameter of magnet.

'Phil. Mag., vol. vi., 1878, p. 321.

^Wied. Anna!. Bd. xv., 1882, p. 204.

3 In the Phil. Mag., vol. xvii., 1909, p. 733, Professor S. P. Thompson and E. W. Moss deHne

dimension-ratio as the length of the magnet divided by the square root of its cross-seetional area.

By this method, magnets whose cross-sections are round, square, or oblong can be compared.

iPhil. Mag., vol. xx., 1885, p. 497.

6 Phil Mag., v<d. xxiii., 1887, pp. 293 and 420 ; vol. -x.tvii., 1889, p. 270,
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Some results of experiments, published by H. Frank' in 1900, on

English silver-steel confirm the results obtained by T. Gray ; the author

also gives some interesting oyolic curves obtained by relating magnetic

moment and temperature.

The first section of the present short paper gives the result of some

experiments in wliicli an attempt has been made to find the best length of

magnet to use for a given diameter, the same kind of steel being used

throughout, and in the same physical condition. By the best length is meant

that obtained from the dimension ratio which gives the highest magnetic

moment per gramme, for a minimum weight of material.

For this purpose Stubs' tool steel was employed, a material the chemical

composition of whieli is not made public; but it can be obtained of eylinilrical

section in lengths of 33 cm. or so, and of diameter up to one centimetre or

more, of practically the same cross-sectional area throughout each length.

Twelve different sizes of this steel were obtained, varying in diameter

from 0'16 cm. to 1"0 cm., and six magnets of each sample were made

varying in length from 15 cm. to 4 cm.

The magnets were all submitted to the same heat-treatment, that is, they

were raised to a bright red heat in a gas muffie furnace, and tiien dropped

end on into 3 feet of water at 16°0., they were then cleaned up, measured,

and weighed, and magnetized in a magnetic field of 2,000 c.g.s. units.

The magnetic moment per gramme, or specific magnetization of each, was

then carefully determined by means of the usual magnetometrie method.

The results for each set of magnets were then plotted in a curve, when the

abscissse represented tlie dimension ratio, and the ordinates the magnetic

moment per gramme.

The values for one set of experiments are here given in Table I., and

shown as a curve in fig. 1.

Table I.

Length and diameter
of magnets in cms.
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From the curve in fig. 1 we see that as the dimension ratio increases the

magnetic moment per gramme increases up to a certain point, and then tlie

curve becomes flat, showing that there is one value of the dimension ratio,

or one value of the length of magnet for a given diameter tiiat gives the

best result. That is, in tliis curve the dimension ratio 80, or a magnet of

length 12'8 cms., is the best length to make witli this steel of 0-16 em.

diameter.

The same operations were gone through for other eleven samples of the

same kind of steel, i.e. six magnets were made of eacli, tempei'ed, cleaned,

weighed, and tested for magnetic moment per gramme.
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Table II.

315

Diameter of magnet
(cms.)
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In order now to test what would, be the best shape of magnet to make

with tliis same Stubs' steel, four magnets were made, each 10 cms. long,

and 0'4 cm. diameter.

Magnet A was a cylinder witli its end-surfaces at riglit angles to its

length ; B had each of its ends rounded off into a hemisphere ; C liad its

end-surfaces at riglit angles to its length, but was turned down to 0'3 cm.

diameter at eacli end, the middle cross-section being 0'4 cm. diameter ; and

magnet D was the same shape as C, with each of its ends turned down to 0"2 cm.

diameter, the middle part also being 0"4 cm. diameter. Magnets C and D
were approximate elongated ellipsoids. These four magnets were hardened,

cleaned, weighed, magnetized, and tested as in the previous cases. The

magnetic moment per gramme of each was carefully determined, and also

the percentage loss in the magnetism of each, when they were let fall end on

(with the true north or south-seeking pole downwards) five times through a

height of 100 cms. on to a block of glass. The results obtained are shown

in Table III.

Tablk III.

Mark.
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Sheffield. The writer endeavoured to find out whether these tliirty specimens

were suitable for permanent magnets. After a good deal of preliminary

work only fourteen of them were found to give anything lilje satisfactory

results, and for tlie purpose of testing, these were all turned down to 0'3 cm.

diameter, and from 8 to 10 cms. long according to the material at command.

In order to get the magnets made as permanent as possible, the method

suggested by Barus and StronhaU was adopted, viz. :

—

Make the nuignets

glass-hard, then place them in steam at 100° 0. for 20 hoars. Blagnetize them

as fully as 2iossible, and again heat them in steam for 5 hours.

It was not convenient to steam the magnets for twenty hours continuously

but for three successive days they had 7 hours' steam and 14 hours' rest, or

21 hours' steam altogether. They were then magnetized in a magnetic field

of 2000 c.g.s. units, and again steamed for 5 hours, and when cooled they

were tested for tlie first time.

The magnets were prepared, hardened, and tested in exactly the same

way as already mentioned with the Stubs' steel magnets. The first tests

were made on June 17th, about an hour after the magnets had been steamed

for the final 5 hours, and the other tests took place on the same date of the

succeeding months up to December. In the intervals between the tests, the

magnets were kept in a vertical position, away from all iron or other

disturbances.

Table IV. gives the chemical composition of the magnets, and the results

of the tests for the first, second, and sixtli months respectively, as well as

tlie percentage loss in magnetic moment per gramme for six months.

' Bulletin No. 14, 1885 ; Dept. of the Interior, U.S.A. Gedlogical Survey.

[Table IV.
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Tablk IY.

No.
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12 per cent of tungsten has made an increase of 65 per cent, in tlie magnetic

moment, and iiici'eased the retentivity nearly three times.

In the chrome steels Nos. 13 and 14, the lower percentage of chromium

seems to have a better effect on the moment than the higher, as is also

indicated in No. 5, though when nickel is present, as in Nos. 15 and 16, it

appears to mask the effect of eliromium if the amount of the latter is small.

Abt' has published some results on the comparison of tlie magnetic

moments of magnets, which have the same dimensions, and magnetized in

the same magnetic field, but of different composition, tliat is, crucible,

diamond, and tungsten steels. The magnetic moments of these magnets

were 33'7, 35'9, and 62'15, and at the end of the four months the percentage

^N-
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during a period of six months. In every ease, as will be seen from Table IV.,

the magnetic moment is increased after the month's rest, due no doubt to the

material coming back to its state of molecular equilibrium after the heat

treatment ; there is then a gradual decrease in the moment till each of the

four magnets becomes practically permanent.

It is well known that the value of the dimension ratio of a magnet makes

a great difference in its permanent magnetism.' The B-H cyclic curves of

the four specimens in fig. 3 were determined some ten years ago,' tlieir

dimension ratio being about 200 ; and by taking the residual induction tlien

obtained, and dividing by 47r times the density of the material, we get the

specific magnetization or magnetic moment per gramme as shown here in

Table V.

Table V.

Mark.
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[Rend December 21, 1909. Ordered for Publication, January 11 ; Published, March 8, 1910.]

My first object will be to show that the skeleton of the domesticated liorse

frequently gives proof of deterioration from the type of the skeleton of the

wild horse. In order to make this clear, I shall first consider the latter,

and show liow this deterioration manifests itself. A group of qualities

essential to the horse are affected by the deterioration of tlie skeleton, such

as strength, vitality, nervous energy, and stamina; all of which are normally

attributes of the wild animal. Certain variations in tlie skeleton will then

be discussed ; and I shall endeavour to show that these are apparently

transmitted as independent hereditary characters.

Three variations in the skeleton may be considered :

—

1. The relative length of the spine, including the head.

2. The relative length of the arm.

3. The relative length of the thigh.

One of my arguments is that tlie short spine is a racial character in the

Arab ; and that it is transmitted in the first cross of the Arab. I shall also

attempt to show that the relative shortness respectively of the arm and of the

thigh are ultimate phases in evolution ; that they determine qualities in the

horse of the utmost economic value, namely, balance of the body on tlie

supporting limbs, and speed ; and that both are apparently separate

dominant characters as regards heredity. Finally " action " in the horse

will be considered, and how it is dependent on the foregoing characters of the

skeleton.

Before entering on the discussion of the subject, I ought briefly to state

the circumstances under which the ideas contained in this paper have been

formed. I was first led to study the subject by some remarks upon

degeneration in the horse made to me by an officer of my own service^ about

' Major, now Colonel Bleiikinsop, D.S.O.

SCIBNT, PKOC. K.D.S., VOL. XII., KG. XXVIJ, 3 F
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nine years ago. At that time I was managing a Remount Depot in South

Africa during the war, where there were seldom less than two thousand

horses at a time. Over forty thousand horses passed through this depot in

the two and a half years of my management. These were, moreover, from

different countries of origin.

Owing to the system on which this depot was conducted, it lent itself

peculiarly to the observation of horses. The horses were kept loose in large

enclosures provided with shelters. They were exercised by letting them

into a central track, about two hundred at a time, where they were allowed

to trot and canter round at their own will. They were watered by diverting

them into enclosures where water troughs had been established, and returned

to their enclosures to be fed after watering, the food having been put out for

them dui-ing their absence. By seeing horses manoeuvred in this way, it

was possible quickly to get to know them individually, because they all had

necessarily to pass a point in review many times a day at the morning and

evening exercise. In the interval of time between these exercises and the

watering and feeding, I had every day to pass many hundreds through an

arraugement in connexion with the tr.ack in which, in a narrow gangway,

they could be handled and caught, or let go, as required. It was here that I

had an opportunity of studying the extent of degenei'ation in different

breeds, and tlie variations in the skeleton which I deal with in this paper.

Fig. I.—Limb Bones.

KiG. 2.—H. J. Hiji Joints S. J. Slioulder Joints. E. J. Elhow Joints. S. Stifles.

A study of the skeleton of existing mammals in natural liistory collec-

tions, from the largest to the smallest, and of remains of extinct ones, will

make it clear that the bones of the limbs are roughly cylindrical, the upper

aud lower articular facets having the same direction (fig. 1). Since the

bones are also straight (fig. 1 a), it follows that the pairs of limbs lie in

parallel planes (fig. 2), the pairs of joints being equally wide apart, and the

joints of each limb in line (fig. 3 a). The only variation apparently occurs

ip animals of unusual strength and power. In these, tlie arms and thighs are
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bent outwards, the elbows and stifles being wider ajiart tliau tlie shoulders

and liip-joints (fig. 3 b). In this arrangement tliere is the advantage of

a very wide base of support, and consequently of greater stability.

The parallelism of the limbs, and the forward direction of the bones and

joints is well illustrated in tlie skeleton of the girafFe in the Irish National

Museum, and in tliat of a young zebra in the same collection.' The latter

illustrates the points alluded to in an existing wild species of tlie same genus

as the horse.

I have now to show that in the domesticated horse this type of the

skeleton is sometimes widely departed from. To begin with, the limbs fall

inwards under the body, the elbows and stifles being then closer together

than the shoulder and hip joints (fig. 3 c). In addition, the bones of the

limbs subside in a spiral manner, so as to turn the joints outwards in an

increasing degree as far down as the knees and hocks. If this were

continued, the feet would be turned entirely outwards. There is, however, a

rectifying twist in the bones below the knees and hocks, which partially

restores the forward direction of the limbs (fig. 4, next page). It need hardly

be mentioned tliat in the horse showing this condition of the limbs, the

alteration of the bone is not confined to the limbs. The subsidence of bone

is found also in the rest of tlie bones of the skeleton, which together form the

two great cavities—the neural cavity and the visceral cavity of the skeleton.

Tlie essential organs contained in tliese restricted cavities are on the same

inferior scale ; and function consequently is everywhere inferior.

This deterioration in the skeleton of the horse is easily seen in the living

animal. It is noticeable, for example, in the turning inwards of the femur,

especially during movement. Viewed from behind, the horse free from

I am indebted to the courtesy of Dr. Scharif for an examination of these specimens.

3i'2
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deterioration gives the impression always of a square figure formed by tlie

hip joints and the stifles (fig. 5 a). On the contrary, in tlie horse in whioli

skeletal deterioration exists, the impression received

is tliat of a wedge-shaped figure (fig. 5 b). In such

a " wedged horse," if we may call it so, tlie whole

sequence of defects of the skeleton certainly exist.

Many of the small breeds of iiorses exhibit this

deterioration of the skeleton, such as the Iceland,

the Burmese, and the Kaffir ponies of South Africa.

On the other hand, some small races are appa-

rently quite free from it; for example, the Basuto

and the Connemara ponies apparently show no

deterioration of the skeleton.

It would seem that locality determines this con-

dition to a great extent. It comes about apparently

by the distribution of horses in localities unsuitable

to them, and into which in the natural course of

things tiiey would not have found their way. To

some extent it is present in almost all races of horses

in which any size has been attained. This is appa-

rently due to the attempt to force size at the expense

of the substance of bone. It must be due also, no

doubt, to artificial conditions of life. Perhaps more

than from any other cause, it is perpetuated by

breeding from animals in which the condition has

been inherited.

I found all the Hungarian horses imported into

South Africa, that passed through my hands (and

there were iiundreds of them), deteriorated in a

marked degree. Only very few of a large number

of Australian, North American, and Canadian

horses were found to be so aflteoted. About fiftj'

per cent, of the artillery horses were degenerate in

the sense indicated, but only to a slight degree.

About fifty per cent, of the English cavalry horses

were deteriorated. On the other hand, many thou-

sands of American mules from New Orleans were Fk;. i.

quite free from any trace of deterioration ; and very

few instances of degeneracy were noticed among the Italian mules imported

into South A fiica.
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Plate XVI. represents au extreme case of deterioi'atiou of the skeleton in

a KaflBr pony. In Plate XVII. are shown a number of Soutli African

ponies all deteriorated except the one on extreme riglit. Cases of deteriora-

tion are also shown in Plate XVIII. In fig. 1, the horse on the left is an

Eiiglisli tliorouglibred by Ingomar—dam by Stirling, whicli was imported for

stud purposes. Another example is that of an English thoroughbred by Bon

Frere—Lightfoot, by Blair Athol (fig. 2). It is significant that out of five

thoroughbred horses captured from the Boers and sent to me to take care of,

four were markedly " wedged." I found also, in South Africa, one hackney

stallion, and several Arabs imported into South Africa to improve the Basuto

breed, all markedly " wedged." As further illustrating the distribution of

deterioration of the skeleton in the horse, another picture of this condition

in an Indian country-bred is seen in Plate XIX., fig. 1. It is curious that

this evidence of deterioration of the skeleton of the domesticated horse from

that of the normal wild horse is not mentioned in any work, that I can

find, by English or Continental authorities, including the works of Sanson,

Ohauveau, Goubaux, and Barrier, the standard authorities on the zootechnic

of the horse.

a b

Fig. 5.—p. II. Prominence of Hip. H. J. Hip Joint. S. Stifle.

I shall now refer to some important variations in the skeleton of the

domesticated liorse quite distinct from those alluded to. In the Arab the

spine is short, because the segments or vertebrae are short. The head is short

because of the sliortness of the bones forming the skull. According to

Sanson, the African variety of the Arab has one lumbar segment, and

the English thoroughbred has one, or even two, less than other races of

horses. Neitlier tiiis author, nor Goubaux, nor Ohauveau, nor any other

writer that I can find, makes any reference to relative shortness of the

segments.

How the sliortness of tlie spine affects beauty in the horse will be realized
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by a comparison of the short aud the loug spines whicli I have endeavoured

to show diagramatically in fig. 6. It will be evident that the short, straight

neck of the Arab determines the carriage of the head at an obtuse angle with

the neck. It will be manifest filso that the shortness of the spine gives

compactness to the body generally, and brings the pelvis closer to the ribs.

It will be evident, finally, that the straight spine determines the high

carriage of the tail and the long, straight quarters, the pelvis necessarily

following the line of the straight spine. On the other hand, it will be seen

that with the long spine there are vertical curvatures which, although they

are deformities, may be regarded as rectifying. Wlien any one of these is

absent—as is sometimes the case—the defect of the long spine is even more

apparent.

Viiiif'es^,

Now, it is said that the Arab stamps his stock. I find tliat what he

stamps especially is the short spine. It is for this reason, principally, that

all the progeny of the first cross resemble him. It is probable that the short

liead aud spine is the primitive type. The character of the skull of a horse

found in the Pleistocene formation in the valley of the Nerbada, of which

a cast is in the Irish National Museum, resembles that of the horses in the

Greek sculptures and of the Arab horses of the present day. It is only when

we get away from the influence of the eastern horse, that we find the loug

head aud the long spine.

Another important variation in the skeleton of the horse is to be
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found in the relative length of the arm. In the fossil ancestors of the horse,

from the five-fingered and five-toed animal of the lowest Eocene formations,

through the whole series to the horse of recent formations, the humerus has

gradually been shortened in relation to the bones below it. In the various

races of horses of the present day, there is a variability in the lengtli of the

humerus, apparently due to the fact that some are more advanced than

others as regards this evolutionary shortening. It seems to me tliat the

ultimate shortening determines perfection of function of the limb of the horse.

In the work by Goubaux and Barrier on " Tlie Exterior

of the Horse,"' it is sliown that a large scapula for the attach-

ment of the muscles, and a sliort humerus, are of advantage

as regards speed. I have attempted to show this in the

diagram, fig. 7. It will be evident that the long humerus

gets as far as {a) while the sliort humerus reaches (6), a

point far in advance of («), describing only the same length

of arc. It is beyond question therefore that a sliort humerus

is requisite for speed.

But a short humerus determines something even more

important. To begin with, I find no appreciable variation
"lo- '•

in the angle of the scapula with the humerus. It is always a little more

than a right angle (fig. 8). There is, however, admittedly, a wide difference

in the angle at the elbow. When the humerus is long, it is recumbent

;

' 'I'ranslated from the Second l<'reiich Ediliou by S. J. J. Harger, i'hiladelpljia, 1892,
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wlieu it is short, it is erect. With the recumbent humerus, the scapula is

erect ; with the erect humerus, the scapula is thrown backwards into an

oblique position. Now tliis determines balance in the horse, because the body

is mainly suspended by muscles coming from tlie summits of the scapula bones.

When the scapula lies far back on the thorax, the body rides forwards and

the weiglit is nearly under the supporting power. When, on tlie contrary,

tlie scapula is erect and far forward on the thorax, the body necessarily

liangs back a long way beliind the supporting power. It will be realized

liow badly liandicapped as regards the carriage of the body is the horse

with the upright scapula. Nature, therefore, in shortening the humerus,

confers on tlie horse the quality of balance and to some extent the attribute

of speed.

I have now to show that there is a variation in the hind limb which

affects speed more directly, since tlie hind limbs are the propelling limbs

of the body. Just as speed is determined in the fore limbs by tlie short

humerus, so it is determined in the hind limbs by the shortness of the femur.

The long femur, like the long humerus, is recumbent ; the short femur, like

the short humerus, is ei-ect. The criterion of speed in both the limbs is tlie

open angle. In the fore limb it is the angle of the elbow ; in the hind limb

that of the stifle.

We recognize the advance that has been made in the perfection of the

liorse as regards both speed and balance by the wide variation of these

angles. That as regards balance at least, the limit of perfection has not

been reached in the horse, will be learnt by studying the skeleton of what

1 assume to have been a fast animal, such as the Irish elk, adapted to carry

heavy antlers (fig. 9). As may be seen in the specimens in the National

Museum, Dublin, and elsewhere, the scapula is relatively very large, and it

is thrown back on the thorax by a short erect humerus. That the Irish

elk was fast is proved also by the short femur and the very open angle of

the stifle.

Such glimpses as this into the aims and attainments of nature, while

exciting wonder and reverence, will make regret the more keen that whole

races of the horse have deteriorated under domestication from the type of

the natural animal, and that we should allow to pass, as of little consequence,

the primitive excellence of the short head and spine, without i-ealizing that

under so simple a character lies so much that is beautiful and useful in the

horse.

How do the above-mentioned variations in tlie skeleton of the horse affect

" action " ? It will be obvious that true direction of movement is only

possible with the primitive arrangement of the limbs in parallel planes,
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It will be evident also that elegance of carriage is affected adversely by the

very long spine and the excessive vertical curvatures. It will be manifest,

moreover, that the carriage of the body to the best advantage is necessary to

the freedom of movement of the fore limbs. Finally, only with open angles

in both the fore and hind limbs can there be due length and rapidity of stride

and co-ordination between the limbs.

The figures (Plates XYI. to XX.) of different races of horses, exliibiting

striking variability of the lengtli of the spine and of the fore and hind limbs

respectively, illustrate my remarks on this subject.

Plate XIX., fig. 2, represents the first cross of an Arab with a South

African pony, showing the short head and spine of the Arab, tlie balance of

the body, and the racial defect of this breed in tlie bent hind leg.s. That tlie

Arab is a slow pony is notorious. I contend that the reason is to be found

in this defect. In this ease tlie same fault existed undoubtedly in the dam,

and remains therefore uncorrected in the progeny.

Plate XX., fig. 1, represents an English thoroughbred horse by St. Simon

—Eowena, showing the short head and spine of the Arab. In some strains

of the English thoroughbred this character is apparently beginning to be

lost; and in this breed the short humerus is a fixed character. It is

apparently also a dominant character. As balance is the first quality in the

saddle-horse, the importance of direct descent on one side from the English

SCIENT. PROG. K.D.S., VOL. XII., NO. XXVII. 3 G
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thoroughbred will be understood. To select a sire from any other race but

one in which this character is fixed seems to me a very doubtful experiment.

Even the harness-horse is the better for being a balance-horse, since otherwise

he carries his own weight at a disadvantage. Above every otlier character

this is one of most importance in the troop-liorse. Tlie figure above quoted

shows very plainly the short thigh and the open angle of the stifle. It

will be evident that the English tlioroughbred has not inherited tliis

character from his Arab ancestors. It is an historical fact that the Arabs

imported into England were themselves slow, whereas their immediate

progeny were fast. The inference is that the English mares had this

character. It is, however, not absolutely invariable in the English thorough-

bred. It is apparently a dominant character.

Plate XX., fig. 2, shows a typical trooper supplied from Canada to

South Africa for the war, sliowing the long spine and the vertical curvatures,

also the defect of the fore limb. In it, however, there is the character of the

straight hind leg. Such a race as this, influenced by the Arab, would

probably lose the defects of both sides.

Plate XX., fig. 3, represents a typical Australian horse, showing the

short fore and hind limbs and the defect of the long spine with the marked

vertical curvatures.

Might not the primitive character of the short spine and skeleton, as

opposed to deterioration from this type, be Mendelian dominant features ?

It appears to me also that the latest phases in the evolutionary shortening

of the arm and thigh probably descend in the same way. Whether this is so,

and whether also the descent of these characters is limited by sex influence,

only the test of breeding can determine.

I desire, before concluding this paper, to acknowledge my great

indebtedness to Dr. Scharff, of the National Museum, Dublin, for tlie

help he has given me in its preparation.
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The data wliich this or any similar paper must rely upon are unfortunately

not of the highest accuracy, and reasonably reliable results can be obtained

only when the inaccuracies are appraised and fairly allowed for. The chief

source of inaccuracy lies in the indefinite and varying notions of horse-

breeders as to the colours of tlieir stock. Many Thoroughbreds are described

as " bay or brown," others as " brown or black " ; and grey and roan are some-

times confused : the breeder's eye seeing perhaps what the mind would like

it to see. Clydesdale breeders have tried to be more accurate with regard to

bays and browns, for they enter " light " bays and " dark " bays, and

"light," "dark," and even "very dark" browns; but it is doubtful whether

this very attempt has not placed many bays among browns and browns

among bays. At the same time they have an aversion to calling a roan

a roan.

It may be long before the distinction between the rufous coat of the bay

and the darker coat of the brown is clearly and generally known ; but the

other common colours should present no great difficulty. Unless wlien wliite

" socks " or " stockings " have intruded, the legs of bays and browns are

black towards the ground, but the body-colour of chestnuts, blacks, and greys

is also the colour of the legs, excepting that in chestnuts and greys the legs

are usually darker than the body. Most bays and all browns have a lighter-

coloured patch at the nose—frequently sandy in tlie bay and tan in the brown

—but blacks are black right down to the muzzle. The tan muzzle is the

readiest means of distinguishing a very dark brown horse from a black. So

far as can be made out at present roan is the intrusion of white hairs through

a coat of any of the above-mentioned colours : the legs at the same time being

unaliected, or nearly so. That is to say : a bay roan has black legs, a chestnut

roan chestnut legs, and so on.

In order to make the conclusious of this paper clear, we shall follow

the course of inquiry by which they were arrived at.

SCLENT. PKOO. E.D.S., VOL. XU., NO. XXVUI. 3 H
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Little or no assistance can be got from history, for the reason that the

migrations of the horse and the interactions of race upon race have not yet

been clearly traced. Local and breed histories are very unsatisfactory.

Large effects are attributed to very small beginnings, and importations of

horses from parts of Europe to places in Britain and Ireland are presumed

upon the flimsiest evidence. If a writer cannot find some foreign prince to

send a present to his friend the King of England or Scotland, or some

English or Scots nobleman to import half-a-dozen stallions from Holland

or Flanders, he has always the Spanish Armada to fall back upon ; and " it is

said" has been tjje foundation-stone of many an essay in equine history.

Professor Ridgeway's " Origin and Influence of the Thoroughbred Horse " is

tlie outstanding exception ; but some of its conclusions are weakened by the

assumption that when two races of different colour unite a new colour may

be produced.

For the present inquiry a jumping-off point had already been fixed by

Mr. C. 0. Hurst, wliose paper " On the Inheritance of Coat Colour in

Horses" was read before the Royal Society in December, 1905. Mr. Hurst

showed chestnut to be recessive to bay and brown : bay and brown being taken

together as one colour. A further hint as to the relationship subsisting

between grey, bay, and black was afforded by the following communication

published in 21ie Breeders' Gazette, an American journal, on the 9th of June,

1909 :
—" In an experience of over thirty years in using Clydesdale stallions

to all sorts of mares I have never known a mare drop a chestnut colt to one

of tljem. One of my stallions sired some gray foals from gray mares, but

these gray flllies, when mated with, black Percherons, often had bay foals

with white feet and stripes." The Clydesdale stallions referred to above

were probably bays or browns, for few of any other colour have been

imported to America. Thus grey seemed dominant to bay and brown ; and,

as these came in between grey and black, it was further probable that black

was recessive to bay and brown. The absence of chestnuts, against the

expectation raised by Mr. Hurst's conclusion, is not astonishing, since

chestnuts have been unpopular among Clydesdales for many years. To test

these tentatively-formed theories, an appeal was made to the Shire stud-book,

because it contains a fair proportion of all the common colours. The

Thoroughbred stud-book, for instance, contains plenty of chestnuts, but it is

deficient in blacks, roans, and greys.

The first inquiry was confined to a tabulation of the colours of the foals

entered in the first four volumes and of their sires and dams. After some

working it became apparent, by observing how the colours did or did not

" contain " each other, that our tentative theory was approximately correct.
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It also became apparent that there was some possibility of separating the

bays and the browns ; and in all tables these are put in separate columns.

There was, however, considerable difSoulty about the roans, in regard to

which we started with no definite theory. Several were tried, but none was

found to answer. The one expected to fit best was that the roans were a

hybrid between grey and one or more of the other colours, but it had to be

given up. Eventually it was found that roans stand by themselves ; and, for

the present, they may be left out of consideration. We have thus five

colours left to deal with : chestnut, black, bay, brown and grey.

The dominance of one colour over another is shown by

—

(ff) the dominant mated with the recessive producing sometimes the

dominant sometimes the recessive

;

{b) the recessive mated with itself producing always the recessive.

For example, Mr. Hurst showed that bays mated with chestnuts produced

both bays and chestnuts, while chestnuts mated with chestniits produced

chestnuts only.

According to this criterion our figures from the first four volumes of

the Shire stud-book indicate, although the numbers are small, that grey is

dominant to the other four colours, and that black, in addition to chestnut,

is also recessive to bay or brown. The relative positions of black and

chestnut on the one hand and of bay and brown on the other are not

clear. Black may be dominant to chestnut and brown to bay, but there

are discrepancies in both eases.

MaTINGS in vols. I. TO IV. OF THE ShIEE StUD-BOOK.

Colours of

Parents.
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to the tenth volume, in the hope that errors incidental to the earlier volumes

of stud-books might be eliminated. The results are as follows :

—

Selected Matings in vols. i. to x. of the Shire Stud-book.

Colours of

Parents.
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Shires in that their colours are not usually stated till they are beyond foal

age, and thus some possible errors are avoided.

In dealing with Thoroughbreds a number of the more important sires was

selected, and the colours of the dams with which they were mated and of

the foals produced noted down. It was hoped that in this way the gametic

composition of the sires might be ascertained and assistance gained there-

from. One drawback was that, wliile there were plenty of chestnut, bay, and

brown sires, only two grey sires (Grrey Friars and Grrey Leg) and one black

(Desmond) liaving a fairly large number of foals in the latest volumes

could be found. Another drawback was the large number of stock entered

as "bay or brown" and "brown or black." These doubtful colours were

omitted, although it was found necessary to consider them afterwards. The

following are the figures got in this way from vols. xix. and xx. of the

Thoroughbred stud-book :

—

MaTINGS in vols. XIX. AND X.X. OF THE THOROUGHBRED StUD-BOOK.

Colours of

Sires.
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This discovery with regard to Desmond suggested that inquiries should

also be made about the black mares involved in the Thoroughbred table.

It will be noticed that they breed very like Desmond when mated witli

eliestnut, bay, and brown stallions. Presumably therefore they are also

browns. Inquiry was made about a number of these mares, especially

those having several foals, and in every case where a definite reply was

received the mare turned out to be a brown. This led to inquiries further

afield—to horses not concerned in our tables—and the conclusion arrived at is

that most, if not all, throughbred " black " horses are really browns.^ The

authorities of the Trakehnen stud-farm in Germany desired at one time a

black thoroughbred stallion to cross with their black mares, and they only

found such an animal, or, at any rate, what they took to be such, with the

greatest difficulty.

There being thus a lack of blacks among Thoroughbreds, it became

necessary to return again for such animals to the Clydesdales, among which,

in their early days and in recent years, a fair number can be found. By
avoiding sires whose blackness is doubtful, the following statistics were

collected :

—

Peogeny of twenty-two Black Clydesdale Sires.

Ch. Bl. By. Br. Gr.

From Chestnut Mares,

„ Black Mares,

„ Bay Mares,

„ Brown Mares,

„ Grey Mares,

The bays and browns from chestnut mares, the browns from black mares,

and the browns from bay mares were disturbing ; but their numbers did not

seem outside the error that might be expected in view of the proportion of

brown and black mares and foals wrongly described by their breeders.

A corresponding set of figures was compiled from the Shire Stud

Book :—
Peogeny of ten Black Shire Hoeses.

_
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Assuming the discrepancies referred to above are the result of confusion

among blacks and browns, the appearance of so many chestnut foals from

undoubted black sires makes it obvious that black contains chestnut ; that is

that chestnut is recessive to black, which, as we have already shown, is

recessive to bay and brown.

We sliould next have had to inquire closely into the true colours of the

mares and foals involved in the last two tables—an inquiry that could not

have been satisfactory because of many of the mares and foals being novr

dead and forgotten—but we were saved this by the discovery of a note on

the point at issue in the English translation of Herr von OEttingen's

recently published work on " Horse Breeding." Herr von (Ettingen is

director of the royal stud at Trakehnen in Grermany. He tells us (p. 329)

that for over a hundred years blacks have been bred in one special stud

(Gurdszen, 90 to 100 brood mares), browns in another (Dranzkehmen, 70 to

80 brood mares), and chestnuts in another (Jonasthal, 50 to 60 brood mares);

while " in two studs (in Trakehnen 80 to 100 brood mares, and in

Bajohrgallen 60 to 70 brood mares) all colours are represented and mixed

with each other." Then having pointed out that at Trakehnen they have

thus " plenty of material at hand from which to construct laws as to the

transmission of coat colour," he proceeds :

—

" There exists a distinct regularity with grays, chestnuts, and blacks as

regards transmission. Tliis regularity is as follows : grays and chestnuts

mated only to their own colour, produce either chestnuts or grays, and black

with black about 8 per cent, cliestnuts (often dark chestnuts), the rest always

blacks, never black-brown or dark brown."

This statement confirms our conclusion that black is dominant to chestnut,

and also the other that it is recessive to brown. It also confirms the opinion

already expressed that most if not all " black ". Thoroughbreds are browns.

Herr von (Etmann's observation that greys with greys breed only greys and

chestnuts is no doubt correct ; but in two mixed studs containing in all from

140 to 170 mares there could not have been enough grey mares and sires

from which to draw a general conclusion.

The relative positions of bay and brown remain to be settled ; and

although there is evidence in favour of brown being dominant to bay, this

conclusion is not clearly established. It must be remembered these are the

colours breeders have the greatest difficulty in discriminating; and errors

affect sires and dams and foals. In regard to sires it has been possible to

correct the registered colours in several cases ; and while every correction

has increased the evidence in favour of brown being dominant, it is still
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possible there may be some other explanation, as, for instance, that bay is

a diluted brown. Unfortunately we cannot experiment with horses as we

could with smaller animals.

Extracting them from the three tables already given, the data in reference

to the bay and brown matings are as follows, greys being neglected :

—

-
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The explanation seems rather to lie in the error of misdescription ; and

the point will be brought out by an examination of the table on the three

following pages, which shows the results of the matings of a number of

individual sires with mares of their own and the other four colours. The

Thoroughbreds are taken from volume xix. of the stud-book, the Shires from

volumes i. to x., and the Clydesdales from volumes i. to xxxi. Among the

Thoroughbreds the foals entered as " bay or brown " are given under the

bays and enclosed within brackets, tliose entered as " black or brown " under

the browns. The probability is that many bays are browns and browns

bays—the wish to have them one or other occasioning some doubt—and most,

if not all, of the thoroughbred " blacks or browns " are really browns. The
registered colour of every sire is given, and, where it has been obtained, the

corrected colour is noted below. At the same time the probable gametic

composition of the sire is indicated.

On looking at the oases of Florizel II., Baron's Pride, and Baron of

Buchlyvie, whose colours, according to authorities, are not those given in the

stud-books, the effect of a misdescription in weighting one colour at the

expense of another will be seen.

[Tables.
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Perhaps the most interesting colour of all is the one set aside earlier in

the paper for separate consideration, viz., roan. There are only a few

entries of roans in the Thoroughbred and Clydesdale stud-books ; but inquiry

brought out the fact that there are more horses of this colour in both breeds

than the stud-books would make out. It is an unpopular colour among

Thoroughbreds and Clydesdales, and when a breeder sees, say, a bay foal

" with a grey hair througli " its coat, it is easy for him to believe the foal to

be a bay and not a roan.

On the other hand, roans are not altogether unpopular among Shires

;

and a good many are to be found in the stud-book, especially in the earlier

volumes. We were therefore driven back upon the data collected from

the first ten volumes of the Shire stud-book for examples of the be-

haviour of roan. It has been stated already that, in collecting these data,

several theories suggested themselves ; and the one that roans are hybrids

between grey and some one of the other colours seemed a priori the most

likely. But greys never, or at any rate very seldom, and then doubtfully,

produced roans with those other colours; and the crossing of roan with roan

was too infrequent to give any guidance. Eventually it became evident

that roan was separate from grey, but that its behaviour towards the other

colours was similar, while at the same time it had a peculiarity of its own.

Grey, as we have already found, is dominant in the other colours—brown,

bay, black, and chestnut. This means that, in a population of the above

colours, there can be no grey foal without, at least, one grey parent, and

that, if the pedigree of a grey foal be followed backwards as far as it is

known, a grey ancestor will be found in every generation. The following

examples might be given :

—

A Thoroughbred Example.' A Clydesdale Example.

The Drone, grey (foaled 1823), X Kiss (foaled 1827). Blyth, grey (foaled 1836 or 1837).

Irish Birdcatcher, X Whim, grey. Clydesdale Jock, grey,

chestnut. I I

Chanticleer, grey, X Birthday, bay or brown. Donald Blue, grey, X Mare, brown.

Newminster, bay, X Souvenir, grey. The Diike, X Mare, grey.

I

chestnut. I

Strathconan, grey, X Sweet Violet, bay. Sultan, X Mare, grey.

I

Hack.
I

Linnaeus, grey, X Dulcie Agnes, brown. Glengarry, X Belle of Burnaide, colour not stated.

I

bay.
I

Linny, grey, X Lady Blue, brown. Mains of ) X Eose of Meikle Folia, grey.

I

Airies, j brown I

Sidestrand, grey (foaled 1903). EozeUe, X Blue Bell of Meikle FoUa, grey.

bay.
j

Kozabelle, grey (foaled 1907).

' Sires are placed to the left, dams to the right.
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The following pedigrees, similarly followed out, of the first three fillies

and the first three colts met with in the last published volume (xxx) of the

Shire stud-book will show that the roan has at least one roan ancestor in

every generation,^ and that therefore roan behaves as a dominant to the

other colours :

—

Tory, red roan, X Bounce.

Roan Jumbo, roan.

Muckton Nonsucli, imj, X Muekton Violet, roan.

Blythwood Conqueror, bay, X North Cotes Primrose, red roai

Ashwell Conquering Prince, bat/, X Garston's Lady, bine roan.

Filly, bay orredroan{tosiledl9

Flower, roan.

King of Keele, X Darling, roan,

bay.
I

Knottingley Eoyal, X Bankone Darling, roan,

bay.
I

Filly, roan (foaled 1907).

Horse, roan.

Samson, brown, X Mare (colour not recorded).

Emperor, roan.

England's Wonder, roan, X Mare, roan.

Carbon, brown, X Bonny, roan.

Monaco, bay, X Trim, roan.

Baroness, roan.

Harold, brown, X Blue Bell, bhie roan.

Horbling Harold, blue roan, X Primula, brown.

Hitchin Magnet, bay, X Silver Tail, bhie roan.

Anglian Harold, roan.

Tbe Shire stud-book is comparatively young, and so the pedigrees are not Ion
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Vulcan, blach, X Kit (Capes'), red roan.

I

Prince Harold, black, X Dunsmore Fashion II, roan.

I

I

Dunsmore Iron Duke, roan, X Lemington Royal Heroine, bay.

Forage Iron Duke, roan.

Hereward, bay, X Willow Lady, roan.

I

Pratt's 'Wallflower, black, X Willuw Bounce, blue nun.

I

I

Blue Duke, hlue roan.

The comparison between roan and grey might be carried further. Grrey is

dominant to the other four ordinary colours. This means that when grey is

crossed with these colours the number of grey foals ought to equal all the other

colours together ; excepting that, grey being somewhat unpopular among

Shires, a higher proportion of grey foals than of the other colours may not be

entered at all, and thus the numbers for grey may be depressed. The

numbers from selected sires in the first ten volumes of the Shire stud-book

are as follows :

—

Grey X chestnut gives o

Grey X black ,, 2

Grey X bay ,, i

Grey X brown ,,

The figures for roans—iron-grey being counted among the roans—the

progeny of roan mares in vols. si. to xv. are as follows :

—

By.
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dominant. But there is a very peculiar difference. The grey colour domi-

nates the other colours below it entirely ; roan does not. The grey foal of a

bay dam and a grey sire is grey ; but the roan foal of, say, a bay dam and a

roan sire will have the body a mixture of white or grey hairs in a back-ground

of bay or any of the other usual colours, while, so far as can be seen as yet,

the leg-markings will be those usually associated with the back-ground. A
bay or brown roan will have black " points," the legs of a chestnut-roan will

be chestnut, and so on.

And still further : the back-ground colours seem to behave to each other,

so far as dominance is concerned, as they do when no grey hairs are present

to make tliem roans. That is to say : two chestnut-roans seem to produce

only chestnuts and chestnut-roans , while two brown-roans seem to produce

brown-roans, bay-roans, black-roans (perhaps also blue-roans), chestnut-roans,

and another colour, strawberry-roan, which seems to depend rather upon the

quantity of grey hairs present than upon the colour of the back-ground. It

would almost seem as if the grey hairs in roan parents allowed the back-

ground colours to work as they do ordinarily, but that they introduced them-

selves to the coat of about every second foal. These ideas have been suggested

while tabulating the results of roan matings, but the data are still too few to

say they are proved.

The source of roan, that is of the white hairs that make other coats roan,

has not been found. Nor are the relative positions of roan and grey clear.

Roan behaves like grey with the other colours below grey ; but the crossings

between grey and roan are too few for any inference.

Meantime let us set down a table showing the results of crossings with

roans (vol. xi. to xv.), in which the roans are subdivided into roans,

blue-roaus, and iron-greys (which are probably grey- roans) :

—

Colours of

Parents.
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It will be seeu from the above table that a few greys are produced when

roans are mated with ordinary colours. If we could be assured that these are

really greys, and that the parents are correctly described, the problem of the

relative positions of roan and grey would be solved ; but such assurance is

impossible with colours so liable to confusion as roan and grey. If a similar

table of grey matings with ordinary colours were made out, it would show

the contrary phenomenon of roans being produced by the greys, and so

would suggest that grey is dominant to roan. For the present, therefore,

the relative positions of grey and roan must remain undecided.

One other colour, dun, remains; but although some dun entries were

seen in each of the three stud-books drawn upon, they were far too few for

our purpose, and were not noted.

But from statements published by Weldon and Cossar Ewart, and from

information given by Mr. P. Macginnis as to foals produced by dun sires

in county Londonderry, the following small table can be formed :

—

Ch. Bl. By. Bv. Gr. Rn. Dun.
1 dun X 1 cliestnut gives - - 1 - - - 1

1 dun X 1 black ,,
- l - _ _ _ 2

1 duB X 2 bays „ i i i _ _ i i

1 dun X 1 dun „ l _ 1 _ _ _ 2'

2 dun X 6 grey mares ,,
- - - 2 2 - 4

It is apparent from the first two and the last of these matings that dun

contains, i.e., is dominant to, chestnut, black, and bay. The matings of dun

and grey give no indication. But from information received on Clare Island

last July it seems certain that dun is dominant to brown also. Some time

ago a dun Norse sire which was brought to the island left a number of dun

foals from a population consisting chiefly of bay and brown mares ; and

these dun foals when themselves put to a brown sire threw some dun foals

again. This places dun dominant to brown, bay, black, and chestnut ; but

leaves its position with regard to grey and roan unknown.^

It may be well to reiterate the statement made at the beginning of

this paper, that stud-book data are far from being absolutely accurate, and

that the validity of our conclusions must depend upon tlie success with which

the inaccuracies of the stud-book have been smoothed out. It is hoped

' One of these is called yellow.

- Since this paper was read a case has been found, in Professor Cossar Ewart' s paper on " The
Multiple Origin of Horses and Ponies," of two greys producing a dun. This would show that dun
is recessive to grey.
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such data may beeome more accurate in the future. Meantime this paper

may lead to further observation and elucidation of the subject.

In addition to those mentioned in the text, the following gentlemen have

very kindly furnished information on the subject in question :

—

Mr. H. R. Rose, Cliantilly Stud Farm ; Mr. Andrew Robertson, Dublin

;

Mr. James Bai-rie, Balmedie, Aberdeen ; Captain Greer, Curragli Grange

;

the Rt. Hon. Frederick Wrench; Lord Rossmore; Lord Bradford; and

Lord Derby.
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XXIX.

CHEOME STEEL PERMANENT MAGNETS.

By W. brown, B.Sc,

Professor of Applied Physios, Royal College of Science for Ireland.

[Read Feeruaky 22. Ordered for publication March 8. Published April 21, 1910.]

The magnetic properties of chrome steel were—as far as I know—first

investigated by Dr. Hopkinson' in 1885, by means of his yoke-and-bar

method ; the two specimens tested contained (1) Or = 0'621, = 0'532, and

(2) Cr = 1-195, C = 0-687.

If we take the density^ of the samples when in the hard state to be

7'76, and divide the residual induction obtained by Hopkinson by 47r

times the density, we find the magnetic moment per gramme of the two

specimens to be about 88 and 81 respectively.

In 1898 Mme. Curie,^ in her paper on the magnetic properties of

tempered steels, gives the residual intensities for three chrome steels obtained

with bars of square section 20 cm. long and one centimetre in the side.

Taking the bar which has the chemical composition Or = 2'48, C = 0*5, and

assuming the density to be 7'76, we get magnetic moment per gramme of

about 59. If, however, we take the value of the residual intensity which

was obtained when the sample was in the form of a, ring, the magnetic

moment per gramme is then 82, which result is more comparable with that

of Hopkinson, whose method of testing was also a closed circuit one.

In 1900 Barrett, Brown, and Hadfield* published amongst other physical

properties the results of magnetic tests of two chrome steels containing 3'25

and 9'5 per cent, of chromium. The tests were made on rods of dimension

ratio 200 ; and from the residual induction then obtained, and taking the

densities^ of the materials as 7'765 and 7'703, the magnetic moments per

gramme come out 87 and 109 respectively. In a recent test* of the same

' Phil. Trans. Roy. Society 1885, vol. clxxvi., part 2, p. 463.
^ Scient. Trans. Eoy. Dublin Soc, vol. ix., p. 67.

' Bull, de la Societe d' Encouragement, pp. 36-76.

* Scient. Trans. Eoy. Dublin Soc, vol. vii., p. 119.

= Ibid., vol. xi., p. 67.

^ Ibid., vol. xii., p. 318.
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two steels when in the form of magnets with dimension ratio 33, the

magnetic moments per gramme were 36 and 31.

In order to test the effects of gradually increasing the amounts of

chromium in steel magnets when the magnets were all of the same

dimensions, thirteen specimens of steel with different amounts of chromium

were obtained from Sir Eobert A. Hadfield, F.R.S., which were each about

6 inches long and \ inch diameter. They were all turned down to 0'3 cm.

diameter and 10 cm. long, giving a dimension-ratio of 33, and in order to

get them all in the same physical state, they were individually raised to a

bright red heat in a gas muffle furnace at a temperature of about 900° C.,'

and dropped end on into 3 feet of cold water. The magnets were then

cleaned, weighed, and magnetized in a field of 2000 c.g.s. units by putting

them on the poles of a powerful electro-magnet.

About twenty hours after being magnetized they were tested for the

magnetic moment per gramme by the usual magnetometric method, the east

and west position of Gauss ; and immediately after the first observations

each magnet was allowed to fall once through a height of one metre on to a

block of glass and again tested, and then allowed to fall three times

through the same vertical distance and tested once more, the percentage

loss due to percussion being thus obtained. The magnets were let fall in

every ease with the true north or south-pointing pole downwards.

The magnets were then put into a steam chamber and annealed for

twenty-five hours in steam at 100° C. They were then magnetized and again

steamed for five hours ; and about twenty hours after the final heating, they

were all tested for magnetic moment and loss by percussion in the same way

as was done when they were glass-hard.

The results for seven of the more important of the thirteen specimens are

sliown in Table I., which gives the chemical composition'—the amount of

iron in each being estimated by difference—the magnetic moment per

gramme when glass-hard and when annealed, and the last two columns gives

the percentage loss in the magnetic moment per gramme due to the magnets

falling end on four times through a height of one metre on to a thick block

of glass.

^ Determined by means of a calorimeter.

* Determined in the chemical laboratory of the Hecla Steel Works, Sheffield.
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Table I.

Chemical Composition.
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would seem as if the effects of the diminished carbon and increased

manganese in No. 7 were just balanced by the presence of the 1'9 per

cent, of tungsten and the same amount of copper. No. 7, however, is

less retentive, as will be seen from the percentage loss being nearly doubled

;

and when this material was tested in the form of a thin magnet 10 cm.

long, and having a dimension ratio of 60, its magnetic moment per gramme,

when glass-hard, was found to be 55"7, and the percentage loss due to falling

four times through a height of one metre was 8*1 as compared with 6'4,

when tlie dimension ratio was 33. On the whole, therefore, the specimen

No. 2 would be the best material to use in making a permanent magnet.
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To check the point on the curve corresponding to dimension-ratio 100,

five magnets were made of the same wire, each 10 cm. long ; and tlie mean
of the magnetic moments gave the value 65-1. There was no perceptible

loss in the moment wlien these magnets were let fall end on four times

through a height of one metre on to the glass block.

To show that the magnetic moment per gramme varies with the form of

the sample tested, the values obtained by different observers for chrome

steels (other than those in Table I.) have been brought together in Table II.,

in which the percentages of carbon and chromium only are given.

Table II.

Experimenter.
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To elieck the point ou the curve corresponding to diiueusiou-ratio 100,

five magnets were made of the same wire, eacli 10 cm. long; and the mean

of the magnetic moments gave the value 65'1. There was no perceptible

loss in the moment when these magnets were let fall end on four times

through a height of one metre on to the glass block.

To show that the magnetic moment per gramme varies with the form of

the sample tested, the values obtained by different observers for chrome

steels (other than those in Table I.) have been brought together in Table II.,

in which the percentages of carbon and chromium only are given.

Table II.

Experimenter.
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ON THE DISTEIBUTION OF MEAN ANNUAL RAINFALL AND
AVERAGE NUMBER OF RAIN-DAYS PER YEAR OVER
AN AREA INCLUDING THE COUNTIES OF DUBLIN,
WICKLOW, KILDARE, AND MEATH : A STUDY IN LOCAL
VARIATION OF RAINFALL.

By WILLIAM J. LYONS, B.A., A.R.C.Sc, (Lond.),

Royal College of Science for Ireland.

[communicated by phofkssor w. brown, b.sc]

(Plate XXL: Map.)

[Read February 22. Ordered for Publication March 8. Published May 19, 1910.]

Introduction.

The distribution of rainfall in space presents very marked variation, not

only when considered for short periods of time, but even in the case of the

annual and mean annual precipitation. The distribution, particularly that

of the mean annual rainfall, depends on the relief or orographieal features

of the country ; and this relation to the orography is found even in the

local variation within very limited areas. In preparing a map to show

the distribution of rainfall over a large area such as the British Isles,

only the general features of tlie distribution can be represented ; and in such

cases, in assigning a value to the mean annual rainfall of a small part of the

area, the local differences peculiar to that part are necessarily levelled

down so as to represent the average for the district. The study of these

local differences is, however, often of more interest than that of the general

distribution over large areas, and presents a problem in physical, rather than

in mere statistical meteorology.

The immediate causes of the formation of rain are very obscure, and

existing theories rest on physical speculations rather than on meteorological

data. No satisfactory theory is likely to be developed as the result of an

increase in our knowledge of the physics of condensation and allied

phenomena, unless there is a corresponding extension in our meteoro-

logical study of the subject. The local variation of rainfall seems an
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importaut problem in this counexiou. It is reasonable to suppose that over

a small area the conditions existing in the npper and middle layers of the

atmosphere are practically uniform at any time, and the rainfall distribution

must be almost solely decided by the orographical features ; hence the

relation of the one to the other may be worked out all the more definitely

for such limited areas.

In only a few cases has this detailed study of local distribution of

rainfall been effectetl. Special reference must be made to the work of

Professor Hellmann,' in 1900, on the rainfall of East Prussia; to that of

Professor Schreiber on the rainfall of Saxony ; and to the study of Silesia

by Professor J. Partsch. In England the rainfall of the Lake District' was

investigated by Gr. J. Symons, f.k.s., in 1897. In recent years the Greo-

logical Survey of England and Wales has issued a series of memoirs* on the

Water-Supply of some of the English Counties. Each memoir contains a

valuable report on the rainfall of the county and a detailed rainfall-map by

Dr. H. El. Mill, Director of the British Rainfall Organization.

Particulaks of Area Studied.

The present investigation into the rainfall of the counties near Dublin

was undertaken by reason of the extremely marked yet simple relief features

of the area, and the comparatively large number of records available.

It proved, as anticipated, a very interesting study in local distribution,

presenting a considerable range, and very abrupt variation in rainfall. Apart

from its meteorological significance, the precipitation over this district is of

importance, as the area includes the catchments of some important rivers,

and the collecting-grounds of the Roundwood and Glenasmole Waterworks,

which supply the city and suburbs of Dublin.

The limits of the area for investigation were decided, not by reference to

the irregular county boundaries, but by considerations of the configuration of

the country, and the records available. The boundaries are very approxi-

mately the meridians of longitude corresponding to 6° and 7° west, and the

parallels of latitudes 52° 42' and 53° 51' north. The length is about 82

miles, the average breadth 34 miles, and tlie area approximately 2800 square

miles. The region lies due east of the Great Central Plain of Ireland, and

is bounded on the east by the Irish Sea. To the south of Dublin the

Dublin and Wicklow Mountains form a continuous and clearly defined

' RainfiiU Ciiart of East Prussia. Helliiianu; lierliii, 1900.

- Zeitstlir. fiir Gewasserkunde, JBd. iii., 1900, p. 48.

^ " British Eainfall," 1897. See also years 1867, 1895, 1896, 1898.

^ Memoirs on Water-Supply. Geological SiuvBy of England ;iud Wales.

bM2
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system, rising abruptly from the sea and culminating in Lugnaquilla at

a height of 3039 feet. In the extreme south-west corner of the area due

west of Carlow the land rises rather abruptly again to nearly 1000 feet. On

the north of Dublin the country rises very gradually in a uortli-westerly

direction, passing from 100 to 250 to 500 feet and higher, as we approach

the north-west corner of the area. Wicklow Head, Bray Head, and the

Hill of Howth form conspicuous elevations along the coast. The area

includes all county Dublin, and nearly all of counties Wicklow, Kildai-e,

and Meath, with parts of counties Wexford, Carlow, and Louth.

Mean Annual Uainfall.

In considering the space-distribution of rainfall, the time-unit selected is

usually the year ; and this was adopted in the present paper for the sake of

uniformity with other work on local variation, and in consideration of

the data available. The year has the advantage as a time-unit in such

work, in that it forms a complete seasonal cycle as regards insolation or solar

influence, which is the most fundamental factor in meteorology. It must

be recognized, however, that for many purposes the annual rainfall is

not as important as that of shorter periods, and that in comparing the

rainfall of two stations, it is possible to get tlie same annual precipitation for

the two
;
yet the fi'equency, intensity, and average monthly distribution may

be quite different in the two cases. Both the agriculturalist and civil engineer

are more concerned with the rainfall over short critical periods than with the

total for the year. There seems little probability of correlation between

annual rainfall and such agricultural statistics as crop-yield ; yet it is con-

ceivable that such a correlation might be established with rainfall over

certain critical months of the year. The engineer, in questions of water-

power, town-supply, and drainage is concerned chiefly with fluctuation in

rainfall, and especially with critical maxima and minima within limited

periods. It must thus be admitted that any complete discussion of distri-

bution should take account, not only of the annual, but also of the monthly

or seasonal rainfall.

The term " Mean Annual Rainfall " is open to different interpretations

and needs some consideration. Apart from the looseness of its use in

popular language, the word " mean " is used in different senses in scientific

work. In dealing with a number of different values of the same quantity

such as occur in experimental results or statistics, the mean value may be

determined in different ways. When the quantity by its nature has neces-

sarily an exact value, and the differences observed are due to " errors of

observation," the mean of the observed values is intended to give the " true
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value " or "most probable value" of tlie quantity. To determine this value

the observed numbers may be arranged in order of magnitude, and the

middle term or " median " selected as the mean ; or the observed values may

be divided into groups, all in eacli group having the same value. The value

corresponding to the most numerous group may be taken as the mean (in

this case sometimes called the " mode "). Lastly, the arithmetical or geo-

metrical mean of all the observations may be taken, or a still more elaborate

process of reduction adopted. In such eases as the determination of an exact

physical magnitude the above methods will give results almost identical for

tlie true value of the quantity, provided the observations are sufficiently

numerous and trustworthy. This agreement is to be expected, and follows

from the general " Theory of Errors."

In dealing with such quantities as annual rainfall, however, the problem

is somewhat different. The quantity by its nature has no exact value, but

varies within limits more or less wide. The expressions "true value" and

" most probable value " are meaningless, and the results obtained by different

methods of reduction differ widely. It becomes a question of doubt and

difficulty in all such cases to decide on the most satisfactory method of

treating the numbers, and the mean becomes largely a matter of definition

and convention. The ^'mean annual rainfaU^' is generally regarded as the

arithmetical average of a sufficiently large number of consecutive years.

Suggestions have been frequently made that the geometrical mean would be

more satisfactory. Any theoretical advantage of one " mean " over another

is, however, rendered very doubtful when we consider the great and irregular

variation in annual rainfall and the very considerable sources of errors in all

rainfall measurement.

The arithmetical average of the annual rainfall for a period of years will

differ for different periods, the differences being great when the length

of the period is short. As a general rule, as the length of the period

increases, the mean assumes a more constant value ; and the limiting value

to which it approximates for a very long record is regarded as the true

mean. It has been found by Sir Alexander Binnie' in a very exhaustive

analysis of several records, extending from 50 to 97 years, that the mean of

about 35 years was practically constant and probably differed from the true

mean by not more than 2 per cent. Means computed for periods of 40 years

have shown greater differences than those for 35 years ; and it appears that

a very much longer period than 35 years should be taken to give a more

satisfactory result. This interesting conclusion was also reached by Professor

' Minutes, Proc. Inst. Civil Engineers, vol. cix., p. 92.
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J. Haun' in his analysis of the very long records of Padua, Klagenfurt, and

Milan, and was further confirmed by Dr. H. E. MilP in a study of several

long English records. It has been suggested tliat the particular value of the

35-year period is due to a periodicity in rainfall connected with the 35-year

Briickner cycle.

This Records and the Methods of Reduction.

The records used in the present investigation were, without exception,

those published in the volumes of " British Rainfall," the annual publica-

tion of the " British Rainfall Organization " founded about fifty years ago

by the late G. F. Symoos, F.R.S. The Organization at present includes nearly

6000 observers for the British Isles. The gauges are open to occasional

inspection, and all the returns are critically checked. Any doubtful return is

referred back to the observer ; and if no correction is made, and the doubtful

character remains, the return is queried if published or omitted altogether

from publication.

There were available for the present paper seventy-three records of

varying duration, as shown by the following figures :

—

Over 35 years' duration 5 Records.

From 30 to 35 „ „ 1 „

4

,, 4 „

10

12

15

., 22 „

The fundamental period adopted in the case of the long records was the

35 years from 1873 to 1907. It was considered desirable to end with the year

1907, so as to omit tlie very exceptional wet year 1872. The method of deal-

ing with the records of less than 35 years' duration so as to determine a mean

on the 35-year basis was that well established in rainfall work. The rainfall

over the short period was considered for the station in question, and also for

one of the nearest long or fundamental records. The short-period average for

the latter was estimated as a percentage of its known 35-year mean ; and the

short period average of the first station was increased or diminished in this

proportion to give its computed 35-year mean. This method is known to

' Sitzungsb. del- k. Akad. der Wissensch. in Wieu, Mathera.-naturwias. Classe, vol. cxi.,

part ii. a.

2 Minutes, Proc. Inst. Civil Engineers, vol. civ., p. 'I'io.

25
,
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give very consisteut aud satisfactory results for records of even a few years'

duration, especially when the fundamental stations with which they are

compared are not far distant. The assumption underlying the above

method is that, for stations within a limited area, the rainfall varies

similarly from year to year. This assumption is seen to be justified by

plotting on the same sheet the annual I'ainfall for such stations for a number

of consecutive years. Such sheets were prepared respectively for the stations

in each of the following five divisions—North Dublin, South Dublin, Central

Dublin, Wicklow, Meath, and Kildare. The graphs showed a marked

parallelism for stations close togetlier; and even for stations far apart and very

differently conditioned, there is found a similarity in the run of the annual

rainfall graphs. This is illustrated in the diagram, page 360, where the annual

rainfall graphs are given for a few selected stations for the period 1885 to

1905.

In reducing to a 35-year mean the records of a short-period station, the

computation was independently made by reference to at least three long

records. These long records included one, and, if possible, more than one, of

the 35-year stations, or otherwise the longest records among neighbouring

stations. The greatest care and circumspection were used in selecting such

stations of reference, and special attention was paid to similarity of conditions

of the stations compared, and to the correspondence observable in their

annual rainfall graphs. In one or two cases where a value for an individual

year was missing in an otherwise complete record the value was estimated by

interpolation, or by careful consideration of correspondence with tlie graphs

of other stations. In only a few cases did any great discrepancy appear in

the means computed by reference to different fundamental stations ; and the

results in such cases were most carefully considered.

Sources of Error and Accuracy attainable in Rainfall Measurement.

The values of mean annual rainfall submitted in the accompanying tables

are the results of computation based on actual returns, and no correction of

any kind has been attempted. The "catch" of a rain-gauge is subject to

several disturbing factors, nearly all connected with wind eifect, and

dependent on conditions of exposure. There exist in consequence many aud

serious sources of error in the measurement of rainfall ; but the effects are so

irregular that attempts at correction are necessarily purely speculative, and in

most cases injudicious. The wind by forming eddies and currents at the

mouth of the gauge tends to reduce the amount of rain caught. As the

height of the gauge above the ground is increased, the wiad and the above

effects are increased, aud the gauge will usually register less than if placed at
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a lower level. A standard height of one foot above ground-level has been

recommended ; and it is estimated, on the results of many tests, that for every

extra foot up to about 10 feet the gauge loses 1 per cent, in catch. A
correction on this estimate is made by Dr. H. R. Mill in liis rainfall reports

on the Englisli counties. This correction seems, however, legitimate only

if the other conditions of exposure are quite uniform ; and, for many

reasons, it was considered undesirable to adopt it in the present investi-

gation. The two most important records, namely, Fitzwilliam Square'

and Fassaroe, Bray, would have needed modification. The gauge at

Fitzwilliam Square is placed in a confined area where there is great pro-

tection from wind, tliough little likelihood of the gauge being protected

from the rain. This fact probably explains why the record at tliis station

is almost uniformly greater than that kept at Trinity College, where

the gauge is placed (in the Fellows' Garden)^ at a lower level, but in

a more exposed position. With reference to the Fassaroe record, where the

gauge is kept at 4 feet 6 inches above ground-level, I am informed by the

observer, Mr. R. M. Barrington, m.a., that the "catch" at this level was

generalljr greater than that found for comparison gauges placed lower.

The position of a gauge with reference to rising ground is as important as

the actual height above the ground. A gauge placed on a summit or slope

is particularly exposed to the wind effect, and the catch will be too low. An

example of this was found in the record at Tithewere, Roundwood, County

Wicklow. The mean annual value for this station at 1000 feet appears too

small in comparison with the numerous stations near it; and the deficiency is

very probably due to the gauge being placed on the windward slope of a hill.

The measurement of rainfall when all circumstances are considered is

found to be necessarily only approximate. According to Dr. H. R. Mill,' no

one could hope to measure the annual rainfall of a place to a closer approxi-

mation than 0'5 inch; and it is usually recognized that the estimate of mean

annual rainfall is only correct to within 2 or 3 per cent. The rainfall values

in the tables are in consequence quoted only to the first decimal place.

The methods adopted for estimating the average number of rain days

per year were in all respects similar to those employed for determining

the mean annual rainfall. The limits of error in the record of rain days

appear to be greater than in the case of rainfall. A rain day is defined

as one during which "01 inch or more is recorded. When more than half

' The gauge at Fitzwilliam Square is quoted in Table I. as at 1 ft. 6 inches above ground. It

stands on a little mound which raises it about 4 feet above the general ground-level.

2 I am indebted to Sir John Moore, M.D. (who is responsible for the gauge at Fitzwilliam

Square), for his valuable opinion on this point.

5 Minutes, Proc. Inst. Civil Engineers, vol. civ., p. 373.
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this amouut i.s collected, the day must be reckoned as rainy; and wlieu less

than half is observed, the water is tlirown away, and no rain registered.

The personal equation enters largely in deciding in cases of such small

quantities. In stating the average number of rain days per annum, the

estimate was given only to the nearest 5 in the units' place.

'i'he following tables give particulars of position of gauge, duration of

record, values of mean annual rainfall and average number of rain days per

year, for tlie more important stations in the area studied, and also for a few

stations outside the area, tlie records of wliich were used as references.

Table I.

—

Mean Annual Rainfall of Dub/in.
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Supplementary Notes {Dublin).

Mention must be made of some records in addition to those given above

for County Dublin. Leeson Park (1905-8) and Upper Leeson Street

( ] 883-90) show a slightly higher rainfall than that of Fitzwilliam Square.

On the other hand, Donnybrook (1899-1902) is much lower ; and Trinity

College (1904-8) gives a record iiniformly less than Fitzwilliam Square.

Eccles Street (1873-7) agrees closely with Glasneviu. It is of interest

to note that the annual graph of Grlasnevin, though generally lower than

that of the City and Phoenix Park up to 1890, lies subsequently higher.

The cause of this anomaly is probably the changes made in the position

and exposure of the gauge at Grlasnevin about 1890.' The records for

Kush (1876), Skerries (1866-70), and Milverton Hall, Skerries (1907-8),

agree very closely with the records quoted for the coast- stations given in the

table. The record for Lambay Island (1907-8) is remarkably low, and

suggests a mean value of less than 27 inches. The record (1908) for Howth

indicates a mean probably greater than 29 inches.

' In connexion with this matter Mr. F. "W". Moore, Keeper of the Royal Botimic Gardens,

Glasnevin, kindly writes in reply to enquiries as follows:

—

" EoYAL Botanic Gakdens, Glasneyin, Dublin,

"January list, 1910.
" Dear Sir,

" I have been hunting up the records of our rain-gauge. I find that a change was made
in September, 1889, wliich would be likely to have largely affected the record of the rainfall, as a

collecting roof, which was formerly in use, was then changed to a standard gauge, which is still in

use. Again, in July, 1901, a change was made which would be likely to affect the quantity

registered, as the late Mr. Scott, of the Meteorological Office, considered that the railing which

enclosed the rain-gauge at that time was likely to affect the amount registered by intercepting some

of the fall. It was therefore moved to another position, and I do not think there is anything in the

present position more favourable to a heavier record than that to which the rain-gauge was moved in

1891. It is of somewhat lower level, 55 ft. On 30th November, 1899, the observer was changed,

and the present observer took up the functions. This might perhaps influence the readings, but

certainly not to a larger extent than 2 per cent. I think this answers all your questions ; but if

you wish for further information, please let me know.

"lam, yours truly,

"F. AV. Moore."

[Tables II. and III.

3n2
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Table 11.

—

Mean Annual, Rail
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Supplementari/ Notes
(
Wickiow).

An interrupted record was kept at Parknasilloge (Enniskerry), for the

years 1877-80, 1884, 1886, 1889-91, 1898. The values are uniformly higher

than at Fassaroe ; and on reduction by reference to the latter, the mean for

Enniskerry comes to about 45 inches. The isolated records for Bray, Pem-

broke Lodge (1907-8), Florence Terrace (1881), and San Eemo (1903),

indicate a mean close to 35 inches. The annual values for Ashford (1893),

Avondale (1908), and Shillelagh (1908), agree with the records for neigh-

bouring stations.

The Isohyetal Map.

The most effective manner of presenting the distribution of rainfall

is by means of isohyetal or eqnal-raiufall lines drawn on a map. The

stations with the numbers representing their mean annual rainfall values

iire marked on the map ; and by reference to these stations, lines are drawn

through points having probably the same mean rainfall. The principles of

constructing such rainfall-maps are very fully discussed by Dr. Mill in the

Quarterly Journal of the Eoyal Meteorological Society, vol. xxxiv.. No. 146,

April, 1908 ; and a very important critical discussion of the subject will be

found in the Monthly Weatlier Eeview, United States Department of Agri-

culture, Weather Bureau, April, 1902.

The results obtained in the present investigation permitted the drawing

of isohyetal lines corresponding to 28, 30, 32, 35, 40, 45, 50, and 60 inches

of rainfall. Following a suggestion made some years ago by Symons, the

increase in rainfall is indicated by increased thickness of the equal-rainfall

Lines. The 50- and 60-inch isohyetals are based on but few records, and,

being to some extent doubtful, are represented by broken lines. Where the

number of records was insufficient, the run of the isohyetal line was decided

by reference to the contour and by careful consideration of the similarity of

the conditions with those of other neighbouring places of known rainfall.

This procedure unfortunately allows a great amount to individual judgment,

and is open to criticism. It is, however, in the absence of records, the best

approved method, and is found to be justified by experience. The degree of

probability to be associated with the isohyetal lines is moreover likely to be

greater over a small area than in the case of extended regions.

The distribution as shown on the accompanying map (see Plate XXI.)

is remarkable for the great range in precipitation, and for the very rapid

gradient or sudden change in the rainfall immediately south of Dublin

City. There is seen to be an area of mean annual rainfall less than 28
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inches, including Dublin as a centre, extending north to Malahide, west

to Lucan, and taking in a narrow part of the coast about Kingstown,

Dalkey, and Killiney. It seems very remarkable that the elevated ground

at Dalkey and neiglibourhood should have such a low rainfall; but a

careful investigation showed no evidence to doubt the values computed for

Belle Yue Park and Gloneevin. The 28-inch line was pushed outside tlie

coast immediately south of the city in consideration of the values found

for Blackrock, Dundrum, Eathmines, and Terenure. The 30- and 32-inch

lines were easily determined by. the numerous records available. The

35-inch line presented two branches, one enclosing the high-lying land on

the north-west corner of the area ; the other branch encircling the mountain

system in the south from Carlow to Wicklow. This 35-inch line was brought

outside Bray Head in consideration of the height of the latter and the

elevations immediately inland. The 40-inch and 45-inoh lines were decided

by the records of Roundwood, Bray (Fassaroe), Enniskerry, and Glenas-

mole. The 50- and 60-inch lines were based on the records for Grienasmole

and Laragh (Glendalough).

The following represents the areas included in the several zones of

rainfall :

—

square miles.

Under 28 inches, . . .

.

.

.

62-9

Between 28 and 30

30
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rainfall-maps of Ireland are those included by Dr. H. E. Mill in his

valuable paper, " On the Distribution of Mean and Extreme Annual Rainfall

over tlie British Isles " in 1903.^ Mill considered the mean annual rainfall

for the period 1870-1899, and also the rainfall for the extremely wet year

1872, and the exceptionally dry year 1887.

The above maps, which were made on a small scale, gave only the more

general features of the distribution of rain, and did not attempt to show the

details of local variation. The present map was originally prepared on a

scale of \ inch to the mile, or approximately 1 to 250,000. Special attention

was given to the prepai'ation of the plate, so as to deal with the well

recognized difficulty of presenting at the same time the rainfall-distribution

and the physical features. This difficulty, which has been frequently discussed,-

was met in the present case by representing the rainfall-distribution by the

isohyetal lines and graduated tints ; the relief features being brought out

by showing the details of the river-systems and the heights of the more

important elevations, as well as by carefully selected hill-shading in black.

All roads were omitted to avoid complication of detail. The canals and

railways were marked in for reference.

GrENERAL Results and Conclusions.

The meteorological and physical importance of the local variation of rain

makes it desirable to consider the results of the present investigation with

special reference to the relation of rainfall to orography, and to the

agreement of our results with facts elsewhere established on the subject.

It is also necessary to review the current theoretical views on the problem of

rainfall and relief in seeking an explanation of the observed facts.

The distribution observed in the present area shows a clearly defined

dependence on the marked configuration of the country. The highest

rainfall is found in the midst of the Wicklow Mountains ; the lowest in the

low-lying area enclosing Dublin and the valley of the Liffey near its

entrance to the sea. On the east and west and north, the isohyetals from

35 to 60 follow closely the limits of the mountain system. To the north-

west of Dublin the rainfall increases very gradually and is in close agreement

with the gradual increase in elevation.

This connexion of rainfall with relief is seen in all parts of the world

where the mean annual rainfall is charted. It is found not only in the

general distribution over large areas, but even in the detailed charts of small

' Minutes, Proc. Inst. Civil Engineers, vol. olv., p. 293.

- See Monthly Weather Review, U. S. "Weather Burean, vol .\.\x., No. 4, April, 1902,

pp. 205-243.



368 Scientific Proceedings, Royal Dublin Society.

areas as in the present ease. It is moreover observable in districts the

relief features of which are not very prominent, as was shown by Hellmann^

in the case of East Prussia, and by Mill- in tlie maps of Sussex and Kent.

Apart from the general fact that over elevated country the rainfall is greater

than over the plains and low-lying districts, no quantitative or definite

relation is discoverable between the annual rainfall and the absolute altitude,

and many exceptions appear to the rule—the greater the height the greater

the rainfall. The aspect of the hills with reference to the prevailing winds, and

the detailed configurations of the mountain systems, are factors as important

as actual height. Moreover, experience shows, and theory suggests, that the

rainfall will depend on the slope, as distinct from the heiglit of the mountain,

and on the extent of the sea or evaporating area over which the wind has

previously passed.^ To the lee-side the rainfall is usually found to be

small, as if the mountains had removed the rain from the air-currents, and

thus sheltered the district leewards.

These points are prominently established in the present distribution,

especially when we consider the winds prevailing over the area. The ten

years' record, 1898-1907, at the Ordnance Survey, Phoenix Park, Dublin,

gives the following as the average number of days per year during which

the wind blows in the particular direction stated :

—

N. NE. E. SE. S. SW. W. NW.
18. 19. 35. 20. 27. 72. 104. 17.

It is easily seen that the westerly and south-westerly are the most

prevalent winds ; and we may regard them both as rain-bearing, more

especially the south-west. As shown in the map, the increase in the rainfall

to the south-west or windward side of the mountains is rather gradual,

whereas on the north-east or lee side there is a very rapid decrease towards

the city. This effect is elsewhere recognized in the influence of mountains

on precipitation. On the east coast of Wicklow the rainfall gradient is more

gradual than that shown to the north-east. The easterly and south-easterly

winds are responsible for a portion of the annual rainfall near the coast ; and

this effect very probably masks the sheltering action of the hills on the

winds of westerly type. The particularly low rainfall of Kingstown and the

elevated district near Dalkey and Killiuey is probably due to the protecting

influence of the Dublin Hills. It would be particularly interesting to study

liow the rainfall of these districts fares in the course of easterly and south-

easterly winds.

The rapid variation in the rainfall immediately south of Dublin, combined

' loc. cit., page 355. - loc. cit., page 365.

^ Dr. A. Buchan, Minutes, Proc. Inst. Ciyil Engineers, vol. dx., p. 135.
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with the very narrow area of the zone under 28 inclies, is an important

feature of the present distribution. From Terenure, with a mean of 27*5

inches, to Glenasmole Lodge, with a mean of 53-0 inches, the distance is

only a little over six miles. A very remarkable difference is also found

between the rainfall at Grlenasmole Lodge and Grlenasmole Waterworks,

within a distance of two miles. Tlie record at the former is uniformly and

considerably liigher than at the latter. The annual rainfall graphs run

practically parallel, but tlie mean of the Lodge record is 53, and that for

the Waterworks is 45 inches. The gauge at the Lodge was unfortunately

abandoned in 1889, owing to the site being affected by trees. The caretaker,

Mr. O'Brien, who gives the closest personal attention to the rainfall and

general weather of the district, finds both the frequency of showers and the

intensity of rain greater at the Lodge than at the Waterworks. He tells

of having frequently experienced very heavy rain at the former place during

a day when the gauge at the Waterworks registered but a small amount

;

and the sudden rise of the river flowing from the Lodge has often indicated

heavy and continuous rain at the upper valley when that registered at the

Waterworks was insignificant.

The increased precipitation at Glasnevin compared with the city is very

interesting and difiicult to explain, especially when we conSi<ler the low

rainfall of the coast districts to the north. The exceptionally low value for

Lambay Island is perhaps to be connected with the small rainfall usually

observed near the sea ; but the data for Lambay are too restricted to merit

discussion at present. Passing from the lower limit to the higher limit of

the rainfall, we find a considerable amount of interest in the record for

Laragh (Grlendalough). The station is situated at a comparatively low level

in the midst of the mountains, and to tlie north-east of Lugnaquilla (;3039

feet). Its moan annual rainfall works out at 59 inches.

In considering this record of Grlendalough attention must be paid to the

fact that on mountains a definite maximum zone of rainfall occurs ; and this

maximum is found sometimes on the summit, sometimes on the windward,

and occasionally on the leeward side. In the Lake District' the maximum
occurs at an altitude of about 1500 feet ; and the striking fact is tliere noticed

that the rainfall at 3000 feet is about 90 inches, whereas in the valley on the

lee side the rainfall is about 140 inches. The Lake District being exposed to

the practically direct approach of the rain-bearing winds from the sea is

probably subject to more exceptional conditions than Wicklow. It is never-

theless possible that the rainfall of Glendalough is not much lower than the

' " British Rainfall," 189V.

SCIENT. PKOO. R.D.S., VOL. SII., NO. XXX. 3 O
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rainfall at the higher levels around it. It is difficult, however, to extend the

results obtained in other places to help to decide in such a matter as this.

The position of the maximum zone depends on the absolute heights and

details of the mountain system, on the prevailing winds, and on the average

conditions of temperature and humidity.^ The maximum zone lies lower in

winter than in summer by reason of the lower temperature and larger relative

humidity, and in Wioklow the average rainfall for the summer is probably

greater than for the winter. The fact that a rainfall of 53 inches was found

for Glenasmole Lodge is, with the other considerations, a justification for

considering a rainfall over 60 inches probable in the centre of Wicklow.

With reference to the values found for the frequency of rainfall as repre-

sented by the average number of rain days per year, it is remarkable that the

difference generally is very small, and in cases quite negligible even for

stations the rainfalls of which show the greatest contrast. Thus the fre-

quency of rain at Phoenix Park is 215, the same as at Gleudalough, although

the rainfall for the latter (59) is more than double the rainfall of the former

(28"2). Again, there is observed a considerable difference in the rain-fre-

quency for the neighbouring stations, Phoenix Park (215) and Straffan (180),

whereas the difference in rainfall is small and in the opposite direction.

It is perhaps possible to draw only questionable deductions from the

results just mentioned as to the rain-frequency. It would seem, however,

that the great differences observed in annual rainfall over a limited area are

generally not due to rain days being more frequent in the mountains than in

the low-lying districts, but rather to the rain being more intense, or possibly

more prolonged in the course of each rain day. Further facts on these points

are urgently needed. The question of rain-frequency, so far as the author

knows, has not been previously considered in relation to rainfall-distribution
;

and no confirmation of the present results can be given.

Thkoretical Considerations.

When we proceed to seek the causes of the influence of relief on rainfall,

we find the subject has not received very satisfactory treatment, and that

existing views are vague and scarcely adequate to explain the several facts

established. Older writers rested content with tlie suggestion that moist air

was condensed by its contact with the cold mountain side. It is now proved,

however, that any condensation produced by such a process or by the mixing

of warm with cold air-masses is insignificant. It is recognized that the most

Lehrbuoh der Meteorologie," J. Hann, 1901, pp. 350-352.
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frequent and most effective process in condensation is the adiabatic cooling

produced by the expansion of ascending masses of air. The condensation

will result at first in the formation of necessarily minute cloud-particles ; and
a second phase or process is involved in the development of rain-drops from

these minute cloud-drops. The factors and conditions necessary for this

second development are very obscure. The continued growth of a drop by
further condensation is difficult to understand in most cases, owing to tlie

latent heat involved in the process.^ Such continued condensation could

probably occur only if the expansion was rapid' or sustained.^ The develop-

ment of rain-drops by the coalescence of the cloud -particles is a process also

presenting physical difficulties ;* and it is well recognized that an important

factor in this process of coalescence is the electrical conditions in the air.^

Confining attention to the condensation phenomena, it is seen that the

ascensional movement of air may be brought about in two ways, giving two

distinct classes of rain. The first will be produced in the upper currents,

associated with such barometric systems as cyclones and secondaries, and

with such disturbances as thunder- squalls. In the second case, wind blow-

ing towards mountains will be forced upwards ; and under suitable conditions

condensation will take place. The latter effect will be local ; and rains thus

produced are called orographical rains, to distinguish them from the meteoro-

logical rains associated with such atmospheric disturbances as cyclones. In

considering the influence of relief on the rainfall, it is most important to

distinguish between these two kinds of rain. It would seem reasonable to

suppose that tlie relief-features would exercise very little, if any, influence

on the condensation occurring in the case of the meteorological rains, the

causes of which must be sought in the middle or higher layers of the

atmosphere. This supposition should hold especially in the case of small

areas, over which the conditions in such layers would probably be uniform.

In this connexion it is important to note that Mill has recently stated

that, in a study of tlie distribution of such rains as occur in cyclones and

thunder-squalls, he finds no relation to the configuration of the country.*

It is thus natural to look to the orographical rains as an explanation of the

increased rainfall on elevated ground. The theory of the formation of con-

densation on mountain slopes was mathematically worked out in some detail,

' Osborne Keynolds, Scientific Papers, vol. i.,pp. 214-230.

^ Angot, "Annales du Bureau Central Meteorologique," 1895.

3 Aitken, Proc. Eoy. Soc, li., 1892, p. 408.

* Aitken, ibiil. ; Lord Kayleigh, Phil. Mag., xlviii., 1899, pp. 321-337.

^ Lord Eayleigh, Proc. Eoy. Soc, vol. xxviii., 1879, p. 406.

^ Quart. Journ., Eoy. Meteor. Soc, vol. xxxiv.. No. 146, April, 1908, pp. 72, 73. He regards

it, however, as too soon to speak with certainty on this point.
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by Prof . F. Pockels, Dresden, in 1901.' Making certain assumptions, and

considering only simple relief forms at right angles to the wind, Pockels

showed that, in the ease of liigli mountains at least, a maximum rain-zone

would be found on the windward slope, and that tlie precipitation would

depend on the slope rather than on the actual height of the mountain.^ The

conclusion was also given that mountains less than 500 or 600 metres high

would not occasion rain under ordinary atmospheric conditions, either in

summer or in winter.

It is apparent that considerable difficulties arise in attempting to

explain by reference to orographical or local rains only tlie influence of

relief on rainfall. The influence as already noted is observed even in

the case of small elevations; and in the case of moderate altitudes, such

as were studied in the present paper, the effect is very marked. Over

the present area and the British Isles generally a very considerable pro-

portion of the total annual precipitation must be associated with meteoro-

logical rains ; and the difficulties of explaining the local variation by the

orographical rains is increased. It would be necessary to suppose that such

orographical rains were very frequent, or very intense, or long continued. The

results for the number of rain days per year, given in the present analysis,

do not appear to justify the assumption that rain is much more frequent

in the mountains than in the plains. Apart from this, however, it is difficult

to understand, on Pockels' theory, or from general considerations, how the

intensity and duration of the local rains could be such as to account suffi-

ciently for the great differences observed in the rainfall. It must also be

pointed out that local rains are more frequent in summer than in winter

;

but in summer, when the relative humidity is low, and the temperature high,

tlie influence of mountains in causing precipitation is less than in winter.'

It is not desirable to go further into the discussion of this important

matter in the present paper. A considerable amount of existing evidence has

to be carefully balanced, and further information on several points obtained,

before any finality of opinion can be reached. It may be suggested, however,

with all the reserve necessary under the conditions of our present knowledge,

that, apart from inducing condensation under favourable conditions, mountains

increase the rainfall bj' their action on already condensed cloud-masses. It is not

difficult to indicate liow their action might probably help in the second process of

' Aim. d. Physik, 1901 (4), vol. iv., p. 459, and Monthly 'Weather Review, U. S. Weather Bureau,

April, 1901.

- Hann's " Klimatologie, " vol. i., p. 298.

' Prof. J. Hann, "Lehrbuch der Meteorologie," p. 350 ; Supan, Memoir " On the Distribution

of Rainfall over Islands and Continents of the Globe," pp. 40-43.
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rain-makiug, viz. the development of rain-drops from the first minute particles

of condensation. The vertical air-currents in the vicinity of mountains would
impel upwards any approaching cloud-masses, the products of previous and
independent condensation. This upward impulse would cause cooling and
produce further condensation on the already formed cloud-particles; further-

more, the eddying currents likely to occur in mountain systems would similarly

help in the growth of rain-drops. If, as is probable, coalescence plays a part

in rain-making, it is easy to see that mountains would tend to increase the

frequency and intensity of collisions by the aerial disturbances set up, and
the unequal velocities such disturbances would impart to different-sized

drops. Moreover, if the coalescence process is affected by electrical con-

ditions, and if, as suggested by Lord Eayleigh's^ experiments on colliding

water-jets, coalescence is induced by differences in the electrical field, it is

possible that the well-known inequalities' in the atmospheric electrical field

near mountains play a part in the formation of rain in such places. It is

proposed to develop these suggestions in a subsequent communication.

In conclusion the author would express his obligations to the various

rainfall observers whose conscientious daily returns formed the groundwork
of this investigation, and to the British Eainfall Organization for rendering

the data so readily available for study. Indebtedness must also be expressed

to Dr. H. E. Mill and Sir John Moore, M.D., D.Sc, for help in the matter of

references. Acknowledgment should also be made of the special facilities for

visiting the gauges and districts afforded by the Department of Agriculture
and Technical Instruction for Ireland.

1 loc. cit., p. 371.

^ Chwolson, " Traite de Physique," tome iv., ler fascicule, 1910.
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rain-making, viz. the development of rain-drops from the first minute particles

of condensation. The vertical air-currents in the vicinity of mountains would

impel upwards any approaching cloud-masses, the products of previous and

independent condensation. This upward impulse would cause cooling and

produce further condensation on the already formed cloud-particles; further-

more, the eddying currents likely to occur in mountain systems would similarly

help in the growth of rain-drops. If, as is probable, coalescence plays a part

in rain-making, it is easy to see that mountains would tend to increase the

frequency and intensity of collisions by the aerial disturbances set up, and

the unequal velocities such disttirbances would impart to different-sized

drops. Moreover, if tlie coalescence process is affected by electrical con-

ditions, and if, as suggested by Lord Rayleigh's^ experiments on colliding

water-jets, coalescence is induced by differences in the electrical iield, it is

possible that the well-known inequalities" in the atmospheric electrical field

near mountains play a part in the formation of rain in such places. It is

proposed to develop these suggestions in a subsequent communication.

In conclusion the author would express his obligations to the various

rainfall observers whose conscientious daily returns formed the groundwork

of this investigation, and to the British Rainfall Organization for rendering

the data so readily available for study. Indebtedness must also be expressed

to Dr. H. R. Mill and Sir John Moore, M.D., D.Sc, for help in the matter of

references. Acknowledgment should also be made of the special facilities for

visiting the gauges and districts afforded by the Department of Agriculture

and Technical Instruction for Ireland.

1 loc. cit., p. 371.
'^ Chwolson, " Traite de Physique," tome iv., ler fascicule, 1910.
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VAPORISATION, AND CRITICAL CONSTANTS OF THIRTY
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By SYDNEY YOUNG, D.Sc, F.R.S., Trinity College, Dublin.

[Read Januahy 25. Ordered for Publication Febeuahy 8. Published June 10, 1910.]

The kinetic theory in its original form is applicable only to theoretically

perfect gases, the molecules, so far as their dimensions are concerned, being

regarded as mathematical points. It is assumed that they are endowed with

perfect elasticity, and that they do not attract one another.

The extension of the theory to cover the case of real gases under high

pressure and of liquids is due, in the first place, to Van der Waals,' who

proposed the fundamental equation of state :
—

p + -^V-y -h) = ST.

The researches of Andrews, Amagat, and Ramsay and Young, liowever,

led to the conclusion that the equation of Van der Waals, althougli

reproducing the general form of the isotliermals, did not give results in

sufficiently close agreement with the experimentally determined data ; and

numerous modifications of the formula have been proposed by physicists, but

no completely satisfactory equation has yet been devised.

On the other hand, Van der Waals pointed out that by expressing the

pressures as fractions of tlie critical pressure, the absolute temperatures as

fractions of the absolute critical temperature, and the volumes of liquid and

of vapour as fractions of tlie critical volume, a " reduced " equation could

be derived from the original formula which should be applicable to all

substances.

Applying the reduced equation to the special case of liquids at their

boiling-points and saturated vapours, it would follow that if the pressures of

any two substances are proportional to their critical pressures, tlieir boiling-

points (expressed as absolute temperatures) should be proportional to their

critical temperatures, and their volumes, both as liquid and as saturated

vapour, should be proportional to their critical volumes.

' Continuitat der gasformigen und fliissigen Zusfandes.
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Moreover, these geueralisatioDS regarding " correspondiug " pressures,

temperatures, and volumes, might be true, even though the original equation

required considerable modification.

It was with the object of testing tlie correctness of these generalisations

that I undertook a series of determinations of vapour-pressures, specific

volumes, and critical constants of pure liquids.

The data have been published in a series of papers in the Transactions of

the Chemical Society, the Proceedings of the Physical Society, and the

Philosophical Magazine' ; but, for the following reasons, complete data for

any one substance are not to be found in a single paper :

—

1. New methods have from time to time been devised, chiefly for the

determination of the specific volumes of liquid and saturated vapour.

2. When the earliest ])apers were published, no satisfactory method of

determining the critical volume of a substance was known ; and it was shown

by Gouy that, owing to the extreme compressibility of a substance in the

immediate neighbourhood of the critical point, the direct method at first

employed could not be regarded as accurate.

It was, however, discovered by Cailletet and Mathias that the mean

densities of liquid and saturated vapour, when plotted against the

temperatures, appear to fall on a straight line (fig. 1, p. 376)''; and they

showed that the point of intersection, 0, of this rectilinear diameter, AC,

with the closed curve of orthobarie volumes, VCL, gives the critical density.

Slight deviations from the law of Cailletet and Mathias were observed as

a rule ; but they ajipeared to be insignificant, and were attributed to errors of

experiment; and the critical densities of the great majority of the substances

were determined by this method.

Subsequently, however, on close investigation of the whole of the results,

it appeared that the deviations were too regular to be attributable to

experimental error, and that the diameter must in most cases be regarded as

slightly curved. A redetermination of the critical densities, taking tlie

slight curvature of the diameter into account, was therefore necessary.

3. The methods employed for the determination of the volumes of a gram

of the saturated vapours of most of the substances are of such a nature that

the results increase in accuracy as the temperature rises. When the papers

were first published, no special importance was attached to the data at the

lowest temperatures (generally not far from the boiling-points under normal

pressure) ; and it was considered sufficient to plot the logarithms of the

' The expeiimeiits on ethyl ether, methyl alcohol, ethyl alcohol, propyl alcohol, and acetic acid

(up to 290°) were carried out by Sir William Eamsay and the author at an earlier date.

'' In this figure the actual data for normal pentaue are reproduced.

3f2
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specific volumes against the temperatures and to draw curves to pass as

evenly as possible through the points. Now it is a matter of common

experience that, in drawing a curve through a series of points, even when the

errors of experiment are fairly regularly distributed, the deviation of the

drawn curve from its true position is likely to be smaller in the middle

portions than at the extremities. And when the trend of the curve—giving

the values of is considered, it is found that the errors are likely to be

much greater at the extremities than near the middle.

In the case of the volumes of saturated vapour, liowever, tlie errors of

experiment are usually greatest at the lowest temperatures; and tlierefore the

deviation of the drawn curve from its true position, and, to a still greater

extent, the error in the trend of the curve, is liable to be very much more
pronounced at its lower extremity than in any other part.

Having been asked by M. Chappuis, in 1907, to furnish a table of

densities of saturated vapour under normal pressure, and of the rate of

change of density per millimetre rise of pressure, for the " reciieil des

constmites 'physiques," it became necessary to consider the data at the lowest

temperatures more carefully than had hitherto been done.

An examination of the whole of the data leads to the conclusion that the
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saturated vapours of all the substauces investigated, witli the single exception

of acetic acid, behave more and more like perfect gases as the temperature

falls, although the real vapour densities under normal pressure are in every

ease higher than those calculated on the assumption that Boyle's and Gray-

Lussao's laws are strictly true.

In order to discover whether there was a serious error in the trend of

any of the curves, the following device was adopted :—The volumes of a

gram of vapour were calculated from tlie observed pressures for a range of

50 or 60 degrees from the boiling-point downwards on the assumption

—

(1) that the vapour behaved as a perfect gas, and (2) that the ratio of the

actual to the theoretical density was constant and equal to that actually

observed under a pressure of about two atmospheres (generally about 1'07 to

1-10).

Tiie logarithms of these tlieoretical volumes were plotted against the

temperatures, as were also the logarithms of the observed volumes for a

range of 100 or 120 degrees, that is to say, from about the boiling-point

under normal pressure to a temperature about 100 degrees higlier.

It is evident that the curve for the real vapour should, if produced, lie

between the two theoretical curves, and that, with falling temperature, it

should approach that for a perfect gas.

In this way it was found that, in drawing the original curves, too much

weight had, in several cases, been attached to the least accurate observations

at tlie lowest temperatures, but that, on the other hand, the results witli

iodobeuzeue at the lowest temperatures were more accurate than had been

supposed. In most cases the reconstructed curves differed only slightly

from those originally drawn.

It was then found that the particular data required could best be

obtained by plotting the logarithms of the densities of saturated vapours

(water at 4° = 1) against the logarithms of the pressures, guiding curves

being drawn as before. The curves for the real vapours were found to

approximate very closely indeed to straight lines at and near the normal

pressure, so that the following formulae could be employed :

log Sp = A + a log;;, (1)

(where s is the density and p the pressure). The values of A, a, s, and

ds— under normal pressure have been published in a separate paper.'

' Journ. de I'hysique, (4), viii., p. 6, 1909.
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As the orthobarie volumes of vapour published at various dates in

different journals are now found, in many cases, to require correction at

the lower temperatures, they have been read from the reconstructed curves,

and are given in the tables at the end of this paper.

4. In many of the papers, not only the specific but also the molecular

volumes are given, and in some cases the molecular volumes only. But
since the publication in 1889 of the first paper in which molecular volumes

wei'e recorded, the atomic weiglits of many of the elements have been

redetermined with greatly increased accuracy. In order to avoid confusion,

the atomic weights first adopted, those of F. W. Clarke {Constants of Nature,

1882), were adhered to in the whole series of papers, although it became

more and more evident as time went on that they required considerable

modification.

In the present paper it lias not been thought necessary to give the

molecular volumes at all, as they can easily be calculated, if required, from

the specific volumes.

5. After the vapour-pressures of each substance had been determined,

tlie logarithms of the pressures were plotted against the temperatures, and

curves were drawn through the points. Constants for Biot's formula

log p = a + ba* + c/3*

were then in most cases calculated ; and tlie vapour-pressures were re-

calculated from the formula, and compared with those read from the curves

or actually observed. The constants and the recalculated pressures are

given in the original papers for all the substances except the ten esters.

The values for methyl formate and etliyl formate were actually calculated,

but were not published at the time ; those for the other eight esters were

subsequently calculated by Dr. J. E. Mills, and the whole of them were

publislied by him.'

For the great majority of substances the observations extend from 0° to

the critical temperature ; but witli bromobenzene and iodobenzene it was not

found possible to extend the temperature range beyond 270°. Also in the

case of chlorobenzeue the constants of Biot's formula were calculated after

determinations of pressure liad been made up to 270°, but before those at

higlier temperatures had been carried out.

It was noticed some little time ago both by Dr. Mills and by myself that

although there is good agreement in all three cases between the observed

and recalculated pressures, yet the pressures calculated for the critical

temperatures are manifestly impossible. Evidently, therefore, tlie trend

' Journ. Phys. CI.em., x., p. 1, 1906.
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of the curves at their upper extremities must liave been iucorrect ; aud it

became advisable to recalculate the coustatits for Biot's formula.

In the original paper' it was pointed out that for any two of the four

halogen derivatives of benzene, the ratio of the boiling-points (on the

T
absolute scale) was evidently the same at all equal pressures, or -— = constant.

The values of the ratios of the absolute temperatures of fluorobenzene to

those of the three other compounds were first ascertained ; and the boiling-

points of fluorobenzene, at a series of even pressures, were then recalculated

from those of each of the other halogen derivatives. The mean of the three

recalculated temperatures and the observed temperature of fluorobenzene at

each pressure was taken to be the correct boiling-point at that pressure.

Finally, from the corrected boiling-points of fluorobenzene, those of the

other three substances were recalculated by means of the constants.

Comparing these recalculated temperatures with the observed boiling-

points, it appeared probable that there were small errors, chiefly at the

highest temperatures.

Taking these probable errors into account, new constants for Biot's

formula were calculated, and although the agreement between the re-

calculated and observed pressures up to 270° was not quite so good as before,

yet the calculated critical pressures were now satisfactory, notwithstanding

the great extrapolation—in the case of iodobenzene from 270° to 448°C.

The calculations of Dr. Mills had indicated tlie probable existence of

errors—either of experiment or calculation—in several other cases, and in

some of them it seemed not unlikely that the constants for Biot's formula

might be at fault. The constants were tlierefore calculated again for the

following substances in addition to chlorobenzene, bromobenzene, and

iodobenzene :—fluorobenzene, ethyl ether, ethyl propionate, methyl butyrate,

and methyl isobutyrate.

The whole of the data, pressures, specific volumes, &c., have been carefully

revised, corrections being made where necessary ; and the collected data are

given in the tables at the end of this paper.

It has not, however, been thought necessary to republish the results of

determinations of the compressibilities of the liquids or unsaturated vapours,

as they are very voluminous and are not affected by the alterations in the

orthobaric volumes. These data are to be found in the following papers :

—

1. Ethyl Ether, Ramsay and Young, Traus. Eoy.Soc, clxxviii., p. 57, 1887.

2. Methyl Alcohol, U. and Y., ibid., clxxviii., p. 313, 1887.

» Trans. Chem, Soc, Iv., p. 486, 1SS9.
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•6. Ethjl Alcohol, E. and Y., ibid., elxxvii., Pt. 1, p. 123,

4. Propyl Alcohol, R. and T., ibid., clxxx., p. 137, 1889.

5. Acetic Acid, II. and T., Trans. Chem. Soc, xlix., p. 790, 1886.

6. Isopentane, Young, Proc. Phys. Soc, xiii., pp. 602 and 658, 1895, and

Zeitschr. physik. Chem., xxix., p. 193, 1899.

7. Normal Pentane, Eose-Innes and Young, Phil. Mag. (5), xlvii.,

p. 353, 1899, also (5), xlviii., p. 213, 1899, and (6), ii., p. 208,

1901.

8. Normal Hexane, Thomas and Young, Trans. Chem. Soc, Ixvii., p. 1071,

1895.

9. The vapour-pressures, specific volumes, and compressibilities of steam

from 120° to 270° have been determined by Eamsay and Young, Trans. Eoy.

Soc, clsxxiii.A, p. 107, 1892.

Preparation of Material.

The physical properties of a substance, more especially at or near its

critical point, may be seriously affected by the presence of even a very small

quantity of impurity ; it is therefore of the utmost importance that the

purification of the substances investigated should be carried out with the

greatest possible care. Full details of the methods of preparation and

purification of the thirty compounds are given in the original papers ; but it

may be useful here to state briefly the methods employed in each case.

1. Normal Pentane.^—This paraffin was separated from American

petroleum by fractional distillation through a combined dephlegmator and

" regulated temperature " still-head. The material from which the paraffin

was obtained was Merck's " pentane," a light distillate from petroleum

consisting chiefly of pentanes with relatively small quantities of butanes,

hexanes, pentamethylene, &c.

After three preliminary fractionations, the distillates coming over

between about 28° and 37° (1030 grams) were shaken with («) concentrated

sulphuric acid, [b) mixtures of concentrated sulphuric and nitric acids,

(c) water, [d) caustic potash, and (e) water. They were then distilled over

phosphoric anhydride, and the fractional distillation was continued. The

weight of pure normal pentane obtained after twenty-one fractionations was

175 grams, 101 grams of pure isopentane being also separated. Each of

the parafiins was finally collected in two fractions ; and the specific gravities

were determined by means of a Sprengel tube of the form recommended by

Perkin. The weighings were in all cases corrected for the buoyancy of the

air.

young and Thomas, Trans. Chem. Soc, Ixxi., pp. 440 and 446,
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Specific gravity of normal pentane at 074° , A = 0-64536

:, • . B = 0-64541

BoiliBg-point under normal pressure . . 36-3°

Another specimen of normal pentane, recently separated from "petroleum

ether" by fractional distillation through an "evaporator" still-head of

fifteen sections, after treatment with acids, &c., as above, had the same
specific gravity ; but the boiling-point appeared to be a little lower. The
difference is doubtless due to an error in one of the thermometers; and
it may be mentioned that the zero points of the German soda-glass

tliermometers originally used were not quite constant. The boiling-point

calculated by means of Biot's formula is 36'13°.

2. Normal Hexane}~T\xe speoijueu employed for the chief determinations

was obtained from Kahlbaum, and had been prepared by the action of

sodium on propyl iodide. It was treated with acids and caustic potash in the

same way as normal pentane, and was fractionally distilled.

Specific gravity at 074° . . . A = 0-67696

. . . B = 0-67697

Later determination with new specific-

gravity tube .... 0-67703

Boiling-point under normal pressure . 68°-9o

A second specimen was separated from American petroleum (petroleum

ether) by means of the combined dephlegmator and regulated temperature

still-head; but methyl pentamethylene, boiling at about 71-5°, is also present,

and cannot be removed by fractional distillation. Both this hydrocarbon

and isohexane are attacked much more readily than normal hexane by
fuming nitric acid ; and the eight fractions collected between about 66° and
69° were separately subjected to repeated and long-continued heating with

the acid. After this treatment seven of the fractions boiled constantly at

68-95°, and the specific gravities of the five lowest varied only between
0-67693 and 0-67702.

3. Normal Heptane?—Dr. Tliorpe very kindly placed his well-known

specimen of normal heptane from Finns sahiniana at my disposal.

Specific gravity at 0°/4°, .... 0-70048°

Boiling-point under normal pressure, . . 98-43° ^

4. Normal octane.^—The specimen investigated was obtained from Kahl-

baum, and had been prepared from octyl iodide. The purification was in all

1 Thomas and Young, Trans. Chem. See, Ixvii., p. 1071, 1895; Young, ijia?., Ixxiii., p. 905,1898.
2 Trans. Chem. See, Ixxiii., p. 675, 1898.

' Thorpe, Trans. Chem. See, xxxvii., p. 213, 1880.
* Trans. Chem. Soc, Ixxvii., p. 1145, 1900.

SOIENT. PROG. H.D.S., VOL. XII., NO. XXXI. 3 G
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respects similar to that of Dormal hexane, except that a more efficient still-

head was employed. The distillate, which came over at a constant tempera-

ture, was collected in three fractions.

Specific gravity at 074°, . . . . A == 0-71850

„ . . . . 5 = 0-71847

„ . . . . 0=0-71848

Later determination with new tube, . . 0-71854

Boiling-point under normal pressure 125-8".

5. Isopentane^.—Three specimens of this paraffin were obtained from

different sources :

—

(«) Erom Kahlbaum's "pentane," This substance is obtained as a by-

product in the preparation of amylene from amyl alcohol, the admixed amyl-

ene being for the most part separated by means of bromine. The method of

purification was similar to that employed for normal pentane ; but after

treatment with the mixed acids, and before that with caustic potash, the

liquid was repeatedly shaken with concentrated sulphuric acid until no further

orange coloration was noticeable. After complete removal of amylene by

the acids, pure isopentane is easily obtained by fractional distillation.

(J) From amyl iodide. The strongest possible hydrochloric acid was

added drop by drop to amyl iodide, dissolved in five times its volume of absolute

alcohol, in presence of zinc on which a little copper had been deposited. The

temperature was maintained at 0°, and the action was complete in about twenty-

four hours. The liquid was poured off and distilled from the water-bath

until no more isoptane came over ; the distillate was shaken with water

several times to remove alcohol ; bromine was added, to remove amylene,

until the isopentane was permanently coloured ; excess of bromine was

removed by adding caustic potash; and the isopentane was then washed

with water, dried with calcium chloride, and fractionally distilled.

(c) From American petroleum. The separation of the two peutanes from

petroleum has been described under normal pentane.

The three specimens boiled constantly at 27-96° under normal pressure.

Their specific gravities at 0'^/4° were found to be :

—

(«) {b) (c)

1. 0-63925 0-63935 1. 0-63931

2. 0-63922 2. 0-63929

6. JDi-isoproppl.^—Great difficulty was experienced in tlie preparation of

1 Proc. Phys. Soc, xiii., pp. 602, 658, and 666, 1895, and Zeitschr. physik Chem., xxix., p. 193,

1899; Trans. Chem. Soc, Ixxi., p. 440, 1897.

2 Fortey and Young, Trans. Chem. Soc., Ixxvii., p. 1126, 1900.
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this substance. Two methods were employed, but neither of them gave very

satisfactory results.

(a) An ethereal solution of isopropyl iodide was treated with sodium, a

little water being added^ to promote the action. A considerable amount of

propylene was formed and carried away some of the di-isopropyl ; but a suffi-

cient quantity of the paraffin was obtained. After removal of the greater part

of the ether and unaltered iodide by distillation, the di-isopropyl was treated

with strong sulphuric acid; and the pure paraffin was finally purified by

fractional distillation througli a five-column " evaporator " still-head. It was

collected in two fractions.

Specific gravity at 074°, . . - . . A = 0-67951

„ . . . . ^ = 0-67945

Boiling-point under normal pressure, 68'1°.

(b) A strong solution of potassium isobutyrate was electrolyzed in a cell

of special construction, Every precaution was used to avoid loss of di-iso-

propyl; but under the best conditions the yield was only 1'5 grams from 100

grams of isobutyric acid, the theoretical amount being 49 grams. The chief

product of the reaction was isopropyl isobutyrate, large quantities of pro-

pylene being also formed. The quantity of di-isopropyl obtained by tins

method was too small to admit of its complete purification.

The specific gravity of the small impure specimen obtained by the second

method was 0-6806, and on distillation the greater part came over at 58-0°,

the temperature finally rising to 58-8°. The first specimen was employed for

all the determinations.

7. Di-isobutijl?—This paraffin can be satisfactorily prepared either by the

action of sodium on isobutyl bromide or by the electrolysis of a strong

solution of potassium isovalerate.

The action of sodium on isobutyl bromide is fairly rapid, and there was no

difficulty in preparing a sufficient amount of the hydrocarbon. As the boiling-

point of di-isobutyl ( i09'2°) is considerably higher than that of isobutyl bromide

(92-3°), the paraffin could be separated fairly completely from the unaltered

bromide by fractional distillation. The final purification was effected by

treatment with a mixture of nitric acid and sulphuric acid, and subsequent

fractional distillation through an efficient still-head.

It is to be noted that pure isobutyl bromide cannot be obtained by

distillation, because partial dissociation into isobutyleue and hydrobromic

acid takes place ; and the products of dissociation recombine to some extent

on cooling with formation of the tertiary bromide. A small quantity of

' Silva, Beiichte, v., p. 984, 1872. - Fortey and Young, lov. eU.

3 g2



384 Scientific Proceedings, Royal Dublin Society.

hexamethyl ethane is therefore formed by the action of sodium on the

bromide ; but it is completely removed during the fractional distillation. A
small quantity was isolated in the form of volatile colourless crystals.

Specific gravity at 074°, . . . 0-71021

Boiling-point under normal pressure, .
109'2°

The electrolytic method was found to give fairly satisfactory results ; but

as a sufficient quantity of di-isobutyl had been prepared already by the first

method, it was not considered necessary to purify the isovaleric acid by

fractional distillation. About 20 grams of di-isobutyl boiling from 109-15°

to 109'25° was obtained; but this specimen was not employed for the

determination of the physical constants. The first specimen of di-isobutyl

appeared to be quite pure ; the boiling-point was constant ; and the specific

gravities of the two fractions agreed very well together. The vapour-pressure

also at each temperature remained quite constant when the relative volumes

of liquid and saturated vapour were altered. It has, however, been pointed

out by Dr. Mills that there are certain anomalies in some of the physical

constants for this substance ; and it is a remarkable fact that after being kept

for two or three years in well-corked bottles, both specimens had evidently

undergone some change, for a few colourless crystals were present in each,

and the quantity of the crystalline deposit has continued very slowly to

increase, but is still hardly large enough to allow of a satisfactory investiga-

tion of the chemical nature of the substance. It seems just possible that

the di-isobutyl may have already contained a minute amount of this impurity

when its physical properties were determined.

8. Hexaniethylene^—A small quantity of this substance was obtained by

Miss E. 0. Fortey by the long-eontiuued fractional distillation of Galician

petroleum. It boiled quite constantly at 80'8°, and its specific gravity at

0°/4°, 07903, agreed perfectly with that of a specimen prepared synthe-

tically by MarkownikofE.^ It was found that it solidified partially in a

freezing mixture, but that the freezing-point was very far from constant

(about - 12° to - 7°) ; and it was evident that it contained a certain amount

of another hydrocarbon, probably a heptane such as tri-methyl propyl

methane, boiling at a temperature near to 81°, and inseparable from tiie

hexamethylene by fractional distillation. Fractional crystallization was

therefore resorted to ; and the less pure fractions (76° to 78'5°J, left over after

the chemical investigation, were utilized in addition to the small quantity of

material of constant boiling-point.

Special methods of separation of the crystals from the mother liquor were

' Fovtey and Young, Trans. Chem. Soc, Ixxv., p. 873, 1899. - Annalen, cccii., p. 1, 1898.
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devised ; and after a series of systematic reorystallizatious had beeu carried

out, a product melting almost constantly at 4*7° was obtained. There was

still, however, a slight fall of temperature before solidification was complete
;

but the quantity of material was too small to allow of further purification,

and it was thought that the amount of impurity must be very small indeed.

I have been recently informed by Dr. Timmermans that a specimen of

hexamethylene has been prepared by direct combination of benzene witli

hydrogen in presence of heated nickel, obtained by reduction of nickel oxide

(method of Sabatier and Sanderan), and that the melting-point of this

specimen is 6-5°. If this higher melting-point is correct, it is evident

that the hexamethylene separated from Galician petroleum was not quite so

pure as was hoped; but since the boiling-point of the admixed iieptane is

so close to that of hexamethylene, it is probable that the errors in the observed

physical constants are only slight.

Specific gravity at 074°, .... 079675

Boiling-point under normal pressure, . 80'85°

9. Benzene}—A large quantity of commercial benzene was distilled, and

was then twice frozen. It was repeatedly shaken with strong sulpliuric acid

to remove thiophene, and was finally purified by fractional distillation. The

melting-point was 5*58°.

Specific gravity at 074°, .... 0-90006

Boiling-point under normal pressure, .
80'2°

10. Fluorobenzene}—This compound was prepared as described by

Wallach^ and Wallach and Heusler'* by the action of concentrated hydro-

fluoric acid on benzene diazopiperidide, CsHs • N : N • NO5H10. By
fractional distillation a product of perfectly constant boiling-point was

obtained.

Specific gravity at 0°/4°, .... 1-04653

Boiling-point under normal pressure, . 85-2°

11-13. Chlorobenzene, Bromobenzene. loclobenzene.^—These substances were

obtained from Kahlbaum, and were purified by fractional distillation.

Specific gravity Boiling-point under
at 0°/4°. normal pressure.

Chlorobenzene, . . . 1-12786 132-0°

New specimen and new tube, . 1-12805

Bromobenzene, . . . 1-52182 156-0°

New specimen and new tube, . 1-52178

lodobenzeue, .... 1-86059 188'45°

'Trans. Chem. Soc, Iv., p. 486, 1S89. » Anualen, ccxliii., p. 219, 18

2 Annalen, ccxxxv., p. 255, 1886. ''Trans. Chem. Soc, loc. cit.
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1 4. Carbon tetraclilorklc}—A specimen which was obtained from Kahlbaum

was fractionated, and a product of perfectly constant boiling-point was

obtained.

Specific gravity at 074°, .... 1-63255

New specimen and new tube, . . . 1-63267

Boiling-point under normal pressure, . 76-75°

15. Stannic Chloride.'^—A very pure specimen was obtained from

Kahlbaum ; the first portions of the distillate contained a little hydrate, after

the removal of which the liquid boiled quite constantly. The receivers in

which this very hygroscopic substance was collected were placed in a

cliamber containing phosphoric anhydride in order to prevent absorption of

moisture by the distillate. This dry chamber was also used for many of tlie

other substances investigated. The chamber resembled an ordinary balance-

case ; a hole about an inch and a half in diameter, rather above the centre of

one side of the case, was closed by a piece of sheet indiarubber ; and the

delivery-tube from the still-head or distillation-bulb passed througli a per-

foration in the indiarubber. The receiver could be inserted or removed by

lifting the front side of the case.

In all the experiments with stannic chloride the greatest care was taken

to prevent access of moisture.

Specific gravity at O"/!", . . . 2-27875 (Thorpe^)

Boiling-point under normal pressure, . 114-1°

16. Ethyl Ether.*—The ether was prepared by heating absolute alcohol witli

sulphuric acid in the usual manner. The distillate was shaken with caustic

soda to remove any sulphurous acid, and was re-distilled. It was then left in

contact with calcium chloride for some time to remove most of the alcohol.

After re-distillation it was shaken repeatedly with small quantities of water

;

it was then dried with calcium chloride and distilled again. Metallic sodium

was then added from time to time until all evolution of gas ceased, and the

ether was distilled from the sodium. It was afterwards left in contact with

sodium until required, and was always re-distilled over sodium before being

used. The specific gravity was not determined ; but the mean of the values

given by Kopp, Pierre, MendeleefE, and Perkin, -0-7362, was adopted.

Boiling-point under normal pressure, 34-6°.

17-26. Ten Esters—Methyl Formate to Methyl Isobulyrate.^—DeteTmrnations

were made in each case with two different specimens. The one was obtained

1 Trans. Chem. Soc. lix., p. 911, 1S91. 'Ibid. ^ Ibid., xxxvii., p. 89, 1880.

* Ramsay and Young, Trans. Roy. Soc, clxxviii., p. 57, 1887.

5 Thomas and Young, Trans. Cliem. Soo., Ixiii., p. 1191, 1893.
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from Kalhbaum, the other was prepared from the alcohol and either the acid

or the anhydride by the usual methods. After removal of any free acid by

treatment with potassium carbonate, the ester was treated repeatedly with

phosphoric anhydride until, after standing all niglit, the liquid had the

appearance of a thin jelly. This appearance was never noticed until the

whole of the water and free alcohol had been removed by the phosphoric

anhydride. If necessary, the ester was distilled two or three times during

the treatment with the anhydride. It was then fractionated until a product

of constant boiling-point was obtained. The esters were always re-distilled

over phosphoric anhydride immediately before use.
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27. Methyl Alcohol}—The specimen was prepared by the action of ammonia

on re-crystallized methyl oxalate. The distillate was rectified, and was

re-distilled, first over quicklime, and then over barium oxide. It was finally

distilled six times over small quantities of sodium. As tlie boiling-point was

not quite constant, the alcohol was fractionated. The boiling-point was 64-7°

under normal pressure ; the specific gravity was only determined at 22-94°,

and was found to be 0-78909.

It has since been observed^ that the last traces of water can best be

removed from methyl alcohol by distillation through a very efficient still-

liead. Purified in this way a specimen of the alcohol boiled at 64-7° under

normal pressure ; its specific gravity at 074° was 0-81000.

Ethyl Alcohol.'^—Absolute alcoliol was frequently distilled over lime, and

finally over a little sodium. The boiling-point was quite constant. The

specific gravity was not determined, but the value 0-80633 was adopted.

Ethyl and propyl alcohol can best be dehydrated by distillation with

benzene through a very efficient still-head.* A specimen of ethyl alcohol,

purified in this way, had the specific gravity 0-80634 at 074°. By subse-

quent distillation with normal hexane, the specific gravity fell to 0-80627,

owing probably to the removal of a trace of benzene. This value agrees

very well with that of Mendeleeff, 0-80625.

Boiling-point under normal pressure, 78-3°.

Propyl Alcohol.^—The specimen was procured from Kahlbaum. It was

purified by fractional distillation, potassium carbonate being added to the

lowest fractions each time to remove part of the water from the mixture of

minimum boiling-point.

Specific gravity at 074°, . . 0-81929

Boiling-point under normal pressure, .
97-4°

At a later date" a fresh quantity of propyl alcohol was obtained from

Kahlbaum, and, after being purified by fractional distillation, was distilled

with benzene through a very efficient still-head to remove the last traces of

water. The specific gravity of this specimen at 074° was 0-81923, and the

boiling-point under normal pressure, 97-20°.

Acetic Acid.''—The specimen employed for all the determinations had

1 Kamsay andToung, Trans. Koy. Soc, olxxviii., p 313, 1887.

* Fortey and Young, Trans. Chem. Soc, Ixxxi., p. 717, 1902.

3 Ramsay and Young, Trans. Eoy. Soc, clxxvii., pt. i., p. 123, 1886.

* Young, Trans. Chem. Soc.,lxxxi., p. 707, 1902 ; Fortey and Young, ibid., Ixxxi., p. 739, 1902.

5 Eamsay and Young, Trans. Roy. Soc, olxxx., p. 137, 1889.

^ Fortey and Young, loo. cit.

' Ramsay and Young, Trans. Roy. Soc, olxxv., p. 461, 1884; Trans. Chem, Soc, xlix., p. 790,

86 ; Young, ibid., lix., p. 903, 1891.
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previously been purified by repeated crystallizations. It was distilled, and

after the first two-thirds of the total quantity of 600 c.c. had come over the

boiling-point remained perfectly constant.

Specific gravity at 0^/4°,
. . ] -0697

Boiling-point under normal pressure, . 1I8'5°

Proofs of Purify.

A liquid was not regarded as pure unless it fulfilled the following con-

ditions :

—

1. There was no perceptible rise of temperature during distillation.

2. The vapour-pressure at each temperature was independent of the

relative volumes of liquid and vapour.

There are certain mixtures which boil at a perfectly constant temperature,

and in this respect behave like pure liquids ; but the composition of the

mixture of constant boiling-point varies with the pressure under which the

liquid is distilled. Consequently, if the vapour-pressure of the liquid were

determined at its boiling-point under the pressure at which it was distilled,

no change would be produced by altering the relative volumes of liquid

and vapour ; but if the determination were made at a much higher

temperature, the mixture would not have the composition corresponding to

that temperature ; and the vapour-pressure would fall when the volume of

vapour was increased, and rise when it was diminished.

3. The vapour-pressures of each liquid at temperatures below the

boiling-point under normal pressure were determined by a dynamical

method ; at higher temperatures by a statical method. The continuity of

the two vapour-pressure curves affords strong evidence of the purity of the

substance investigated.

4. In the determination of the specific volumes of liquid and saturated

vapour at the highest temperatures, the values calculated for different

readings of the actual volumes of liquid and saturated vapour showed good

agreement. Such a result would not be obtained if impurities were present,

even in very small amount.

5. The phenomena observable at and in the immediate neighbourhood of

the critical point were quite normal. It is usually quite easy to detect the

presence of an impurity by observing the disappearance and reappearance

of the meniscus, and the formation of mist and so on at and very near the

critical point.

The only cases in which these tests are inconclusive are those in which the

impurity boils at very nearly the same temperature as the pure liquid, and is

SOLENT. PROC. E.D.S., VOL. XII., NO. XXXI. 3 H
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of a similar nature. Thus it is possible that the specimen of hexamethylene

may have contained a very small quantity of trimethylpropyl methane,

although this impurity had been almost entirely removed by fractional

crystallization. Again, when ethyl alcohol contains a very little water, it

tends, on distillation, to separate into two components :— (a) a mixture

containing 4'43 per cent, of water,' and [b) pure ethyl alcohol. The first

component boils at a temperature less than 0-2° below the boiling-point of

the pure alcohol.

6. When the liquid was distilled through a very efficient still-head, and

the distillate was collected in two or more fractions, these fractions showed

no difference in specific gravity. The presence of a trace of water in

ethyl alcohol can be conclusively demonstrated in this way, even when no

perceptible rise of boiling-point can be detected.^

7. In many cases more than one specimen of the liquid was prepared and

purified. Close agreement between (a) the boiling-points, (6) the specific

gravities, (c) the critical temperatures, ((/) the critical pressures, (e) other

physical constants of two different specimens of a substance may be taken as

a proof of the purity of both specimens.

Apparatus and Methods of Determining the Physical Constants.

Vapow-Pressiires.

For the majority of substances three methods were employed, two

dynamical and one statical.

1. From the lowest pressures to about 400 or 500 mm. the dynamical

method of Kamsay and Young' was found to be the most convenient and

to give the most accurate results.

The apparatus (fig. 2) consists of a wide vertical glass tube. A, closed

below, to which a side-tube, £, is fused near the top. The side-tube is

connected with a bulb, C, which may be cooled by ice or a freezing mixture,

and from the bulb passes a second tube, D, which is connected with an

air-pump and gauge to reduce and measure the internal pressure. A small

tube, closed by an india-rubber tube and clip, E, serves to admit air into the

apparatus. The wide vertical tube is closed above by an india-rubber

stopper perforated with two holes, through one of which passes a thermo-

meter, F, and through the other a glass tube provided with a stopcock

and reservoir, G, above. The bulb of the thermometer is covered with

' Fortey and Young, Trans. Chem. Soc, Ixxxi., p. 717, 1902.

- Zoo. cit.

^ Trans. Roy. Soc, clxxv., p. 37, 1884.
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cotton-wool; and the lower extremity of the glass tube is drawn out and

bent round so that the narrow end just touches the cotton-wool.

The liquid to be investigated is placed in the reservoir ; and the apparatus

is exhausted. A little liquid is then admitted so as to moisten the cotton-

wool. The condensing bulb is then cooled ; and the vertical tube is heated by

means of a water- or oil-bath, which sliould always be kept at a temperature

at least 20*^ higher than that registered by the thermometer.

The liquid on the cotton-wool evaporates rapidly, and displaces the air in

the lower part of the vertical tube, so that the remaining liquid is soon

3b2
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surrounded by vapour quite free from air. Under these conditions the

liquid very quickly reaches its true boiling-point under the pressure

registered by the gauge; but it cannot become superheated, since evaporation

takes place with perfect freedom, and, of course, ebullition is impossible.

The temperature and pressure are read ; and a small quantity of air is

then admitted to raise the pressure, when the temperature rises at once, and

soon becomes constant again at the boiling-point under the higher pressure.

Fresh quantities of liquid are added in small quantities, as required, from

the reservoir. A large number of readings can thus be taken in an hour or

two. The pressure may, if desired, be reduced by means of the pump,

when the temperature falls ; and the reduction of pressure can be carried on

until the boiling-point of the liquid falls to the temperature ofIhe condenser.

2. For pressures from about 500 mm. to that of the atmosphere, a

long-necked distillation-bulb with reflux condenser was employed, the

tliermometer being placed in the vapour.

A method similar in principle was employed by Regnault for the

determination of boiling-points under pressures higher than one atmosphere,

closed iron vessels being substituted for the ordinary glass apparatus.

Errors due to "bumping" or superheating of the vapour when the quantity

of liquid is very small may be almost completely obviated by covering the

bulb of the thermometer with a very little cotton-wool, so as to keep it

always moist. The whole of the mercury, not only in the bulb, but also in

the stem of the thermometer, should be heated by the vapour, so as to avoid

the somewhat uncertain correction for the cool portion.

3. For pressures higher than that of the atmosphere an apparatus was

employed which is similar in principle to that devised by Andrews for his

classical researches on carbon dioxide.

The apparatus, which was also employed for the determination of the

specific volumes of liquid and saturated vapour, as well as for the

compressibilities of liquid and unsaturated vapour, is shown in fig. 3. It

consists of a long wrought-iron tube, with three shorter tubes at right angles

to it. The long tube is securely fixed in a horizontal position, the branches

being vertical. One eud of the horizontal tube is closed ; the other end is

fitted with a thick steel ring. A, and perforated screw, B, through both of

which passes a smooth steel plunger, C. The space between the ring and

the screw serves as a stuffing-box to prevent leakage. It was filled with

the wick of a common tallow candle from which most of the outer part of

the tallow had been removed, and which was wound round the plunger

before the screw was inserted. The outer half of the plunger is cut as a

screw, and passes through the nut, D, which is rigidly fixed to the same
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stand as the iron tube. The screw can be turned by means of the circular

handle, E, and the capacity of the iron vessel thus increased or diminished.

Each of the vertical branches,

like tlie liorizontal tube, is provided

with a steel ring and perforated

screw, and through each screw and

ring passes a thick-walled glass tube

of about 1-5 mm. internal diameter,

kept in position by an enlargement

which presses against a leather

waslier fitting the bottom of the

screw. Each of these stufiSng-boxes

contains a well-greased, perforated,

cylindrical india-rubber stopper,

which rests on a greased leather

washer, fitting the upper side of the

steel ring. The glass tubes are

closed above, but open below ; they

are all graduated in millimetres

G and carefully calibrated ; two of

them serve as air-manometers. The

internal diameter of one of them,

F, which serves for the measurement

of moderate pressures, is the same

throughout ; that of the lower end

of the other, Q, which is intended

for high pressures, is much greater,

so that this tube is provided with

a reservoir of relatively great capa-

city. The third or " experimental
"

w///////////////mMm//////////////mm/^^^^^
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tube contains the liquid under investigation, and is usually similar to the

simpler manometer.

The iron apparatus is filled with pure mercury when the plunger is

drawn out as far as possible ; and the manometers, containing dry air freed

from carbon dioxide, are then inserted. The manometers are kept at a

known and nearly constant temperature by a current of cold water.

For a perfect gas the pressure is given by the formula

T
p = c .

—
V

where c is a constant, f -^ ), jTis the absolute temperature, and v is the volume
\ -'o /

of air in the manometer, ascertained by reading the position of the mercury.

In practice, the constant c for the low-pressure manometer was

ascertained by comparison with a direct column of mercury in a very long

tube placed temporarily in the third side-tube. This side-tube was then

closed by a glass rod ; and the constant for the high-pressure manometer was

ascertained by taking simultaneous readings on botli manometers.

It is absolutely necessary that the liquid in the experimental tube should

be pure and free from air. The tube is filled in the following manner :—

a

little pure dry mercury is first placed in the bulb-apparatus, fig. 4 ; and

while the pure liquid is being distilled—over phosphoric anhydride, if

possible—the distillate is collected directly in the bulb.

The experimental tube is then placed in the bulb-apparatus in the manner

shown in the diagram. The bulb-apparatus and tube are exhausted by

means of a pump ; the india-rubber tube is then closed by means of the screw-

clip, and the apparatus is removed from the pump.

By alternately warming and cooling the experimental tube some liquid

is caused to flow into it; and this liquid is vigorously boiled away. The

process is repeated several times so as to remove all air from the tube.
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Liquid is then allowed to enter until it nearly fills the tube ; and it is then

carefully boiled away from above downwards until the required amount is

left. The bulb-tube is then tilted up so that mercury enters and completely

fills the remainder of the experimental tube. The mercury should give a

clear metallic sound on meeting the liquid, and condensation of vapour

should be instantaneous; otherwise air has not been completely removed.

The experimental tube, wlien cold, is inserted in the iron pressure-apparatus,

great care being taken to prevent the entry of air at the moment when the

open end of the tube is plunged under the mercury.

The experimental tube is heated by means of the jacketing-tube H, fig. 3.

A perforated india-rubber stopper is first passed over the experimental tube

;

and the jacketing-tube is placed in position. A little mercury is then poured

tlirough a long funnel so as to cover the upper surface of the india-rubber

and protect it from the action of the pure liquid, the vapour of which is

to serve as tlie heating agent. This liquid is introduced through the same

long funnel ; and it is afterwards boiled in the bulb wliicli forms part of the

jacketing apparatus. If the liquid does not boil at a higher temperature than

160°, a water-jacket may be employed, as shown in the diagram, to condense

the vapour ; if the boiling-point is higher, it is not difficult to regulate the

supply of heat—from the burner below the bulb—so that the vapour shall

condense completely in the narrow tube. In this case it is advisable to

protect the jacketing-tube from draughts, by placing outside it a wider cylin-

drical glass tube. The top of this tube may be loosely closed by asbestos

cardboard.

The jacketing-tube is connected with an air-pump to reduce the pressure,

a large air-reservoir to keep the pressure steady, and a gauge to measure it.

The temperature of the vapour depends on the pressure under which the

liquid is boiling ; it may be kept constant for hours at a time, or it may be

rapidly altered to any desired extent within the available limits. If the

pressure is greatly reduced, the liquid is liable to boil with bumping,

and it is therefore advisable to have a series of pure liquids at hand.

For temperatures up to 280° the liquids recommended are carbon

disulphide, ethyl alcohol, chlorobenzene, bromobenzene, aniline, quinoline,

and bromonaphthalene.

The temperatures are ascertained by reference to the tables of vapour-

pressures,' which are given for intervals of one degree for each liquid within

workable limits.

When the vapour in the jacketing-tube is at the required temperature,

Ramaay and Young, Trans. Chem. Soc, xlvii., p. 640, 1885 ; Young, ibid., Iv., p. 483, 1889.
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readings of vapour-pressure are taken with the liquid and vapour in the

experimental tube occupying a series of different volumes. The best results

are obtained by first diminishing the volume by means of the steel plunger

until the vapour is completely condensed, then drawing out the plunger to

reduce the pressure until ebullition takes place,^ and taking the first reading

wlien the volume of vapour is small, and subsequent readings with increasing

volumes of vapour. The reasons for adopting this procedure have been

discussed in previous papers.^

T
The pressure, calculated by the formula ^; = c . — , must be corrected

(1) for the difference in level of the mercury in the experimental tube and

manometer, (2) for the pressure of the column of unvaporized liquid, (3) for

the expansion of the heated column of mercury, (4) if necessary, for capil-

larity, (6) for the deviation of air (in the manometer) from Boyle's law, as

determined by Amagat.^

No correction for the vapour-pressure of mercury should be applied,

because evaporation through a long column of liquid is an exceedingly slow

process.

If, when the volume is reduced, the last bubble of vapour cannot be con-

densed without noticeable rise of pressure, it may safely be concluded that

air has not been completely removed. In that case the results must be

rejected, and the experimental tube taken down, emptied, cleaned, dried, and

refilled, and the determinations repeated.

For substances, such as carbon tetrachloride, which act on mercury at

high temperatures, the experimental tube may be modified in such a manner

that the mercury is not heated.'' The method of calculation is more trouble-

some ; but accurate results may be obtained.

Specific GrRAvniKS and Specific Volumes of Liquids.

Tiie specific gravities of the liquids investigated, with a very few excep-

tions, were determined at 0° and at some higher temperature by means

of a Sprengel tube of the very convenient form recommended by Perkin'^

' When the liquid in the experimental tube is free from dissolved aii', it is impossible to get it to

boil again after the vapour has once been condensed, unless the temperature is at least 40 or 50

degrees above the boiling-point under normal pressure. At these lower temperatures the volume of

vapour should be diminished until only a minute bubble is left, but complete condensation should be

avoided

.

- I'roe. Roy. Dubl. Soc, xi., (N.S.), p. 89, 1906 ; Journ. de Chimie physique, iv., p. 425, 1906.
'> For talile of correction, see Tr.ivers, "Study of Gases." p. 167 (Maiiiiillan, 1901).

* Trans. Chem. Soc., lix., p. 911, 1891.

= Ibid., xlv., p. 444, 1884.
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(fig. 5). The tube must contain liquid at a known temperature from the end A
to the etched mark B, any excess being

removed by tilting the tube and touch-

ing ^ with a piece of filter-paper.

When the tube is replaced in a vertical

position, some of the liquid flows back

into the little bulb ; and when expan-

sion takes place with rise of tempera-

ture, the liquid passes into the bulb.

A determination is first made with

water at 0° to find the capacity of the

tube, and afterwards with the liquid

either at 0° or with tlie tube immersed

in water of known temperature. Diffu-

sion of vapour through the air in the

narrow tubes is so slow that no appre-

~*V^,^ ciable loss even of volatile liquids occurs

Fig. 5. during the determination. The specific-

gravity tube is suspended from the

balance-beam by the looped platinum wire C. All weighings must be

corrected for the buoyancy of the air.

The density s = — , where m is the corrected weight of liquid, and v is the

capacity of the tube from ^ to -B at the temperature of experiment.

For higher temperatures the iron pressure-apparatus (fig. 3) was employed.

The weight of liquid in the tube was ascertained by reading the volume at a

number of temperatures between that of the room and 0°, and then at higher

temperatures at intervals of 10 degrees, the volumes in this and all similar

cases being corrected for the expansion of the glass. These volumes were

plotted against the temperatures ; and from the curve drawn through the

points readings were taken at the temperatures at wiiich the specific gravity

had previously been determined. The weight of liquid is the product of the

read volume into the specific gravity. The mean of the two (or more) values

was taken as correct.

The volumes of a gram at the higher temperatures were then calculated

from the formula

where V is the volume of a gram, v the read volume, and m the weight of

liquid.

SCIENT. PROO. B.D.S., VOL. XII., NO. XXXI. 3i
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At temperatures below the boiling-point the compressibility is so slight

that the determinations may be made without sensible error under atmo-

spheric pressure. Above the boiling-points the pressure should be made as

nearly as possible equal to the vapour-pressure.

No difficulty is experienced until the temperature reaches about 0'85 of

the critical temperature (calculated on the absolute scale), because a small

alteration of pressure has ho sensible effect on the volume. At higher

temperature, however, the liquid becomes so compressible that it would

be necessary to make the pressure exactly equal to the vapour-pressure ; but

it is difficult to do this, because at these relatively very high temperatures

ebullition takes place with the utmost ease, even when the liquid is quite free

from air. If, when the vapour is all condensed, the pressure is reduced even

slightly below the vapour-pressure, ebullition takes places at once ; and the

pressure must again be raised to condense the vapour formed. If, on the

other hand, the pressure is even slightly too high, the observed volume of

liquid will be appreciably less than the orthobaric volume.

In order to obtain accurate results, a method' was in most cases adopted

which has also been described and employed by Mathias^ and by Amagat.^

Starting with the vapour completely condensed, the pressure is reduced

until ebullition takes place and a little vapour is formed. When the pressure

is quite steady, readings of the volumes of liquid and saturated vapour

are taken. The volume is then increased ; and when the pressure has again

become constant, the volumes of liquid and saturated vapour are again read.

The process is continued so as to obtain four readings of each of the two

volumes. Each time that the volume is increased some of the liquid evapo-

rates so tliat the volume of liquid diminishes and that of the saturated

vapour increases.

Calling the first and third volumes of liquid vi and v"' and the

corresponding volumes of saturated vapour «'/ and i\"', the ratio R of the

specific volume of saturated vapour to that of liquid is given by the

equation
%'" - v/ v,"" - v"A = —

;

m = —Tr 777? (o)

In this way two independent values of i? are obtained ; and the mean, if

the agreement is good, may be taken as correct. Want of agreement

between the two values would indicate that the liquid contained air or some

other impurity, assuming that the experiment had otherwise been carried out

satisfaotoril3^

' Trans. Chem. Soc, Ixiii. p. 1199, 1893. =Ann. de Toulouse, 1891.

^Compt. rend., cxiv., p. 1093, 1892.
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The volume of liquid, if all the vapour were condensed, would be

n = n' + -j^
= I'l' + ^ • • W

so that there are four independent values of the orthobario volume of liquid.

The orthobario volume of a gram of liquid = Vi = —•

The pressure-apparatus cannot be employed for liquids, such as stannic

chloride, which attack mercury ; and for these quite a different method, which

will be termed the "sealed-tube method," was employed.'

A piece of barometer-tubiug, of very even bore (about 1-5 mm.) and

about 60 em. long, is closed at the blow-pipe at d (fig. 6) about 20 cm. from

one end, the closed part being carefully rounded. The portion of the tube

de serves as a handle, and the end e may conveniently be closed.

The tube from d to c is then graduated in millimetres, and calibrated in

tiie usual way by weighing with mercury.

e d e

The end c is then sealed to the apparatus shown in fig. 7 (p. 400) ; and the

whole apparatus is thoroughly dried by repeated exhaustion and admission

of air dried over phosphoric anhydride. The freshly distilled liquid is then

admitted into tlie apparatus at g, either by means of a fine funnel, or, if

the liquid is hygroscopic, by means of a siphon arrangement, such as that

described by Thorpe,^ until the wide protuberance / is about one-third filled.

A piece of thick-walled india-rubber tubing, provided with a sorew-clip, is

then passed over g ; and the apparatus is connected with a pump and exhausted.

The clip is then closed, the apparatus removed from the pump, and the liquid

in the tube cd made to boil vigorously for some time, so as to completely

remove air dissolved in liquid or adhering to the walls of the tube. (The

narrow tube h, drawn out and bent at the end, prevents the projection of

the liquid against the india-rubber.) Lastly, the liquid is allowed to fill the

tube completely, and is then boiled from above downwards until only the

required amount remains in the tube, when the apparatus is tilted, so that

the greater part of the liquid above h flows into/. The tube, while bubbles

of vapour are still escaping slowly at h, is at once sealed at c.

1 Tvans. Chera. Soc, lix., pp. 37, 126 and 929, 1891 ; Proc. Phys. Soc, xiii., p. 617, 1895.

^ Trans. Chem. Soc, sxxvii., p. 22, 1880.

3i 2



400 Scientific Proceedings, Royal Dublin Society.

k

As the tube is required to withstand a very liigh internal pressure, the

sealed end should be fairly thick, and well rounded

internally. On the other hand, it is advisable to expose

the vapour as little as possible to the high tempera-

ture of the softened glass, for fear of partial decom-

position and formation of permanent gas. The method

adopted was to surround tlie glass tube, at the level of

the upper surface of the liquid, with cotton-wool on

which a little ether was poured. The liquid was thus

cooled, and the greater part of the vapour condensed.

The end of the tube was then carefully heated with

the smallest possible flame, so that, when softened, the

glass was forced inwards by the external atmospheric

pressure. The narrow end of the sealed tube thus took

internally the form of the bottom of a champagne

bottle.

In order to obtain accurate results, it is absolutely

essential that the liquid in the tube should be not only

pure, but also free from air or other gas. In order

to ascertain whethiar the tube had been satisfactorily

filled, a little of the liquid was transferred, by inverting

and tapping the tube, to the sealed end. By holding

the tube in a nearly horizontal position, and tapping it

vigorously near the sealed end, a short column of liquid was detached ; and

the tube behind the column of liquid was then gently warmed by holding it

between the fingers. The vapour-pressure thus rose a little and drove the

column towards the main quantity of liquid. By slightly cooling this with

tap-water a further small difference of pressure on the two sides of the

column was established ; and the column rapidly approached the larger

quantity of liquid. If any air or gas was present, it was collected in the

bubble which was left between the two quantities of liquid. In the absence

of air or gas the bubble was so small that, by tilting the tube and tapping

gently, it could be made to move along the liquid; audit gradually diminished

in size and finally disappeared. This test was always applied ; and when it

failed, as happened on two or three occasions, the filling was regarded as

unsatisfactory ; the end of the tube was then cut off, the liquid removed, and

the whole operation of filling the tube was repeated.

The volume of liquid was measured at 0°, and with the tube surrounded

by running water of known temperature. The total capacity of the tube

was ascertained by inverting the tube, so that all the liquid flowed to the
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sealed end, and reading the volume of vapour, care being taken that the

portion of the tube above the liquid was at a slightly higher temperature

than the lower part, so that no liquid should be left adhering to the walls of

the tube. The sum of the two readings gives the total volume ; but as the

tube was calibrated with mercury, which lias a convex meniscus, whilst

that of the liquid is concave, the first reading must be corrected for this

reversal of meniscus. When the tube is inverted, the concave meniscus of

the liquid corresponds in position with the convex meniscus of mercury during

calibration, and no correction is required.

Weight of substance in tlie sealed tube.—The total weight of substance in

the tube is the sum of the weights of liquid and saturated vapour. The

weight of liquid was ascertained in exactly the same manner as with the

pressure-apparatus. In calculating the weight of saturated vapour from its

volume, temperature, and pressure (the vapour-pressures had previously been

determined), it was assumed in most cases that the density of the saturated

vapour was normal at 0°, and at the temperature of running tap-water. The

total weight of vapour was always small ; and the error involved by this

assumption was negligible when the boiling-point was higher than, say, 60°.

In the case of the more volatile liquids, such as isopentane and normal

pentane, it was assumed that the ratio of the actual to the theoretical density

had the same value as the mean ratio for the substances previously examined

at the same " reduced " pressure. The correction even with isopeutane is

exceedingly small, and is almost negligible so far as the determination of the

specific volume of liquid is concerned; but it should not be omitted when the

specific volumes of saturated vapour are to be determined.

The arrangement for heating the tube is shown in fig. 8 (p. 402). CC is

a jacketing-tube, the bulb of which contains a pure liquid which is to be

boiled under reduced and known pressures. The lower end of the jacketing-

tube is narrow, and is provided with a piece of rather thick-walled

india-rubber tubiug, E, through which the volume-tube c passes. This

india-rubber tube must be kept under water at least twenty-four hours

before being used ; the volume-tube can then be pushed up through it

without difficulty. It is necessary to keep the india-rubber tube from slipping

from the jacketing-tube by twisting a piece of copper wire tightly round it.

The little glass tube, F, which is provided with a very short piece of

india-rubber tubing, O, contains water, which moistens the lower extremity

of the india-rubber tube, E, and the portion of the volume-tube immediately

below it. The jacketing-tube is supported by a retort-stand with two

clamps.

The pure liquid is poured into the jacketiug-tube through a long, narrow



402 Scientific Proceedings, Royal Dublin Society.

funnel, a \ery little mercury beiug first introduced in order to prevent the

liquid from coming in contact with the india-rubber tube, E.

The volume-tube is at first placed

in the position shown in fig. 8, with

the level of the liquid in the tube

below the condensed liquid, B, in tlie

jacket. The liquid in the bulb, C,

is then boiled—with the pressure

rather lower than that correspond-

ing to the lowest temperature re-

quired—and when the vapour has

reached the condenser,^ D, the

volume-tube is slowly pushed up

through the india-rubber tube, E,

until the whole of the liquid in it is

well above the surface of the con-

densed liquid, B. The little tube, F,

may then be pushed down, as the

water is no longer required. The

sealed tube is easily centred by

means of the perforated cork, H,

held in position by a clamp and

retort-staud.

After the tube is in position,

the pressure is slowly raised until

it corresponds to the required tem-

perature ; and a reading of the

height of the liquid is then taken.

A second reading is taken after two

or three minutes ; and if the volume

of liquid is smaller, readings are

taken from time to time until con-

stancy is attained.

At moderate temperatures the

volume of liquid should become con-

stant almost immediately, but near

the critical point the evaporation of

the liquid becomes much slower

;

' For liquids boiling above 160° a condenser is not re(juii-ed ; but it is advisable to use the wide

cylindrical glass tube, as described on p. 395.

H

Fig. 8.

and this is especially the case if any
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appreciable amount of air or other permanent gas is present in the tube.

The amount of permanent gas must be exceedingly small—otherwise accurate

results cannot be obtained.

After tlie reading has become constant the pressure is again slowly raised

—care being taken not to drive down the vapour below the top of the sealed

tube—until the next temperature is reached. If the top of the tube is

cooled, condensation takes place in it, and there is danger of liquid

remaining in contact with the walls of the tube, and of the apparent volume

of liquid being therefore too small. For the same reason it is advisable to

begin heating the tube in the manner described ; for if the tube were placed

in its final position at the beginning of the experiment, the liquid would boil

and would collect at the top of tlie tube.

Theory of the Method.—When a sealed tube containing a liquid and its

saturated vapour is heated, the volume of liquid tends, on the one hand, to

increase owing to expansion, and, on the other hand, to diminish owing to

evaporation. The observed volume of liquid may therefore increase, remain

constant, or diminish as the temperature rises; and the actual change depends

on two unknown factors, neither of which can be calculated from the data

afforded by the determinations.

The difficulty may be overcome by either of two methods, both of which

have actually been employed.

1. The simpler plan is to make another series of determinations at the

same temperatures with a second tube (or with the first refilled) containing a

different quantity of liquid, so that the relative volumes of liquid and

vapour in the two tubes shall be widely different.

Let m and m' be the weights of substance in the two tubes. At the

temperature t, let vi and v{ be the observed volumes of liquid, and v„ and z-/

the observed volumes of saturated vapour ; and let R be the ratio of the

specific volume of saturated vapour to that of liquid.

The total volumes of liquid, if all the vapour were condensed, would be

respectively

vi + - and vi \ —
li R

and the volumes of a gram of liquid would be



404 Scientific Proceedings^ Royal Dublin Society.

By the method of heating adopted, tliere is no difficulty in making the

temperatures in tlie second series agree with those in the first with an error

of less than 0-05°, and the difference is in most cases much smaller.

2. By the other method the volumes of a gram of liquid can be determined

with a single tube ; but the experimental difficulties are considerably greater,

and it is doubtful whether quite the same degree of accuracy can be attained.

It will be sufficient to state here that, at each temperature, four readings of

tlie volumes of liquid are taken with the wliole of the vapour and different

and increasing measured lengths of the column of liquid heated to the high

temperature, the lower part of the liquid being maintained at a constant low

temperature by a current of water. For the last reading, the whole of the

liquid as well as the vapour is heated to the liigh temperature. A full

description of tlie modified apparatus and of the method of calculation is

given in the original paper.^

Specific Volumes of Saturated Vapour.

The specific volumes of saturated vapour were determined either by direct

or indirect methods, or by both.

Indirect Method.

The specific volumes of unsaturated vapour were determined at a series

of temperatures, a large number of observations under different pressures

being made at each temperature. Plotting the volumes against the pressures,

the volumes of saturated vapour are given by the intersection of the

isotliermal curves with the straight lines of vapour-pressure. For these

determinations two forms of apparatus were employed.

1. For lyre&mres lower or not much higher than one atmosphere, the

Gay-Lussac-Hofmann vapour-density apparatus was modified in such a way

that the external pressure could be altered, and a series of observations made

at each temperature with the same quantity of substance.^

The apparatus in its final form is shown in fig. 9. In place of the

ordinary shallow mercury trough, a cylindrical gas-jar A is employed. This

is closed by an india-rubber cork perforated with one large central hole,

widened near the top, and two small holes near the sides. The vapour-

density tube, B, passes through the central hole ; and its lower end is

immersed in the mercury in A. Through the small holes in the india-rubber

' Trans. Chem. Soc, lix., p. 37, 1891.

" Eamsay and Young, Trans. Roy. Soc, clxxviii., p. 57, 1887. Young suid Thomas, Proc.

Phys. Soc, xiii., p. 658, 1895.
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cork glass tubes pass. One of these, C, is bent at right angles, and reaches

only a few millimetres below the cork ; it is connected with an exhaust and

compression-pump and two gauges, by means of which the pressure on

the mercury in A can be regu-

lated and read. The other tube,

D, reaches nearly to the bottom

of ^ ; it is bent twice at right

angles above the cork, and is pro-

vided with a stopcock or an india-

rubber tube and screw-clip. The

vapour-density tube is lieated by

the vapour of a pure liquid boiling

in the bulb E under reduced pres-

sures, regulated and measured by

the pump and gauge with which

the upper end of the jacketing-

tube is connected, fluctuations

of pressure are avoided by inter-

posing a glass globe of about 10

litres caj)acity between the jacket-

ing-tube and the gauge.

The vapour-density tube is

supported only by the india-

rubber tube through wliich it

passes. The jacketing-tube is

kept in a vertical position by the

large retort-stand and clamp

shown in the figure. The cyl-

inder A is placed on a stand

provided with three screwed feet,

and by means of these screws

the vapour-density tube is easily

centred.

In order to avoid the presence

of air in the vapour-density tube,

^'°- ^-
it was supported in a sloping

position, after being thoroughly cleaned and dried, with the closed end

resting on a piece of asbestos cardboard on the laboratory bench. It

was then thoroughly exhausted, and was heated to remove the film of

air adhering to the glass. Filtered mercury was then run into the liot

SCIENT. PKOC. R.D.S., VOL. XII., NO. XXXI. " S
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exhausted tube until it was nearly filled. After cooling, the vapour-

density tube was placed in a vertical position, and a little more mercury

added so as to completely fill it ; it was then inverted in a large trough of

mercury. The liquid to be investigated was weighed in a small bulb provided

with a hooked capillary neck ; and the bulb was passed up into the tube

immediately after being weighed.

Mercury was then poured into A until it filled the glass cylinder and

also the large perforatiou in the india-rubber cork. The vapour-density

tube was then sloped so as to cause more mercury to euter it from the

trough. The open end was then closed by the finger and the tube was

cautiously removed, and the open end placed in the mercury in the wide

upper part of the perforation in the cork, wliich served as a small temporaiy

trough. The vapour-density tube was then pushed down through the cork as

far as possible, the excess of mercury escaping through the tube D. By forcing

air through the tube 0, more mercury was driven out of A through D,

until the requisite level was reached. The stopcock on D was then closed,

and the rest of the apparatus fitted up.

The pressure of the vapour requires to be corrected for the heated column

of mercury, and also, at the higher temperatures, for the vapour-pressure of

mercury.

2. For pressures higher than one atmosphere, tlie pressure-apparatus

(fig. y) was employed. As with the modified Hofmann apparatus, pressure,

volume, and temperature can all be altered at will.

The volumes, as in all other cases, were corrected for the expansion of

the glass tube ; the corrections for pressure differed from tliose required for

determinations of vapour-pressure in two respects :

—

{a) There was no column of liquid over the mercury.

(6) The vapour-pressure of mercury must be taken into account ; but

the estimation of this correction is difficult owing to the slowness with

which mercury vapour diffuses through a compressed gas. The question

is fully discussed in the paper on isopentane.'

Direct Method.

1. By means of the Pressure-Apparatus.—It has been shown (p. 398) how

(a) the ratio R of the specific volume of saturated vapour Vv to that of

liquid V;, and (i) the specific volume of liquid, were calculated from four

readings of the actual volumes of liquid and saturated vapour at each

temperature, the weight of substance in the tube being known.

1 Proc. Phys. Soc, xiii., p. 621, 1895 ; Zeitschr. physik. Uhem. xxix., p. 210, 1899.
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The specific volume of saturated vapour is Vv = Rf'i-

2. Sealed-Tube Method.—It has ah-eady been shown (p. 403) that when two

tubes are employed the volume of a gram of liquid is given by the equation

Vv'Vl - VvV{

mi\ - m i\

The ratio of the volume of a gram of saturated vapour to that of liquid may

be calculated from the equation

v^m - ir„'m

vim - Villi

and, as before, Ts = RVj.

In the case of substances which do not attack mercury, the volume of a

gram of liquid may be determined quite satisfactorily at all temperatures by

means of the pressui'e-apparatus ; and tlie values so obtained may be used in

determining the volumes of a gram of saturated vapour by the sealed-tube

method. One tube only is then required for the determinations.

As before (p. 403). R = —!l—
Villi - Vi

where Vi is now known, and F» = RVi.

The Critical Constants.

Critical Temperature.

The critical temperature may be defined in various ways. When the

unsaturated vapour of a pure substance is compressed at a constant tempe-

rature far below the critical temperature, tlie volume diminishes and the

pressure rises until the condensing point is readied ; the vapour is tlieu said

to be saturated. When the volume is further diminished, liquefaction gra-

dually takes place, and the pressure remains perfectly constant so long as

both the liquid and the vapour phases are present. When liquefaction is

complete, the pressure rises again ; but the volume diminishes very slightly.

At a higher temperature, but still below the critical temperature, the

changes observed are similar in kind ; but the volume of saturated vapour is

smaller and that of the liquid greater, and the liquid is more compressible.

As the temperature is raised the volume of saturated vapour continues to

diminish, and that of the liquid to increase, until a temperature is reached at

which they are equal. This is the critical temperature. Wlien a gas is

compressed at its critical temperature, the liquid phase never appears ; but

within certain limits of volume a peculiar mist or opalescence is visible ; and

the fluid under these conditions is far more compressible than an ordinary

3k2
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gas ;
indeed, at one stage, the rise of pressure witli dimiuution of volume is

barely perceptible. At a slightly higher temperature the opalescence is never

visible ; and the compressibility is never so great as at the critical point.

When a liquid is converted into vapour, work is done and heat is required

{a) to overcome the mutual attraction of the molecules, and (b) to increase the

volume against tlie external pressure. The heat of vaporization—i.e., tlie

amount of heat required to convert 1 gram of liquid into saturated vapour—
diminislies as the temperature rises, and must necessarily vanish at the

critical point, since at this temperature the volumes of saturated vapour and

liquid are equal, or, more correctly, liquid and vapour are identical. The

critical temperature is that temperature at wliieh the heat of vaporization

vanishes.

When the temperature of a sealed tube containing a liquid and its satu-

rated vapour is gradually raised, one of three things will liappen

—

1. If tlie amouTit of liquid is smaller than a definite minimum, the loss

of volume due to evaporation—above a certain temperature at any rate—will

be greater than the gain due to expansion; and the liquid phase will disappear

before the critical temperature is reached.

2. If the amount of liquid is greater than a definite maximum, tlie gain

in volume due to expansion will be greater than the loss due to evaporation

;

and the liquid will completely fill the tube before the critical point is reached.

3. If the amount of liquid is between these limits, the two phases will

persist up to the critical point, although the meniscus may approach the

bottom or top of the tube. At low temperatures the meniscus is concave ; but,

as the critical temperature is approached, it becomes flatter and less distinct

;

and at the critical temperature it disappears, and its place is taken by a band

of mist which gradually spreads upwards and downwards through the tube.

At a slightly higher temperature the mist disappears. Two determiuations

of the critical temperature of a given substance by this method should not

differ by 0-1°.

"With the pressure-apparatus the volume can be altered, and a still more

accurate determination of the critical temperature may be made. By
suddenly increasing or diminishing the volume to a very small extent, a

temporary minute fall or rise of temperature may be brought about. The

critical temperature is taken to be that at which no meniscus is visible

when the volume is constant, but at which the meniscus just appears for

a moment when the volume is very slightly increased. The difference

between two determinations by this method sliould not exceed 0'05°.

Some observers have stated (1) that the temperature at which the meniscus

disappears when a tube is gradually heated differs from that at which it
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reappears on cooling
; (2) that tlie temperature depends on the position of

the meniscus in the tube at the moment of disappearance—that is to say,

on the mean density of tlie substance
; (3) that the temperature at which

the meniscus disappears is not the same as that at which the densities of

liquid and saturated vapour become equal, or at which the heat of vaporization

vanishes. These statements have not been verified.

The Critical Pressure.

This has in every case been determined by means of the modified Andrews

apparatus. Tlie pressure is read when the meniscus has just disappeared, but

can be made to reappear momentarily by suddenly very slightly increasing

the volume. Strictly speaking, the position of the meniscus before it

disappears should be midway between the upper surface of the mercury and

the top of the tube; but the fluid is so compressible that its volume may be

altered to a moderate extent without altering the pressure more than two or

three millimetres.

21ie Griticdl Volume.

It was thought for a time that the critical volume could be directly

determined by causing the disappearance of the meniscus to take place just

at the top of the tube. It was, however, pointed out by Grouy' that, owing

to the extreme compressibility of a substance at its critical point, the density

of the column of fluid varies very considerably at different levels. The

small hydrostatic pressure of the fluid above a given level is quite sufficient

to cause a considerable compression of tiie fluid below that level. The true

critical density is the density of the fluid at the level where the meniscus has

disappeared. Above that level the density is lower ; below, it is higher.

The mean density is equal to the true critical density when the meniscus

disappears at about the centre of the column.

For this reason the earlier determinations of the critical density^ are

incorrect. The critical densities of the substances already investigated were

afterwards recalculated by the method of Cailletet and Mathias,^ on the

assumption that the diameter is always strictly rectilinear—that is to say, by

means of the formula

St = S(^+ at;

and this method was adopted for the majority of the substances subsequently

investigated.

1 Compt. rend., cxv., p. 720, 1892.

-Phil. Mag., (5) xxxiii., p. 182, 1892.

3 Compt. rend, cii., p. 1202, 1886 ; civ., p. 1.563, 1887.
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Finally it was found that the diameter was in most eases very slightlj'

curved, and the critical densities were recalculated by means of the formula

St =
Sf^ + at + f5i~.

In conclusion, I desire to express my sincere thanks to Dr. J. E. Mills, to

whom I am in many respects deeply indebted.

In the course of his laborious and long-continued investigations on
" molecular attraction,"^ in which, among other things, he discovered and

proved the truth of the important relation that for any given substance

L- JS,

= constant at all temperatures [where L - -fc'i is the internal latent heat of

vaporization, and d and D are the densities of liquid and saturated vapour].

Dr. Mills has made a most careful and complete examination of the data

published in my original papers.

The investigation necessitated the calculation of the heats of vaporization

of the thirty substances at the temperatures given in the tables ; and Dr. Mills

has very kindly furnished me with these values, recalculated where necessary

from the revised data for pressures and volumes of saturated vapour ; and he

has also sent me the recalculated densities of saturated vapour.

I am also indebted to Dr. Mills for the Biot constants for methyl acetate,

propyl formate, ethyl acetate, methyl propionate, and propyl acetate, and for

the recalculated vapour-pressures of these substances.

Lastly, Dr. Mills has discovered a number of misprints, and a few errors

of calculation in the data published in the various papers ; and I am, therefore,

now enabled to make the necessary corrections.

Description or Tables.

In the tables at the end of this paper the following data are given :
—

Table 1.—The constants for Biot's formula for vapour-pressures,

logjo = a + ha* + cj3*.

Table 2.—The constants for the modified formula of Oailletet and

Mathias

St = Sf^ + at + jit^ {+ yt^).

The constant y is only required in the case of the three alcohols, the

molecules of which are associated in the liquid state.

1 journ. Phys. Chera., vi., p. 209, 1902; viii., p. 383, 1904; viii., p. 593, 1904 ; ix., p. 402,

1905 ; X., p. 1, 1906 ; xi., p. 132, 1907 ; -xi., p. 594, 1907 ; xiii., p. 512, 1909 ; Amer. Chera. Soc,

xxxi., p. 1099, 1909.
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In the remaining tables the following data are given for each of the

thirty substances :

—

1. The centigrade temperatures.

2. The observed vapour-pressures, or, for temperatures below the boiling-

point, those read from the curves.

3. Tlie pressures calculated by means of Biot's formula, with the

constants given in Table 1.

4. The differences between tlie calculated and observed pressures.

5. The volumes of a gram of liquid as read from the curves (temperature

—volume).

6. The volumes of a gram of saturated vapour as read from the curves

(temperature—log of volume). For the lower temperature the curves were

reconstructed in the manner already described (p. 377).

7. The heats of vaporization, calculated by Dr. J. E. Mills.

8. The densities of the liquids, calculated from the volumes of a gram.

9. The densities of the saturated vapour, similarly calculated.

10. The mean densities of liquid and saturated vapour, calculated from

the data in columns 8 and 9.

11. The mean densities of liquid and saturated vapour, calculated from

the modified formula of Gailletet and Mathias, with the constants given in

Table 2.

12. The differences between the mean densities in columns 11 and 10,

multiplied by 10'.

13. The ratios of the actual densities of saturated vapour to those

calculated from the observed temperatures and pressures on the assumption

that the vapours behave as perfect gases.

TaBLSiS.
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MODIFIED FOEMULA OF OAILLETET AND MATHIAS.

St = S„ 4a< + pt- (+ yt^).

Name of Substance.
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XXXII.

A SIMPLE FOEM OF OPEN-SCALE ISOTHERMAL AIE,

BAEOMETER.

By W. F. BAEEETT, F.E.S.

[Read February 22. Ordered for Publication May 10. Published May 19, 1910.]

A LONG-NECKED glass flask filled with air and inverted in a wide-mouthed

bottle of water is to be seen in some cottages, where it is used as a weather-

glass. If kept at a uniform temperature, the changes in atmospheric pressure

will, of course, be indicated by the rise and fall of the water in the neck of

the flask. But as this cottagers' weather-glass is ixsually kept on the mantel-

piece, the changes of temperature to which it is exposed vitiate its use as a

simple form of barometer. If, however, the flask could be rendered impervious

to temperature change, it would form an effective and very sensitive

barometer.

It occurred to me some years ago that this isothermal condition might to

some extent be attained by using one of Sir James Dewar's liquid air flasks.

As is well known, in order to preserve air in the liquid state, Sir J. Dewar

devised a glass flask with double walls, the space between being highly

exhausted and the walls coated with a reflecting surface of deposited

mercury or polished silver. Such a flask was fitted with a thick rubber cork,

through which passed a glass quill tube open at both ends, having a liquid

index to record changes of volume. Any degree of sensitiveness can easily

be attained by altering the ratio between the volume of air in the flask and

in the index-tube. In order to protect the latter from sudden temperature

changes, the quill tube is encircled with a larger glass tube, closed at its

upper end, and having a plug of cotton wool encircling the annular space

between the two tubes at the lower end. A scale is now attached, the

graduation of which can be easily made by comparing the rise and fall of the

index with that of an ordinary barometer when both are enclosed in a

receiver and submitted to slight exhaustion by an air-pump. A range of

from 6 to 10 inches to I inch of barometric change was found to be con-

venient. Bending the index-tube at right angles after it leaves the flask, so

that the scale is now horizontal, makes the arrangement more convenient;

and to increase the portability of the instrument, the long index-tube can be

coiled spirally.
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Instead of a short liquid index, another arrangement, whicli was found

convenient in practice, was to pour a little mercury—or other liquid having a

low vapour-pressure, such as creosote—into the Dewar flask, and allow the

lower end of the quill index-tube to dip into the liquid. The displacement

of the air in the flask, caused by pushing in the thick rubber cork, was found

sufficient to raise the level of the liquid to a convenient lieight in the index-

tube.

My former lecture assistant at tlie Royal College of Science for Irelami,

Mr. George Hughes, made up one of these isothermal air barometers for

me more than a year ago, and has had it under observation ever since. He
has found its variations agree extremely well with the ordinary mercurial

barometer. The cost of such an instrument is trifling; and as a sensitive

weather-glass it may be found useful, although it cannot pretend to be an

instrument of precision, or to take the place of tlie ordinary barometer,

until temperature changes are wholly excluded.

P.S.—Since the foregoing paper was read before the Society, my atten-

tion has been called to the fact that the publication of my new weather-

glass has been forestalled by a paper recently published in the Oomptes

Rendus. In this paper, read before the Paris Academy of Sciences on

December 6, 1909, M. Gr. Carpentier describes an isothermal air barometer,

made by the Marquis de Montrichard, which is practically the same as the

one I have here described and have had in use for over twelve months. A
model is depicted, resembling an aneroid barometer, in which the graduated

index- tube is coiled into a spiral form and separated by an opaque glass

division from the small Dewar air reservoir below. It is stated that the

inventor has lately made an ingenious addition to the apparatus whereby an

absolutely uniform temperature may be maintained in the air reservoir.

This consists in placing some ice inside the Dewar flask, or, more conveniently,

the ice may be dropped from outside into a little well or receptacle made in

the side of the air reservoir. No doubt, if the neck of the aperture to the

well be made small and plugged with cotton-wool, the ice will not need renewal

for some days; and if this be so, the apparatus may, for certain purposes,

become a useful laboratory instrument.





THE

SCIENTIFIC PROCEEDINGS
OF THE

ROYAL DUBLIN SOCIETY.

Vol. XII. (I.S.), lo. 33. JULY, 1910.

AGEICULTUKAL SEEDS AND THEIR WEED
IMPURITIES : A SOURCE OF IRELAND'S ALIEN

FLORA.

T. JOHNSON, D.Sc, F.L.S.,
PEOFESSOK OF BOTANY IN THE KOYAL COLLEGE OF SCIENCE, DUBLIN

;

MISS R. HENSMAN. "

(PLATES XXII., XXIII.) MS^fMtauflJ:

\_A uthors alone are responsible for all opinions expressed in their Communicalions

DUBLIN

:

PUBLISHED BY THE ROYAL DUBLIN SOCIETY
LEINSTER HOUSE, DUBLIN.

WILLIAMS AND NORGATE,
14, HENRIETTA STEEET, COVENT GARDEN, LONDON, W.C.

1910.

Price One Shilling

.



Hoijal ©ufalht Society.

FOUNDED, A.D. 1731. INCOllPORATED, 1749.

The Scientific Meetings of the Society are held alternateily at 4.30

p.m. and 8 p.m. on the third Tuesday of every month of the Session

(November to June).

Authors desiring to read Papers before the Society are requested

to forward their Communications to the Registrar of the Eoyal Dublin

Society at least ten days prior to each Meeting, as no Paper can be

set down for reading until examined and approved by the Science

Committee.

The copyright of Papers read becomes the property of the Society,

and such as are considered suitable for the purpose will be printed with

the least possible delay. Authors are requested to hand in their MS. and

necessary Illustrations in a complete form, and ready for transmission to

the Editor.



Barrett—A Form of Open-Scale Isothermal Air Barometer. 445

Instead of a short liquid index, another arrangement, which was found

convenient in practice, was to pour a little mercury—or other liquid having a

low vapour-pressure, such as creosote—into the Dewar flask, and allow the

lower end of the quill index-tube to dip into the liquid. The displacement

of the air in the flask, caused by pushing in the thick rubber cork, was found

sufficient to raise the level of the liquid to a convenient height in the index-

tube.

My former lecture assistant at the Royal College of Science for Ireland,

Ml'. George Hughes, made up one of these isothermal air barometers for

me more than a year ago, and has had it under observation ever since. He
has found its variations agree extremely well with the ordinary mercurial

barometer. The cost of such an instrument is trifling; and as a sensitive

weather-glass it may be found useful, although it cannot pretend to be an

instrument of precision, or to take the place of the ordinary barometer,

until temperature changes are wholly excluded.

P.S.—Since the foregoing paper was read before the Society, my atten-

tion has been called to the fact that the publication of my new weather-

glass has been forestalled by a paper recently published in the Comptes

Rendus. In this paper, read before the Paris Academy of Sciences on

December 6, 1909, M. G. Carpentier describes an isothermal air barometer,

made by the Marquis de Montrichard, which is practically the same as the

one I have here described and have had in use for over twelve months. A
model is depicted, resembling an aneroid barometer, in which the graduated

index-tube is coiled into a spiral form and separated by an opaque glass

division from the small Dewar air reservoir below. It i^ stated that the

inventor has lately made an ingenious addition to the apparatus whereby an

absolutely uniform temperature may be maintained in the air reservoir.

This consists in placing some ice inside the Dewar flask, or, more conveniently,

the ice may be dropped from outside into a little well or receptacle made in

the side of the air reservoir. No doubt, if the neck of the aperture to the

well be made small and plugged with cotton-wool, the ice will not need renewal

for some days; and if this be so, the apparatus may, for certain purposes,

become a useful laboratory instrument.
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Members of the Royal Dublin Society have been for years in a position to

have seeds tested by the Society's Consulting Botanist ; and, in the year

1899, one of us (T. J.) undertook to report on the germinating power of

certain clover and grass seeds for the Congested Districts Board. But it was

not until the year 1900, when the Department of Agriculture and Technical

Instruction for Ireland started the first and still tlie only official Seed-testing

Station in the United Kingdom (charging farmers Sc^. and seedsmen 3s.—now

2s,—for a full report on each sample), that seed-testing on an extensive scale

was carried out in Ireland. We have been in charge of the work (1) of the

Station from the first, beginning with an investigation of the flax-seed

supply. During the period 1900-1909 inclusive, Reports have been made on

the genuineness, purity, and germinating power of 11,000 samples, the

yearly average being now more than 2000. The following Tables (p. 447)

show the average germinating percentage of these samples.

The results obtained by testing seeds of the same species in the well-known

Ziirich Station (2) and by the twenty-one different Grerman Stations (3) are

incorporated for comparison in Table II.

The Tables show apparently that tiie seeds bought and sown by the

farmers in Ireland have in many cases a lower germinating power than those

sown by the farmers abroad. The Department's Station, as stated in the

first annual Report, difliers from all others in that, while giving separate

reports on the purity and germinating percentage of the seed, it submits to

the germination tests, seeds which, though complete in outward appearance,

may be without a kernel, i.e. " chaff." Such seeds are treated as impurities in

other Stations.
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Table I., showing the average percentage of germination of the chief agricul-

tural seeds tested at the Station during the years 1900-1909 inclusive :

—
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This method naturally lowers the germination percentage in, e.g. such

chaffy seeds as meadow foxtail. The Department considers that its

method gives a truer idea of the quality of the seed.

As one of us (T. J.) has ceased to be responsible for the work of the

Seed-testing Station, owing to the increased administrative work necessitated

by the operations of the Weeds and Seeds Act (Ireland), passed in December,

1909, the time appeared opportune to summarize certain results of the

Station's work during the ten years it has been in operation.

It is not much more than a generation ago that seed-buyers in any part of the

world were made to realize the necessity of testing the seeds offered for sale.

To IsTobbe, of Tharandt, in Saxony, tlie credit is mainly due of being the

pioneer of seed-testing. In his book, "Die Samenkuude," amongst other

revelations, is that of a letter from a Hamburg to a Dublin firm, offering, at

a cheap rate, for mixing with clover seed, stones so like true seed as to deceive

the buyer. Fraud of this type is now, let us hope, impossible ; but still it is

often of practical importance to be in a position to say what is the actual

origin of a seed, i.e. tlie region from which it comes. Stebler states, e.g., that

Chili red clover, Utah lucerne, and New Zealand cocksfoot are of little

value ; that cocksfoot of forest growth grows smaller than cocksfoot from

the meadow, and that American meadow fescue falls a victim to rust. Hence

arises the necessity of reliable means of detecting the source of supply of a

seed. Wittmack was the first scientific man to interest himself in this

question, and in 1873 he recognized a red clover as American owing to the

presence in it of seeds oi Ambrosia. In 1875 the Ziirich Station began the

same kind of investigation ; and in 1906, Dr. Stebler, the head of the

Station, gave us at Dresden an illustrated account (4) of the results of its work.

Sometimes tlie appearance of the seed itself—the metallic lustre of its

coat—proclaims its origin. (The lustre of English " cow-grass " (perennial

or red clover) is said to be usually artificial.) In some cases particles of soil

(e.g. black soil from Russia) or other inert matter suffice. Weed-seeds in

the sample are, however, the best guide, though caution is necessary in

drawing conclusions from them.

Stebler calls those weed-seeds, which indicate the origin of the seed, source-

indicators. Other seeds not so reliable, but still helpful, he calls companion-

seeds. He divides the seed-supplying districts of the world into the following

regions :
—

1. South European. (South France, Italy, Spain.)

Coronilla scorpioides, Koch. {Arthrolobium scorpioides, Desv.), and

Ammi majiis, L., in a sample are sure signs of the S. European origin of

the seed.
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West European. (Great Britain, N. France, Netherlands.)

Ahpecurus agrestis, L. [A. myosuroides, Huds.), is a typical weed,

usually found without the glumes, as the naked cari/o^jsis in red clover

and in grasses.

Carum Petroselinum, Benth. et Hook. {Petroselinum segetum

Koch.), occurs in French red clover. Certain of the West European

weeds are winter-green or winter-annuals, but incapable of standing the

severer winters of East Europe. Such are, Stebler states, Alopecurus

agrestis, L., Valerkmella dentata, Poll. ( Valericmella Morisonii, DC),

Geranium molle, L., G. pusillum, L., G. dissecium, L.

North American. (United States and Canada.)

Since the American weeds flower late, and are rarely ripe in

Mid-Europe when the European crops in which they may be growing

are out, the presence of American weed-seeds in a sample is a reliable

sign of the American origin of the seed. Sucli are Panicum capillare,

L., P. dichotomiim, P. virgatum, P. clandestinnm, L., Paspahim ciliati-

foliiim ; Ciiscuta arvensis, Beyr. (in red clover occasionally, and in

lucerne); Plantago aristata. Gray, in red clover and meadow fescue;

Ambrosia artemisiifolia, L., and A. trifida, L. ; Rudbeckia hirta, L., in

Timothy, and many others.

Australian. (Australia and New Zealand.)

Agrostis Forsferi, R. & S., in meadow foxtail, A. avenoides,

Hook, f., and Danthonia semi-annularis, R. Br., are source-indicators.

Stebler makes the interesting observation that native plants of New
Zealand adapt themselves badly to cultivation, and are therefore rarely

found in New Zealand seeds. The alien weeds, however, thrive so

well that New Zealand cocksfoot is rarely distinguishable from Mid-

European. Holciis laiiatus, L., Bronms mollis, L., and Hypochaeris

radicata, L., are frequent in New Zealand seed. The last-named is the

commonest weed in New Zealand.

Asiatic. (Syria, Turkestan.)

Syrian seeds, often of little value, are coming into the market.

Ceiifaurea piicris, Pall., and Cusciita Arabica, Fres., are given as source-

indicators here.

East European. (Austria-Hungary, Russia.)

East European seeds are difficult, Stebler states, to distinguish from

. Mid-European, as the two regions merge into one another. Fui'ther,

East European weeds, such as Silene dichotoma, Ehrh., acclimatize

themselves in W. Europe more easily than do those of any other
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region. All the weeds found in a sample are needed as determinants

for an East European sample. Such are :

—

Silene dichotoma, Ehrh.

Saponaria vaccaria, L. {Vaccaria segetalis, Q-arke.), Glaucium coniicii-

latum, Crtz., Berteroa incana, DC, Erysimum orientale, E.. Br., Hibiscus

Trionum, L., Anthemis austriaca, Jacq., Carduus ucanthoides, L.

7. South American. (Chili, Argentine Republic.)

Ceratochloa austmlis, Sprge., is an endemic weed here. 3Iediccigo

denticulata, Willd., M. '.naculafa, Sibth. (ilf. arabica, Huds.), Melilotus

parviflora, Desf., Ammi visnaga, Lam., and Cuscuta racemosa. Mart.,

are also all guides. C. racemosa ("Chili dodder"), indigenous in

S. America, now occurs as a weed in southern France, and is spreading

in other countries.

Dr. Stabler urges on each Station the duty of collecting information as

to the seeds of the indigenous weeds found in the agricultural seeds

produced in its district, and placed on the market for sale. Thus, for

Ireland, information is needed on the indicator-weeds in Perennial Rye and

crested dogstail. As these two grass-seeds command a good price, sure

indicators of their genuineness would be of a distinct advantage to both

producer and buyer. All the ten weeds we record in crested dogstail are

common throughout Ireland. It has been our duty from time to time to

report that certain samples contained weed-seeds which indicated that the

samples were not genuine. Red clover, e.g., with American weeds in it, has

been put on the market as English. Thanks to the publication of Stebler's

paper, it will be possible to develop this necessary detective work.

Fortunately, Dr. Stebler let us have for the Station " eine reclit schone

Sammlung " (as he called it) of both indicator-weeds and their seeds,

and these have been of the greatest help in the work described in this

paper.

In books on systematic botany, as in the standard works on the Irish

flora, attention is always called to the standing of a species recorded.

Thus, it is described as either indigenous or introduced by man. The flora

of Ireland is essentially a derived, selective one, being mainly British in

origin.

The term " alien " is useful as applied to a species known to have been

introduced within historic times, or clearly of foreign origin, though now it

may be self-sowing, and quite as much at home as a na,tive species.

The terms " alien " and " casual " are more or less synonymous. It

would tend to clearness if " casual " stood for an alien not yet known to be

capable of self-sowing.

Colgan states, in his " Flora of County Dublin," that of the 750 species
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he records 164 have been introduced into the county by human agency

more or less directly.

The list published by Miss M. 0. Knowles in the Irish Naturalist for

1906 (vol. XV., pp. 143-150), under the title " A Contribution towards an

Alien Flora of Ireland," is, so far, the best account we have of "casuals"

in the Irish flora.

Up to the present one finds occasional reference only to the agricultural

seed sown as the cause of the presence of an alien in the crop. The object of

this paper is to show from what particular agricultural seed and region the

alien weed comes, and also to indicate how the alien flora of Ireland is being

added to from the agricultural seeds sown. The lists include the names of

the weed-seeds found in the more important agricultural seeds tested by

the Station. Certain weed-seeds remain uuidentifled. It will be necessary

for identification to examine the plants in flower, got by sowing these

Perennial Eye.*

Serrafalcus Jiordeaceus, Grren. &
Godr., ....
{Bromiis mollis, L.).

A Setaria glaiica, Beauv.,

Holcus lanatus, L., .

Festuca hromoides, L.,

„ sciuroides, Roth.

A° Tradescantia virginiana, L.,

Luzula campestris, DC,
Rumex crispus, L., .

Soft Brome Grrass.

Pigeon Grrass ; Yellow Foxtail.

Yorkshire Fog.

Squirrel-tail Fescue.

Spiderwort. (N. A.)

Field Wood-rush.

Curled Dock.

(E. E.)

*AliBUETIATIONS.

A = Casual or alien, already recorded in the " Hand-List of Irish Flowering Plants and Fems,"
hy Miss Knowles and myself.

A°= Seed of casual found in sample, hut not yet in the flora of Ireland,

t +* Mean "possihly," " prohahly," " certainly," introduced, as applied to species recorded in the

Hand-List.

The following letters in brackets after a name refer to Stebler's regions in which the species

are indigenous, andirom which the seeds originally came :

—

(I.) = Found in all or nearly all parts of (S. & M. E.) = South and Mid-Europe.

Ireland, (N. A.) - North America.

(E.) = Europe. (S. A.) = South America.

(E. E.) = East Europe. (N. Afr.) = North Africa.

(W. E.) = West Europe. (M. Asia) = Mid-Asia— (now in cultiyation

(M. E.) = Mid-Europe. in Germany).

(S. E.) = South Europe. (N. Z.) = New Zealand.

(E. & M. E.) = Europe and Mid-Europe. Eurasia = Europe and Asia.
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Rumex acetosa, L.,

Polygonum lapathifolmm, L.,

Chenopodium album, L.,

\. Silene eonica, L., .

ManuDCuliis bulbosus, L.,

Lepidium campestre, Br.,

Trifolium filiforme, L.,

Geranium molle, L.,

„ dissedum, L.,

' Carum carvi, L., .

Myosotls, Sp.,

Prunella vulgaris, L., .

^° Plantago patagonica,

(P. ari&tata, Michx.)

Sherardia arvensis, L. .

Chrysanthemum leucanthemum, L.,

* Crepis biennis, L.,

„ capillaris, Wallr.,

(C. vireiis, L.).

t „ TaraxacifoUa, ThuilL,

Sonchus asper, Hill., .

Common Sorrel.

Glandular Persicaria. (E. E.)

White Goose-foot. (E. E.)

Catchfly. (W. E.)

Bulbous Crowfoot.

Common Pepperwort. (E. E.)

Slender Yellow Trefoil.

Dove's-foot Crane's-bill. (W. E.)

Jagged -leaved Crane's-bill. (W. E.)

Caraway.

Scorpion Grass.

Self-heal.

Plantain. (N. A.)

Field Madder. (W. E.)

Ox-eye Daisy.

Eough Hawk's Beard. (W. E.)

Smooth Hawk's Beard.

Dandelion Hawk's Beard. (W. E.)

Rough Sowthistle.

Italian Eye.

Holcus lanatus, L.,

Bromus mollis, L.,

Rumex acetosa, L.,

Spergtila arvensis, L., .

Ranunculus bulbosus, L.,

Potentilla, Sp.,

Geranium dissectum, L.,

Lithospermum arvense, L.,

Myosotis, Sp.,

Plantago lanceolata, L.,

A Galium tricorne, Stokes.,

Sherardia arvensis, L., .

Chrysanthemum leucanthemum

Lapsana communis, L.,

.

Sonchus asper, Hill.,

Hypochaeris radicata, L.,

Yorkshire Fog.

Soft Brome.

Common Sorrel.

Corn Spurry.

Bulbous Crowfoot.

Cinquefoil.

Jagged-leaved Crane's-bill. (W. E.)

Field Gromwell.

Scorpion Grass.

Plantain.

Bedstraw. (E. E.)

Field Madder.

Ox-eye Daisy.

Nipplewort.

Rough Sowthistle.

Cat's-ear. (N. Z.)
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A LoKum remotum, Sehrank., .

{L, linicola, Sender. ; L. ar

Polygonum persicaria, L.,

„ aviculare, L.,

Spergula arvensis, L.,

A Camelina satim, Crtz.,

t Thlaspi arvense, L.,

Pisum, Sp., .

Oaleopsis tetrahit, L.,

Galium tricorne, .

* Centaurea cyanus, Stokes,

Flax.

. Field Eye Grass. (E. E.)

)

. Spotted Persicaria.

. Knot-Grrass.

. Spurry.

. Gold of Pleasure. (E. E.)

. Penny Cress. (E. E.)

. Pea.

. Common Hemp-Nettle.

. Bedstraw.

. Corn Blue-bottle.

Camelina sativa, Crantz,, is of interest. Flax-growers esteem very highly

the flax-seed called " Eiga Child," i.e. seed obtained from a crop grown in

Belgium, from seed derived from a crop grown in Eussia. Camelina sativa

grows as a weed in the flax crop in Russia ; but is not a weed of Belgium.

Unscrupulous dealers are said to place ordinary Belgium flax-seed on the

market as genuine " Eiga Child " by adding seeds of C. sativa to the flax-

seed. The farmer sees the C. sativa seed in the sample, and to that extent

feels assured he is getting " Eiga Child."

Timothy.

A Panicum capillare. L., .

A° Setaria verticillata, Beauv.,

Bumex crispus, L.,

„ acetosella, L.,

Chenqpodium album, L.,

Atriplex 2)atula, L.,

(A. erecta, Huds.)

Stellaria media, VilL, .

Alyssum alyssoides, L.

Camelina sativa, Crantz.,

(C. fnicrocarpa, Wier.)

Potentilla, Sp.,

Viola tricolor, L.,

Oenothera biennis, Li

Anagallis arvensis, L., .

Myosotis, Sp.,

Verbena officinalis, L., .

SOIENT. PKOO. B.D.S., VOL. XII.,

Old Witch Grass. (N. A.)

Foxtail Grass.

Curled Dock.

Sheep's Sorrel.

White Goose-foot. (E. E.)

Halbert-leaved Oraohe. (M. E.)

Chickweed.

(E. E.)

CinquefoiL

Wild Pansy.

Evening Primrose.

Scarlet Pimpernel.

Scorpion Grass.

Vervain.
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Prunella vulgaris, L., .

Plantago major, L.,

„ lanceolata, L.,

Anthemis cotula L.,

A „ arvensis, L., .

Chrysanthemum leucanthemtim, L.

Lapsana communis, L., .

A° Rudbeckia hirta, L.,

(Claviceps purpurea, L.,

Self-heal.

Way-bread.

Eibwort Plantain.

Stinking Chamomile. (N. A.)

Corn Chamomile. (S. E.)

Ox-eye Daisy.

Nipplewort. (W. E.)

Coneflower. (N. A.)

Ergot is an injurious fungus, found

in rye and other Gixamineae.)

Eed Clover.

A Setaria glauea, Beauv.,

A° „ italica, Beauv.,

{S. germanica, Beauv.).

A ,. nridis, Beauv.,

Cynodon dactylon, Pers.,

A° Digitaria ciliaris, Pers.

Polygonum persicaria, L.,

„ minus, Huds.,

„ aviculare, L.,

t Lychnis alba. Mill.,
,

{L. vespertina, Sibth.)

A° Ranunculus trilobus, (Desf.).

A° Nigelh arvensis, L.

* Papaver somniferum, L.,

t Lepidium campestre, Br.,

A Camelina saliva, Crantz.,

A° Berteroa incana, DC.

Vicia septum, L., .

A° Oalega officinalis, L.

Torilis nodosa, Q-aertn.,

A° Ammi visnaga. Lam.

Anagallis arvensis. L., .

Cuseida, . . . .

Verbena officinalis, L., .

Prunella vulgaris, L., .

Pigeon Gfxass ; "Yellow Foxtail.

(E. E.)

Golden Wonder Millet.

Bottle Grass ; Green Foxtail.

(E. E.)

Dog's Tooth Grass. (S. E.)

Goose-foot.

Spotted Persicaria.

Narrow-leaved Persicaria.

Knot-grass.

White Campion.

Opium Poppy.

Common Pepperwort. (E. E.)

False Flax. (E. E.)

Bush Vetch.

Scarlet Pimpernel.

English Dodder ; Chilian Dodder.

Vervain.

Self-heal.
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Ballota nigra, L.

A Stachys annua, L.,

A" Ajuga chamaepitys, Scherb., .

Plantago lanceolata, L.,

Valeriana dentata, Poll.,

* Cichorium infybiis, L.,.

t Anthemis cotula. L.,

Carduus lanceolatus, L.,

{Cnieus lanceolatus. Wild

;

„ arvensis, Robson., .

{On. arvensis, Hoffm. ; Cir

t Hehninthia ech'ioides, Gaertn.,

[Picris ech'ioides, L.)

Matricaria inodora, L., .

(Pyrethriim inodorum, L.)

Crepis capillaris, Wall.,

(C. virens, L.).

. Woundwort.

. Ground Pine. (W. E.)

. Plantain.

. Valerian.

. Chicory.

. Stinking Chamomile. (N. A.)

. Spear Thistle.

Cirsium lanceolatum.) (M. E.)

. Creeping Thistle.

. arvense.)

. Bristly Ox-tongue. (S. E.)

. Scentless Feverfew.

. Smooth Hawk's-beard. (N. Z.)

White Clover.

Rumex acetosella, L.,

Spergula arvensis, L., .

Silene dichotonia, Ehrh.

Silene noctiflora, L.,

Cerastium vulgatum, L.,

(C. triviale, Link.)

Alyssum alyssoides, L.

(A. ealycinum, L.)

Barbarea vulgaris, Br.,

Geranium molle, L.,

Viola tricolor, L.,

Torilis nodosa, Gaertn.,

[Caucalis nodosa, Scop.)

Cuscuta, Sp.,

Myosotis, Sp.,

Prunella vulgaris, L., .

8herardia arvensis, L., .

Valeriana dentata. Poll.,

(
V. Morisonii, M. & K.]

Anthemis arvensis, L., .

Sheep's Sorrel.

Corn Spurry.

Night-flowering Catch-fly.

Common Mouse-ear.

Bitter Winter Cress.

Dove's-foot Geranium. (W. E.)

Pansy.

Knotted Hedge-Parsley. (S. E.)

Dodder.

Scorpion Grass.

Self-heal.

Field Madder. (W. E.)

Narrow-leaved Corn Salad.

Corn Chamomile. (S. E.)

3b2
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. Yellow Chamomile.

. Corn Sowthistle.

A° Anthemis tindoria, L.,

A° „ austriaca, Jacq

Sonchus arvensis, L.,

h." Panicum dichotomum, L..

Hokus lanatus, L.,

Serrafakus hordeaceus,

Godr.),

(Bromus mollis, L.)

Bromus sterilis, L.,

Runiex ohtusifolius, L., .

„ acetosa L., .

A° Omithopus satimis, Bret.

(0. perpiisillus, L.)

* Oarum earvi, L., .

Sherardia arvensis, L., .

Lapsana communis, L., .

Picris spintilosa, Bertol.

(P. stricta, Jord.)

Crepis mrens, L., .

A° „ biennis, L.,

Sonchus arvensis, L.,

Cocksfoot.

. Forked Panieum. (N. A.)

Yorkshire Fog.

Gren. &
. Soft Brome Grass.

. Barren Brome Grass.

. Broad-leaved Dock.

. Common Sorrel.

Bird's-foot.

. Caraway.

. Field Madder. (W. E.)

. Nipplewort. (W. E.)

(S. E.)

Smooth Hawk's-beard.

Eough Hawk's-beard. (W. E.)

Corn Sowthistle.

Crested Dogstail,

{Cynosurus cristatus L.)

Rumex .acetosella, L., .

Cerastium vulgatiim, L.,

(0. triviale. Link.)

Spergula arvensis, L., .

Ranunculus hulbosus, L.,

Bellis perennis, L., . .

Matricaria inodora, L., .

{Pyrethrum inodorum.)

Chrysanthemum leucanthemum, L.,

Hypochaeris radicata, L.,

Leontodon autumnalis, L.,

Sonchus asper. Hill,

Sheep's Sorrel.

Mouse-ear Chickweed.

Spurry.

Bulbous Crowfoot.

Daisy.

Scentless Feverfew.

Ox-eye Daisy.

Cat's-ear. (N. Z.)

Autumnal Hawk's-bit.

Eough Sowthistle.

All these weeds grow throughout Ireland and, to that extent, indicate the

Irish origin of the crested dogstail tested.
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Haed Fescue.

{Fesiiica duriuscula.)

Holcus lanatus, L.,

Serrafalcus Jiordeaceus, Or.

Godr., . . . .

{Bromiis mollis, L.)

Rumex acetosella, L.,

Ornithopus satwus, Brot.,

(0. perpusilhis, L.)

Plantago lanceolata, L. .

Anthemis arvensis, L., .

Lapsana communis, L., .

Hypochaeris radicata, L.,

Yorkshire Fog.

Soft Brome Grass.

Sheep's Sorrel.

Bird's Foot.

Ribwort Plantain.

Corn Chamomile.

Nipplewort. (W. E.)

Cat's-ear. N. Z.

Tall Fescue [Festuca Elatior, L. ; F. Arundinacea, Shreb.).

irilis, L., . . . Barren Brome Grass.

Myosotis, Sp., .... Scorpion Grass.

Prunella vulgaris, L., . . . Self-heal.

Chrysanthemum leucanthemum, L., Ox-eye Daisy.

Lapsana communis, L., . . Nipplewort. W. E.

Crepis biennis, L., . . . Rough Hawk's-bit. W. E.

Hypochaeris radicata, L., . . Cat's-ear. (N. Z.)

Sonchus asper. Hill, . . . Rough Sowthistle.

Sainfoin {Onohrychis sativa) ; 0. vieiaefolia. Scop. (S. & M. E.)

Poterium sanguisorba, L., . . Burnet. (W. E.)

(= Sanguisorba minor, Scop.)

In one or two cases half of the sample of Sainfoin, a valuable fodder-plant

for a light limy soil, was Burnet, of little fodder value.

Meadow Fescue {Festuca pratensis, Huds.).

A. Alopecurus myosuroides, Huds., . Foxtail Grass. (W. E.)

[A. agrestis, L.)

The difference in the quality of the feeding-stuSs on sale for poultry is

striking. One kind consists of the screenings from foreign wheat and other

cereals. We have examined a number of these, and find in them nearly 120

different kinds of seed. Of these about one-third only are the seeds of weeds

indigenous in Ireland, and of the rest 32 are included in the Hand-List (5)
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as "casuals," already found growing in Ireland. The list we give suggests

the source and nature of possible additions, in the near future, to the casuals

on record.

Poultry Foods and Screenings.

A Panicum miliaceum, L. (Eurasia.)

A° „ „ var. album.

A° „ „ cinereum.

A° „ „ sanguineum.

A „ capillare, L. (N. A.)

A Setaria viridis, Beauv. (E. & M. E.)

A „ glauca, Beauv. (E. E.)

A° „ verticiUata, Beauv. (S. E.)

A° „ [germaiiica, Beauv.), italica, Beauv.

Phalaris arundinacea, L. (I.)

A „ canariensis, L. (S. E. & N. Afr.)

A Avena strigosa, Schreb.

* Serrafalcus secalintis, Bab. [Bromus secalinm, L.)

Lolium temulentum, L. (I.)

A „ remotum, Schrank. (E. E.)

A° Sorghmn halepense, Pers. (S. E.)

A° Stipa, Sp.

Rumex obtusifolius, L. (I.)

„ crispus, L. (I.)

„ acetosella, L. (I.)

Polygonum lapathifolium, Ij. (E. E.)

„ persicaria, L. (I.)

„ hydropiper, L. (I.)

„ cwiculare, L. (I.)

„ convolvulus, L. (I.)

,, dumetorum, L.

A Fagopyrum sagittatum, Gilib. [F. esculentum, Moeneh.)

Chenopodium album, L. (E. E.)

A „ ambrosioides, L. (Trop. and N. A.)

Atriplex patula, L. (M. E.)

A" Amaranthus blitum, J). (Trop. and tenap. regions.)

A° ,, sanguineus, L. (N. A.) . .

Stellaria media, Vill. (I.)

X Silene iioctiflora, L.

A° „ gallica, L. (W. E.)
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A° Silene inflata, Sm. (S. E.)

A „ dichotoma, Ehrh. (E. E.)

+ Lychnis githago, Scop. {Agrostemma githago, L.)

A Saponaria vaccaria, L. (E. E.)

A° {Ranunculus Philonotis, Ehrh.) Ranunculus Sardous, Crtz.

(E. & N. Afr., Asia Minor.)

* Papaver somniferum, L.

Corydalis, Sp.

t Lepidiuni camjyesfre, B. (E. B.)

A ,, sativum, L.

A „ virginicum, L. (N. A.)

t Thlaspi arvense, L. (E. E.)

Sisymhrium officinale, Soop. (I.)

A° ,, austriaca, Jacq. (M. E.)

Brassica, Sp.

Barbarea vulgaris, Br. (I.)

A Camelina sativa, Crtz. (E. E.)

A Neslia paniculata, Desv. (Eurasia.)

* Erysimum cheiranthoides, L. (N. A.)

A „ orientals, Hill. (E. E.)

A Alyssiim alyssoides, L. {A. calycinum, L.) (S. & M. E.)

t Reseda lutea, L.

A° Trigonella foenum-graecuni, L. (S. B.)

Medicago lupulina, L. (I.)

A „ denticulata, Willd. (S. A.)

A Melilotus parviflora, Desf. (S. A.)

A Cicer arietinum, L. (S. B.)

Lathyrus, Sp.

A Linum usitatissimum, L.

Euphorbia helioscopia, L. (I.)

„ peplus, L. (I.)

A ,, cyparissias, L. (Europe.)

A° „ platyphyllos, L. (Eurasia and N. Afr.)

Malva sylvestris, L. (I.)

A „ verticillata, L. (Eurasia and N. Afr.)

„ vulgaris, Fr.

A Coriandrum sativum, L. (S. E.)

* Cariim carvi, L,

A° Pimpinella anisum, L. (B. E.)

A° Caucalis daucoides, L. (E. E.)

Convolvulus arvensis, L. (I.)
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A° CoHomia grandiftora, Dougl. (N. A.)

A Echinospermmn lappula, Lehm. (B. E.)

Liihospermum arvense, L.

A" „ tenuiflorum, L.

* Nepeta cataria, L.

Oaleopsis tetrahit, L. (I.)

A CUnopoduim vulgare, L. {Calamintha cUnopodium, Benth.)

(Temp. Eurasia.)

A° Stachys officinalis, Trev. {Betonica officinalis, L.) (Temp.

Eurasia).

A° Sideritis montana, L. (E. E.)

A Leonurus cardiaca, L. (Eurasia).

Verbascum tliapsus, L. (I.)

Veronica arvensis, L. (I.)

Odontites rubra, Gilib. [Bartsia odontites, Huds.) (I.)

Plantago major, L. (I.)

„ lanceolata, L. (I.)

A Galium tricorne, Stokes. (E. E.)

A° Bipsacus ftillonum, L. (E. E.)

Knaiitia arvensis, Coult. (I.)

A Ambrosia trifida, L. (N. A.)

A Madia sativa, Molina. (N. A.)

+ Anthemis cotula, L. (N. A.)

Chrysanthemum segetum, L. (I.)

A" „ coronarium, L. (Asia ; in Syrian Vetch.)

Carduus lanceolafus, L. (Cirsium lanceolatum, Hill.) (M. E.)

„ arvensis, Kobson. {Gir, arvense. Scop.)

* Centaurea cyamis, L.

A „ melitensis, L. (S. & E. E.)

„ scabiosa, L.

* Cichoritim intybus, L.

Lapsana communis, L. (W. E.)

Leontodon autumnalis. (I.)

A Lactuca scariola, L. (Temp. Eurasia & N. Afr.)

Sonchus oleraceiis, L. (I.)

„ asper, Hill. (I.)

A° Carthamus tinctorius, L. (East.)

A" Helianthus annuiis, L. (N. A.)

A° Im xanthifolia, Nutt. (N. A.)

A° Onopordon acanthium, L. (Temp. Eurasia.)

A° Guizotia abyssinica, Oass. (Tropical Africa.)



Johnson and Hensman—Agricultural Seeds
^
^c. 461

List of Casuals found growing in Ireland, as recorded iu the Hand-

List or previously, and now known to have been introduced in

agricultural seed imported from the regions indicated :

—

Panicum miliaceum. (Eurasia).

„ capillare, L. (N. A.)

„ crus-galli, L. (Temp. Old and New World.)

Setaria viridis, Beauv. (E. and M. E.)

„ glaiica, Beauv. (E. E.)

Phalaris canariensis, L. (S. E. and N. Afr.)

„ paradoxa, L. (Asiatic.)

Anthoxanthum aristatum, Boiss. (A. Puellii, Lecocq, and Lamotte.)

(N. & M. G.)

Alopecurus myomroides, Huds. {A. agrestis, L.) (W. E.)

Polypogon monspeliensis, Desf. (S. E.)

Avena faiua, L. (S. E.)

„ strigosa, Scbreb. (M. E.)

„ pratensis, L. (M. E.)

Eragrodis major. Host. (S. E. and the East.)

Cyonosurus echinatus, L. (S. and W. E.)

Sclerochloa rupestris, Eendle & Britten (Festuca jjrocumhens, Kunth.).

or Glyceria procumbens, Dum.) (E. and Mesopotamia).

Bromus tectortim, L. (E., N. Asia, and the East).

„ unioloides, H. B. and K. (N. A,, Calif.)

Serrafalms arvensis, Godr. [Bromus arvensis, L.) (E. and Temp. Asia).

LoHum remotum, Sehrank. {L. Hnicola, Sender.) (E. E.)

Hordeum europaeum, All. (H. sylvaticum Huds. = Elymua europaeus,

L.) (E. and Eeg. Cauc.)

„ jtibulatum, L. (N. and S. A.)

Elymus canadensis, L. (North America.)

Fagopyrum sagiifatum, Gilib. (F. escukntum, Monch.) (M.-Asia.)

Chenopodium amhrosoides, L. (Trop. and N. A.)

Aviaranthus retroflexits, L. (N. A.)

Sikne dichotoma, Ehrh. (E. E.)

Saponaria vaccaria, L. (E. E.)

Olaucium corniculatum, Curt. (E. E.)

Lepidium mrginicum, L. (N. A.)

Eruca sativa. Mill. (S. E.)

Camelina sativa, Crantz, (E. E.)
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NesUa paniculata, Desv. (Eurasia.)

Alyssum ahjssoides, L. {A. calycinum L.) (S. and M. E.)

Potentilla nonegica, L. (N. A.)

Medicago denticulata, Willd. (S. A.)

Melilotus parmflora, Desf. (S. A.)

Cicer arietinum, L. (S. E.)

Linutn usitatissimum, L. (E. E.)

Euphorbia cyparissias, L. (Europe).

iffafoa verticillata, L. (Eurasia and N. Afr.)

Coriandrum sativum, L. (S. E.)

Cuscuta epilinimi, DO. (E. E.)

Echinospennimi lappula, Lehm. (E. E.)

Leonurus cardiaca, L. (Eurasia.)

Salvia officinalis, L. (Temp. Eurasia.)

Clinopodium vulgare, L. {Gal Clinopodium, Benth.) (Temp.

Eurasia.)

Galium tricorne, Stokes. (E. E.)

Ambrosia artemisiifolia, L. (N. A.)

, trifida, L. (N. A.)

Madia glomerata. Hook. (N. A.)

Centaurea solstitialis, L. (S. E.)

„ calcitrapa, L. (Asia).

„ melitensis, L. (S. E.)

Crepis setosa, Hall f. (S. E.)

Lactiica serriola, L. (i. Scariola, L.) (Temp. Eurasia and N. Afr,)

Eeferences.
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2. Steblbr, J. Q-. :
32^'' Jahresb. d. Schweiz. Samenuntersuchungs- und

Versuchsanstalt in Zurich, 1910.

3. MuTH : Jahresb. d. Vereinigung f. angewandt. Botanik, 5^=^^ Jahrg.

1907.

4. Stebler, J. G. : Die Herkunftsbestimmung der Saaten. Jahresb. d.

Vereinigung f. angewandt. Botanik, 1907. 4'='^ Jahrg. 1906,

5. Johnson, T,, and Miss M. C. Knowles : Hand List of Irish Flowering

Plants and Ferns. National Museum of Science and Art, Dublin,
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PLATE XXII.

1. Lolium remotum, Schrank. x 4.

2. „ temulentum, L. x 4.

3. Sorghum halepense, Pers. x 4.

4. Panicwn capillare, L. x 6.

5. Viyitaria ciliaris, Pers. x 6.

6. Lychnis alba, Mill, x 6.

7. Berteroa incana, DC. x 8.

8. Silene dichotoma, Ehr. x 8.

9. Delphinium consolidum, L. x 6.

10. Sajwnaria Vaccaria, L. x 4.

11. Trigonella foenum-graecnm, L. x 4.

12. Canielina sativa, Cratz. x 6.

13. Erysimum clidranthoides, L. x 8.

14. Plantago aristata, Miclix. x 6.

15. Erysimum orientals, Mill, x 6.

16. Ornithopus sativus, Brot. x 4.

17. Onobrychis sativa, Scop, x 2.

18. Melilotus parviflorus, Desf. x 6.

19. Trifolium filiforme, L. x 8.

20. Galega officinalis, L. x 4.

21. Cic«7' arietinum., L. x 2.

22. Oenothera biennis, L. x 6.

23. Ammi visnaga, Lam. x 6.

24. Pimpinella anisum, L. x 4.

25. Collomia grandiflora, Dougl. x 4.



SCI. PROC.R. DUEL. S OCRS.,VOL. XH. PLATE XXET.

Garratt er AtTcmson





EXPLANATION OF PLATE XXIII.



PLATE XXIII.

26. Ctiscuta ewropaea, L. x 8.

27. Cuscuta racemosa, Mart, x 6.

28. Echinospermuni Lappula, Lehm. x 6.

29. Qaleopsis Tetrahit, L. x 4.

30. Leonunis cardiaca, L, x 6.

31. Ballota nigra, Jj. x 6.

32. Lithospermum arvense, L. x 4.
.

88. Prunella vulgaris, L. x 6.

84. Betonica officinalis, L. x 6.

85. Ajuga Chamaepitys , Sclireb. x 6.

36. Sideritis montana, L. x 8.

37. Ambrosia trifida, L. x 2.

38. Anthemis austriaca, Jaeq. x 6.

39. Chrysanthemum coronarium, L. x 4.

40. Centaurea Cyanus, L. x 4.

41. „ melitensis, L. x 4.

42. ,, scabiosa, L. x 4.

43. Picris striata, Jord. x 6.

44. Helminthia echioides, Gaerth. x 6.

45. Lactuca scariola, L. x 4.

46. Leontodon autumnalis, L. x 4.
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XXXIV.

CRYOSCOPIO DETERMINATION OF THE OSMOTIC PRESSURES
OF SOME PLANT ORGANS.

By W. R. GELSTON ATKINS, M.A.,

Demonstrator in Botany, Trinity College, Dublin.

[communicated by professor H. H. DIXON, SC.D., F.R.S.]

[Read April 26; Ordered for Publication May 10; Published June 30, 1910.]

In every living cell movements and reactions are progressing which involve

an expenditure or transformation of energy. Accordingly the amount of

energy which is available sets a limit to all the phenomena of life. This

total energy is the osmotic pressure exerted by all the dissolved substances

present together with the chemical energy of these bodies, as measured by

the liberation of energy by their complete oxidation.

It is well known that a cell placed in a chemically harmless solution will

not continue to live normally in it unless this solution has an osmotic pressure

approximately the same as that of the cell. If the solution is hypertonic, the

cell decreases in size through diffusion of water outwards, and may thus, if the

hypertonicity is not too great, arrive again at a state of equilibrium by raising

the concentration of its vacuole solutes. If the medium in which the cell is

placed is markedly hypotonic, the cell takes up water, its vacuoles increase in

size, and the cell ultimately bursts, unless, as in most plant-cells, there is a

wall which imposes a limit upon this distention. As the earliest organisms

were water-dwellers, this question of the adjustment to varying osmotic

pressure has had to be faced by every living creature. Moreover, it still lias

to be faced; for those animals which now live on land are water-dwellers

when considered cell by cell. In the ease of plants this problem has been

solved for a hypotonic solution by the production of a limiting membrane

;

for hypertonic solutions the answer has not been fully given, adjustment by

the contraction of the whole distended cell, wall and all, being possible over

a limited range only, after which plasmolysis ensues. Besides this regula-

tion there may be a physiological regulation by the production of soluble

substances from reserve materials to restore osmotic equilibrium.

From these considerations it may be seen how important a part in the

life of a cell is played by the osmotic pressure.

This paper forms one of a series in which by systematic measurements an
SOIENT. PKOO. E.D.S., VOL. XII., NO. XXXIV. 3 T
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attempt is made to find the relation between the osmotic pressure in plants

and their general metabolism. The leaves and other organs yielding only

small quantities of liquid have been in part examined by a thermo-electric

method;' while the present paper deals with fleshy organs which readily

give a plentiful supply of juice. These were treated by means of Raoult's

apparatus with a Beckmanu thermometer, about 12 c.c. of juice being used

in each determination.

The zero of the latter was redetermined at close intervals. To avoid

freezing out of ice and consequent concentration of the juice, all the precau-

tions described in a former paper were adopted.^

When the series was almost completed, a copy of Professor Cavara's paper^

was received through the kindness of the author. Cavara examined thirty-two

natural orders, determining the depression of freezing-point of their sap, and

pointed out how the osmotic pressure could be calculated. His determina-

tions were mainly on massive leaves and stems; but some fruits were examined,

the changes in pressure on ripening being traced in detail. A few other

plant-organs were tested, including two rhizomes. He found an approximate

constancy in the similar organs of the same species ; and this is quite in

accordance with the results of the present paper. Between different species

in the same order there was often a considerable difference in pressure.

Many xeropliytes and succulents are included in the list, as well as a number

of salt-marsh plants which were shown to have remarkable powers of adapta-

tion to the increasing salinity of the lagoon-water during the summer months.

With regard to fruits Cavara's results show that, while in some cases the

osmotic pressure increases slowly at first, and then very rapidly as maturity is

reached, in others the very opposite occurs, there being a marked fall in

pressure at maturity.

The results recorded in this paper add a number of fruits and underground

organs to the list of those already examined, and at the same time confirm

Cavara's more exhaustive study on the fruits of Vitis vinifera and Citrus

Limoniim.

In the table of results given below, the values of the depression of freez-

ing-point are given under A. From the equation P = 12'03 A the osmotic

pressure in atmospheres, at 0° C. has been calculated and recorded. As a

1 " On Osmotic Pressure in Plants ; and on a Ttermo-electric Method of determining Freezing-

Points," H. H. Dixon and W. E. G. Atkins, Proo. Eoy. Dublin Soc, vol. xii., N.S., Feb.,

1910, p. 275.

2 " Osmotic Pressure of Blood and Eggs of Birds," W". R. G. Atkins, Proo. Boy. Dublin Soc,

vol. xii., N.S.. May, 1909, p. 123.

^"Eisultati di una serie di ricerche crioscopiche sui vegetali," F. Cavara. Coritr. Biol., veg.,

vol, iv.



Atkins— Osmotic Pressures of some Plant Organs. 465

rough idea of the chemical substances present in predominating proportions

may be got from a knowledge of the mean molecular weight of the sap

solutes, this value has in many cases been determined. To accomplish this

it is necessary to evaporate a weighed amount of filtered sap in a steam-oven

till a constant weight is obtained. The quantity used should not be above

three grams, or great difiiculty will be experienced in completely drying the

syrupy liquid. The calculation is made from the formula:

—

M = r ^ "T'

where M denotes the molecular weight to be determined, I the weight of the

solvent, viz. the weight of the sap minus the weight of the solids, s ; A

denotes the depression of freezing-point ; and k is the constant for the

molecular lowering of freezing-point of the solvent, water in this case.

Discussion of Results.

On taking a general survey of the pressures recorded, it is seen that they

range from 5-94 atm. for a specimen of the fruit of Lycopevsicum esculentum

to 29-53 atm. for the fruit of Pyrus communis. In most instances a number

of results are recorded for various samples of the same organ, as it was

uncertain what degree of constancy of osmotic pressure was to be expected.

The value 9-26 atm. for Ruhus Idceus is the mean of the pressures of

many ripe berries. Cucumis Melo, a fruit ripe for eating being used, gave a

slightly higher pressure, 9'86 atm.

Pntnus communis, mature and very sweet fruits ranged from 28-27 to

29-53 atm. The large amount of sugars probably accounts for the high

pressure. Two or three greengages were pressed to afford the juice in each

case. This gives reason to believe that fruits of the same species in the same

condition of ripeness have roughly the same osmotic pressure.

Citrus Limonum (fruit) gives larger variations, 10-46 to 12-21 atm. in

samples bought in August, and 12-05 to 14-06 atm. in those purchased in

February. It is to be noted that the pressure in the rind, 11-53 atm., is

lower than that in the pulp of the same fruit, 12-05 atm. The mean

molecular weight, ranging from 145 to 160, points to organic acids as the

chief agents in producing the pressure, for any considerable quantity of

dextrose, levulose, or cane-sugar would considerably raise the mean. In this

fruit citric acid, mol. wt. 192, is known to be present in quantity, and its

salts, which are ionized in solution to a much greater extent than the acid

itself, would tend to reduce the mean molecular weight.

Ripe fruits of Citrus Aimmtium in August gave pressures from 16-84 to

19-22 atm. ; while the more acid fruits in February had a lower pressure,

12-27 to 12-40 atm. The last-mentioned sample gave as mean molecular

3t2
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wfc. 164, agreeing closely in this as in the pressure with C. Limonum. Juice

from tlie Tangerine variety, two fruits in February gave 15"51 atm. pressure

and mol. wt. 203 ; while after keeping in the laboratory for over three weeks

in the dark, the pressure had fallen slightly to 15'24, while the mol. wt.

had risen to 231. This high value points to the presence of mono- and

di-saccharides in quantity, as well as organic acids.

It must be borne in mind that the mean molecular weight determinations

make no claim to great exactitude ; for example, a solution of pure cane-sugar

yielded tlie value 347, the correct chemically obtained value being 342.

Lycopersicum esculentum (fruit) gave low values from 5-94 to 7"91 atm.,

the maturer fruits giving the lower pressures, but the higher mean molecular

weights, which ranged from 110 to 162, thus again pointed to the absence

of quantities of sugars, especially in the less matured samples.

In Pijnis malm (fruit) much higher osmotic pressures are met with, 17*72

to 19'88 atm. The agreement between the values of M is very close, 168

and 165 in the sj)ecimens which differed by over two atmospheres in pressure.

This same close agreement is found in fruits of Vitis vinifera, M having the

values 127 and 128 in pressed juice, although the pressures were 25"64 and

27*73 atm. respectively.

The red stems of Rheum officinale yielded two samples of juice which had

an identical value for A, 0'542^ 0. in each case. Here, however, the values

of M were 83 and 76, the difference probably being due to experimental

error. This very low value is most likely due to the large amount of oxalic

acid present in the juice, its mol. wt. being 90, (C00H)2. But its ionization

in solution would make its mol. wt. appear to be less. The white bases of the

leaves of Apiuni graveolens were also examined and found to have a pressure

of 11-36 atmospheres, with low value of M, 125. Sutherst's' datum used by

Livingston for calculation gives 12 atm.^

Allium Oepa was found by the plasmolytic method to have a pressure of

15-21 atm., which is much higher than the specimen examined, 7-97 atm.^

Beta vulgaris (root), which was considered to have a high pressure as

ascertained by plasmolysis, viz. 15-21 atm.,* was found in the samples used,

all from the same source, to vary but little, from 12-52 to 13-11. Here the

values of M, 214, 215, 202, denote the presence of large quantities of sugars

of the glucose type, mol. wt. 180, and also sucrose, mol. wt. 342, to raise the

mean molecular weight.

1 W. F. Sutherst, Chem. News., 1901, p. 234.

2 B. E. Livingston, The Eole of Diffusion and Osmotic Pressure in Plants, Chicago, 1903.
' Quoted from Jost's Plant Physiology, p. 419. Eng, Trans., 1903.
* Quoted from Jost, loc. oit.
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The Brassica Rapa used was at first the white variety. Two roots which

were kept exposed in the laboratory for a week increased in pressure by

evaporation, while there was no decisive alteration in the value of M. The

Swede turnip used was a large one ; and all the determinations were made

on it. After being freely exposed to the air in the laboratory for a few days

its osmotic pressure was found to have risen from 10*70 to ]2'36 atm. This

agrees with Sutherst's result of about 12 atm. Further keeping in a closed

vessel in the dark did not increase the pressure, but actually lowered it

slightly. The lowering was probably only apparent, as the outer parts used

in the second determination were, owing to evaporation, drier than the inner.

Keeping in a closed vessel tends to equalize the water content, and so

apparently lowers the concentration of tlie outer parts. The mean molecular

weight showed no considerable variation, but was seen throughout to be higher

than that of the white variety.

Tubers of Helianthus tuberosus behaved rather differently, as the pressure

was found to rise from less than 14 atm. to over 18 on keeping in a closed

vessel in the dark for a fortnight. These results do not agree with those of

H. Fischer and Copeland, who found less than 3-5 atm. pressure in these

tubers.' The values of M obtained, 371, 394, 370, agree well, and are

comparable to the values found by Maquenne, 445 and 306 in germinating

rye and peas.^

It was noticed that on boiling the juice from S. tuberosus the quantity of

albuminous substances precipitated was very considerable.

The tubers of Solanum tuberosum were also examined when fresh, and at

intervals after keeping in a closed vessel in the dark for nearly a month.

Eeference to the table shows that there was no regular variation during that

period, the osmotic pressure of the various tubers fluctuating between 6-47

and 7-36 atm. The mean molecular weight also ran irregularly from 140 to

159. Thus, though shoots were just being formed, there was not sufficient

metabolism to alter the character of the tuber as a whole.

[Table of Eesults.

> Quoted from Jest's Plant Physiology, p. 419. Eng. Trans.

^L. Maquenne, Comptes Eendus, torn, cxxv., p. 576, 1897.
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The above results seem to show that while large variations are met with

in the osmotic pressures of various fruits and of the same fruit at various

stages, tubers, on the contrary, vary but little in the same species, though

there is a considerable range of variation between various species. This

result was not unexpected ; for tubers exist under very uniform conditions in

nature, and usually possess a large store of starch or other reserve material

capable of being mobilized and of thus restoring equilibrium. In this they

differ from the leaves, wliich are organs for elaborating compounds with little

or no store-material. The latter are consequently very liable to fluctuation

in pressure, as shown in a former paper. (Dixon and Atkins, loc. cit.)

The determination of the mean molecular weights frequently throws light

on the metabolism, a fall pointing to formation of starch or some other

insoluble material or possibly to exhaustion due to respiration. A rise, on the

other hand, indicates the conversion of colloids into soluble starches, mono-

and di-saccharides, or synthesis of some sugars by assimilation.

Conclusions.

1. As the result of over fifty measurements, the deduction may be made

that similar plant organs of the same species have approximately equal osmotic

pressures. (This does not apply to leaves, for which see Dixon and Atkins,

loc. cit.)

2. The osmotic pressure of the solutes in the fruits examined varied from

about 6 to 30 atm., and the mean mol. wt. from 110 to 231.

3. The pressure in the underground organs studied ranged from 6"5 to

18'7 atm., while the molecular weight of the solutes ranged from 101 to 394.

4. The red stem of Rheum officinale, gave the lowest recorded mean

molecular weight, viz. 76, with an osmotic pressure of 6'52 atm.

5. The tuber of Helianthus tuberosus gave the highest mean molecular

weight found, viz. 394.

This paper is properly a continuation of a joint paper with Prof. H. H.

Dixon; and I have much pleasure in thanking him for his advice throughout.





THE

SCIENTIFIC PROCEEDINGS
OF THE

ROYAL DUBLIN SOCIETY.

Vol. XII. (I.S.), m. 35. JULY, 1910.

THE SEPAKATE INHERITANCE OF QUANTITY
AND QUALITY IN COWS' MILK.

BY

JAMES WILSON, M.A., B.Sc,

PEOFESSOE OF AGEIOULTUEE IN THE EOYAL COLLEGE OF SCIENCE, DUBLIN.

[A uthors alone are responsible for all opinions expressed in their Communications-^

DUBLIN

:

PUBLISHED BY THE EOYAL DUBLIN SOCIETY
LEINSTER HOUSE, DUBLIN.

WILLIAMS AND NOEGATE, y^"^

'

.^\
14, HENRIETTA STREET, COVENT GARDEN, LONDON, W/Q^\'^^^°"'^" '^'Jf^

1910.

Price Sixpence.



Il01jal Bublht Socittg.

FOUNDED, A.D. 1731. INCORPORATED, 1749

The Scientific Meetings of the Society are held alternately at 4.30

p.m. and 8 p.m. on the third Tuesday of every month of the Session

(November to June).

Authors desiring to read Papers before the Society are requested

to forward their Communications to the Eegistrar of the Royal Dublin

Society at least ten days prior to each Meeting, as no Paper can be

set down for reading until examined and approved by the Science

Committee.

The copyright of Papers read becomes the property of the Society,

and such as are considered suitable for the purpose will be printed with

the least possible delay. Authors are requested to band in their MS. and

necessary Illustrations in a complete form, and ready for transmission to

the Editor.



Atkins— Osmotic Pressures of some Plant Organs. 469

The above results seem to show that while large variations are met with

in the osmotic pressures of various fruits and of the same fruit at various

stages, tubers, on the contrary, vary but little in the same species, though

there is a considerable range of variation between various species. This

result was not unexpected ; for tubers exist under very uniform conditions in

nature, and usually possess a large store of starch or other reserve material

capable of being mobilized and of thus restoring equilibrium. In this they

differ from the leaves, which are organs for elaborating compounds with little

or no store-material. The latter are consequently very liable to fluctuation

in pressure, as shown in a former paper. (Dixon and Atkins, loc. cit.)

The determination of the mean molecular weights frequently throws light

on the metabolism, a fall pointing to formation of starch or some other

insoluble material or possibly to exhaustion due to respiration. A rise, on the

other hand, indicates the conversion of colloids into soluble starches, mono-

and di-saccharides, or synthesis of some sugars by assimilation.

Conclusions.

1. As the result of over fifty measurements, the deduction may be made

that similar plant organs of the same species have approximately equal osmotic

pressures. (This does not apply to leaves, for which see Dixon and Atkins,

loc. cit.)

2. The osmotic pressure of the solutes in the fruits examined varied from

about 6 to 30 atm., and the mean mol. wt. from 110 to 231.

3. The pressure in the underground organs studied ranged from 6"5 to

18'7 atm., while the molecular weight of the solutes ranged from 101 to 394.

4. The red stem of Rheum officinale gave the lowest recorded mean

molecular weight, viz. 76, with an osmotic pressure of 6'52 atm.

5. The tuber of Selianthus tuberosus gave the highest mean molecular

weight found, viz. 394.

This paper is properly a continuation of a joint paper with Prof. H. H.

Dixon; and I liave much pleasure in thanking him for his advice throughout.
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THE SEPARATE INHERITANCE OF QUANTITY AND
QUALITY IN COWS' MILK.

By JAMES WILSON, M.A., B.Sc,

Professor of Agriculture in the Royal College of Science, Dublin.

[Eead May 24. Ordered for Publication June 14. Published July 28, 1910.]

It is a very general opinion that the milk of high-yielding cows is usually

poorer and tliat of low-yielding cows richer in quality. The origin of this

opinion lies, perhaps, in the fact that some breeds, like the Dutcli, tliat are

at the top of the scale with regard to quantity, are nearer the bottom witli

regard to[,quality; while others, like tlie Jersey, that are at the top with

regard to quality, are lower down with regard to quantity. No one denies

tliat there are many exceptions to the rule, but these exceptions are generally

regarded as departures in some degree from the normal. At the same time

it would be difficult to find any cautious writer vehemently dissenting from,

or assenting to, the general opinion, for the reason that, till recently, no large

body of data bearing upon tlie question had been brought together. Now,

however, in the " Report of Milk Records for Season 1908," recently published

by the Ayrshire Cattle Milk Records Committee, we are furnished with data

from which it is possible to obtain a ruling.

The systematic milk-testing scheme for Ayrshire cattle, the inception and

success of which are almost entirelj'due to the late Mr. John Speir, Kt. St. 0.,

of Newton, near Glasgow, was inaugurated in 1903 ; and 1342 cows were

tested in that year. The records of 8132 cows are contained in the report

for 1908. The scheme is worked as follows :—The Ayrshire cattle country is

divided into districts each containing either about ten or eleven or about

seventeen or eighteen farms coming under the scheme. To each district is

appointed a trained official whose duty it is to visit all his farms in rotation.

If tliere are eleven farms in his district, he can visit each of them once a

fortnight ; if tliere are eighteen, he can visit each once every three weeks.

The official reaches a farm in the afternoon, stays over niglit, and leaves next
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forenoon. Tims, he is present while the cows are milked in the evening and

in the morning. He weighs the milk of each cow and takes a sample evening

and morning. The weiglits are recorded and the samples sent on to an analyst,

who tests them for the amount of fat they contain. Thus, means for deter-

mining every cow's yield and the quality of her milk are ascertained either

every fourteen or every twenty-one days ; and when the means are all

collected, the total can be worked out for the year or for such time as the

work is continued.

It cannot be maintained, of course, that this method is absolutely accurate.

More accurate results would have been obtained if the observations had been

taken more frequently—most of all if they had been taken daily—but they are

sufficiently accurate for the purpose of the Ayrshire cattle-breeders ; and

when it is considered that, given a sufficient number of cases, the errors below

the line are cancelled by those above, the results are sufficient for our

purpose also.

By grouping the cows according to the quality of their milk and

eliminating all that have been observed for less than thirty weeks and which,

in consequence, might not show the true approximate average, we find that

the bulk of Ayrshire cows' milk contains from 3*3 to 4 per cent, of fat, but

that there are many cows with milk both above and below these limits

:

some running over 5 and others below 3 per cent. It is from this fact,

which is expressed graphically in diagram 1 (p. 472), together with the fact

that the quantity of Ayrshire cows' milk varies in a similar manner, that

we can infer that the yield and quality of cows' milk are separately

inherited.

If we group together all the low-yielding cows, and find their milk

invariably high in quality, we may infer that low yield and high quality are

of the nature of concomitant variations. If we group the high-yielding

cows together, and find their milk invariably of low quality, we may infer

that high yield and low quality run together. But if we take these groups

and any other groups we can form, and find that the quality varies the same

way in them all—that is that there are low qualities, high qualities, and

medium qualities in every one of them—then we are justified in inferring

that the quantity and quality of the milk are independent of each other. And
this is what we do find.

But, to get a fair view of the case, we must eliminate some other cows in

addition to those that were eliminated to form our first diagram.

In the Ayrshire cattle country there are two main systems of dairying :

one in which milk is produced throughout the year, and the other in which

it is produced from early spring till late autumn chiefly for cheese-making.

3u2
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Diagram 1.

;ram showing the numbers of Ayrshire cows giving milk of different qualities.
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In the former ease, cows are calving at all times, while, in the latter

the majority calve early in spring and are dry during the dead of winter

;

and the records are kept in each case to meet the system of dairying : that is

throughout the year in the one and during the producing season in the other.

TJnder the whole-year system, there are cows whose full lactation periods do

not fall in any one year, while, under the cheese-making system, the records

of late-calving cows are kept for only a portion of their lactation period. At

tlie same time, under both systems, there are many cows too you.ng to have

attained what might be called their normal yield ; wliile, under the whole-

year system especially, records are kept of cows that have milked far beyond

the normal nine or ten months.

To eliminate all such cases as far as possible, we make use only of tlie

records of cows aged four years and more that have been tested for not less

than thirty and not more than forty weeks.

The cows whose records we can use may be separated into four divisions

of not very unequal numbers—viz., those yielding less than 500 gallons, tliose

from 500 to 600, those from 600 to 700, and those yielding over 700 gallons.

They could have been separated into more divisions than four \ but, on

consideration, this was found unnecessary. Among the lowest-yielding cows,

many give well below the 500, and, among the higher-yielding cows, a con-

siderable number give over 1000 gallons. But, in working through the

figui'es, it was seen that, if the very lowest- and the very highest-yielding

cows were given separate divisions to themselves, it would have made no

material difference to the general result.

The results of this separation are expressed in diagrams 2, 3, 4, and 5.

These show that the quality of the milk given by any one of the four

divisions is almost the same as that given by the other three. Tlie curious

drop in the number of cows under the 500-gallon standard giving milk

containing 3'6 per cent, of fat may be taken as of no vital importance.

It is a phenomenon not strange in statistics.

[Diagrams.
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Diagram 2.

Diagram showing the qualities of the milk from cows giving less than 500 gallons.
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Diagram 3.

Diagram showing the qualities of the milk from cows giving from 500 to 600 gallons.
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Diagram 4.

Diagram showing the qualities of the milk from cows giving from 600 to 700 gallons.
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Diagram 5.

Diagram showing the qualities of the milk from cows giving over 700 gallons.

PERCENTAGE OF

FAT IN THE MILK

The similarity between the quality of the milk given by the four divisions

of cows can be made still clearer if we reduce the figures represented by tlie

last four diagrams to percentages, and then combine the results obtained in

this way in a diagram in which the four divisions are represented on the

same

[Table.
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Table showing the ISTumbeks of Cows giving diffekent Yields

AND THE Composition of theik Milk.

Per-
centage

of fat in

the milk.
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Diagram 6.

Diagram showing the percentage numbers of cows giving different yields and the qualities

of their milk.

It will then be seen how substantial is the agreement among all four

divisions. It might be objected that the line representing the cows giving

700 gallons bends a little more to the left than the others, both in rising and

descending; but this does not substantially modify the general result.

Indeed it may lend emphasis to it, since there is a tendency among farmers

to retain good-yielding cows, even if their milk be poor, and thus to increase

tlie proportion of poorer milk among them.
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DiAGKAM 6.

Diagram showing the percentage numbers of cows giving

of their milk.

different yields and the qualities

so 51 32

It will then be seen how substantial is the agreement among all four

divisions. It might be objected that the line representing the cows giving

700 gallons bends a little more to the left than the others, both in rising and

descending; but this does not substantially modify the general result.

Indeed it may lend emphasis to it, since there is a tendency among farmers

to retain good-yielding cows, even if tlieir milk be poor, and thus to increase

the proportion of poorer milk among them.
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MECHANICAL STRESS AND MAG-NETISATION OF IRON :

Part III.

BY WILLIAM BROWN, B.Sc,

Professor of Applied Physics, Royal College of Science for Ireland.

[Read May 24. Ordered for Publication June 14. Published September 2, 1910.]

A CONSIDERABLE amount of work has been done on various effects of

mechanical stress on the magnetisation of metals, and the report on the

subject by H. Nagaoka' tabulates all the data known up to 1899.

Amongst the subsequent work the following bear on the subject of the

present paper :—Nagaoka and Honda''' have shown that when a wire of nickel-

iron alloy containing nickel up to 45 per cent, is subjected to simultaneous

longitudinal and circular magnetic fields, the direction of twist of the free

end is the same as that of an iron wire. Shimizu and Tanakadate' have

studied the Wiedemann effect at high temperatures, and have shown that

for iron, nickel, and tungsten steels, it vanishes at the critical temperatures

of the metals.

In the first and second parts of this paper the writer has published^ the

results of some experiments obtained with soft iron wires, in which the

longitudinal magnetism, the circular magnetism, the longitudinal load, and

tlie cross-sectional area of the wires were varied. The present results were

obtained with iron wires of different tempers, or different degrees of

magnetic softness, different lengths, and different diameters.

Five different degrees of hardness were adopted, which were obtained by

heating the wires to a cherry-red heat by means of a broad Bunsen burner,

when they were hung vertically, and subjected to different longitudinal

loads. In the experiments for testing the effect of temper on the torsion and

magnetism. No. 16 size wires of the best Swedish charcoal-iron were

employed, this size of wire being easier to manipulate than larger or smaller

wires. In order, in the first place, to get the wire as soft as possible, it was

suspended from the ceiling of a darkened room by means of a three-jaw self-

' Rapports du Cungres International de Physique, Paris, 1900, vol. ii., pp. 536-556.

= Compt. Rend., 1902, torn, cxxxiv. ; and Phil. Mag., 1902, 6th Ser., vol. iv.

3 Proc. Phys. Math. Society, Tokyo, Oct., 1906.

* Sclent. Proc. Eoy. Dub. Soc, 1909, vol. xii., pp. 101 and 175.
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centring clutch, and allowed to hang loosely under its own weight only. It

was then raised to a cherry-red heat by heating from the top downwards, so

that the hot air ascending tended to anneal the part just heated, tlie degree of

hardness thus obtained being here distinguished by the symbol Ho. The next

degree of hardness was obtained by the same process, but witli a weight on

the lower end of the wire amounting to 10" grammes per sq. cm. ; this

hardness we call Hi, and the other degrees were obtained by hanging on

weights of 2 X 10*, 2-5 x 10*, and 3 x 10* grammes per sq. em. respectively,

and their hardnesses are distinguished by the symbols Hj, H2.5 and H3.

The first heating of the wire did not change its diameter, which was in

every case carefully measured when the oxide had been all cleared off by

means of emery paper; new wires of full No. 16 size were taken for each of

the other tempers, so as to get all the wires of different degrees of magnetic

softness, and very approximately of the same diameter.

To get a measure of the hardness of the wire, two tests were applied, first

the simple rigidity of each was measured ; and, secondly, the electrical

conductivity of each was determined by comparison with a standard of

electrolytic copper wire whose conductivity was lOl'Ol, Matthiessen's

standard being 100. The simple rigidity was measured by a statical method

in which the horizontal forni of Searle's torsion apparatus was employed.

This apparatus consists essentially of a spindle, mounted on ball-

bearings, with a self-centring three-jaw clutch at one end of the spindle,

and a wheel at the other end, by means of which the required couple can be

applied. One end of the wire under test is caught in the self-centring

clutch, and the other end fixed in a firm support at a suitable distance (in

this case 40'3 em.) from the clutch.

In the apparatus used for these experiments, the end of the spindle at the

wheel was prolonged about 5 cm., and a plane mirror fixed on it with its

reflecting surface in the same plane as the axis of the spindle ; and the twist

of the wire under test was observed in the usual way by means of a vertical

scale and telescope with cross-hairs, the scale being 64'5 cm. from the mirror.

In observing the deflection on the scale, or the twist of the end of the

wire, the maximum of which was about 6°, four or more different weights

were used, and a double reading taken in each case by hanging the weight

from either side of the rim of the wheel. The values of the scale-readings

were then plotted against the corresponding values of the weights, and a

straight line drawn from the origin through the points ; the mean values

of the weight and twist were picked off for calculating the rigidity. Tlie

scale used was divided into millimetres, and could be easily read to 0'2 mm.,

so that an error in the scale-reading of 0'2 mm. made au error in the values

3 y2
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obtained for the rigidity of about 0'2 per cent. ; and in measuring the

diameter of the wire a standard micrometer screw-gauge was used, in which

an error in reading of -g-^mm. made an error of 0'3 per cent, in the value of

the rigidity, so that the values of the rigidity obtained may be reckoned

correct to within the half of one per cent. ; the same error in estimating the

diameter of the wire would cause an error of about the half of one per cent,

in the value of the electrical conductivity ; both methods were therefore used

as a check on one another.

The results are collected in Table I., and shown as curves in fig. 1

The rigidity is expressed in grammes per square centimetre, and the

electrical conductivity as a percentage of pure copper.

Table I.

Cross-sectional

area of the

wire

X 10"^ sq. cm.

20-80

20-73

20-64

20-46

20-35

Rigidity

X lO"

Ho

H,

Ha

H3

803

812

823

Electrical

conductivity

pure copper,

100.

14-3

14-0

13-6

12-5

9-1
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In plotting the results of these experiments on rigidity and electrical

conductivity, an arbitrary scale of hardness has been taken ou the axis of

abscissae, that is, the load in grammes per sq. cm. which was on the end of the

wire when it was heated has been taken as a measure of the liardness.

Against this, on tlie axis of ordinates tlie simple rigidity has been plotted

in the one case, and in the other case the percentage electrical conductivity

compared with pure copper.

The conductivity curve here given is similar to those obtained by

Strouhal and Barus' in their work on the specific resistance and temper of

steel wire.

In order to observe the amount of twist on the end of the wire when it

is subjected to different longitudinal loads, and when placed in different

longitudinal magnetic fields—tlie maximum current sent through the wire in

all cases was at the rate of 100 amperes per sq. cm. — the same long

solenoid with accessories was used as was employed in previous work.^ The

wire under test was fixed so as to hang vertically, and as near as possible in

the middle of the solenoid, whose total length was 237 cm. ; the distance

from the mirror on the vibrator at the lower end of the wire to the

millimetre scale was 116'5 cm., and for every millimetre of deflection on

the scale, the end of the wire was twisted through an angle of 88 seconds.

With a certain load on the end of the wire and a given longitudinal

magnetic field round it, an electric current was sent through tlie wire, and

its value slowly increased up to the maximum of 100 amps, per sq. cm.—so

as to give a constant circular magnetism—and the steady deflection read off

the millimetre scale ; the current was then gradually diminished to zero,

reversed, and again slowly increased to the maximum, and the scale-reading

again observed on the other side of the zero ; the mean of these two readings

was then taken as the true value of the twist for that magnetic field.

The longitudinal load on the wire being kept the same, a similar process

was gone through for twelve different magnetic fields up to a maximum of

14 c.g.s. units.

The longitudinal load on the wire was now increased, and a series of

observations were made, similar to what was done for the first load, and so on for

five different values of the load. Before doing these, however, the wire, which

had been strongly magnetised during the previous experiments, had to be

carefully de-magnetised each time ; this was a somewhat troublesome

operation, but was overcome by means of a reversing key in the circuit of

the solenoid ; by continually reversing the diminishing current through

the solenoid, and decreasing the load on the end of the wire and the

1 Wied. Ann., 1883, vol. xx., p. 621.

2 Scient. Pioc. Roy. Dub. Soc, 1909, toI. xii., pp. 115 and 183.
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current through it, tlie wire could be de-magnetised as far as the vertical

component of the Earth's magnetism would permit.

This was tested by putting a certain current round the solenoid in sucli a

way and of such a value as to annul the vertical component of the Earth's

magnetism inside it ; and then a current sent through the wire gave little

or no twist if the wire was quite de-magnetised.

The results for five different longitudinal loads on a No. 16 soft-iron

wire of cross-sectional area 20-SO X 10"' sq. em., and simple rigidity

774 X 10*^ grammes per sq, cm., and electrical conductivity 14'31, are shown in

Table II., and as curves in fig. 2.

Table II.

Longitudinal

magnetic
field

H.
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From the curves we see that tlie maximum twist or deflection on the

scale occurs for all loads when the wire is in a longitudinal magnetic field of

2*5 units. If for this field we plot the values of the load as abscissae and the

values of the corresponding maximum deflections as ordinates, the points will

be found to lie very approximately in a straight line, and show that when

the load on the wire is increased six times the twist or deflection on the scale

is decreased 27 per cent. By comparing the twist obtained with this wire

when the load was lO'^ grammes per sq. cm. and when in a longitudinal

magnetic field of 2.5 o.g.s. units with the twist obtained with another No.

16 iron wire with the same load and in the same magnetic field/ we get

from Table I., above, a deflection of 38 mm., and in the former case the

deflection when reduced to the present conditions becomes 36 mm. This

difference of 2 mm. is no doubt due to (1), the former wire being annealed

by means of a Buusen flame when it was suspended in a horizontal direction,

and the present wire being annealed by the flame when it was hanging

vertically and heated from the top downwards, (2) the cross-sectional area of

the former wire being 20'6 x 10"^ sq. cm., and that of the latter being

20"8 X 10"^ sq. cm., therefore the maximum current through the two wires

was 2*06 and 2*08 amperes respectively. Tliis straight-line relation

between the load and twist holds very approximately for other longitudinal

magnetic fields higher than 2'5 c.g.s. units, and would no doubt also hold

for lower fields, if sufficient points had been determined on the rising pai-ts of

the curves. The magnetic field of 2'5 units was chosen because the highest

deflections occur with this field.

In order to test how the circular magnetism changed with the increased

longitudinal load on the wire, the longitudinal magnetic field round the wire

was kept constant at 2"5 c.g.s. units, and a complete cyclic curve taken when

the wire was stretched by each of the five different loads.

An electric current was sent through the wire which was increased by

steps up to a maximum of 2'08 amperes, then decreased to zero, reversed and

increased to a negative maximum, then back once more to the positive

maximum, the twist on the end of tlie wire or deflection on the scale being

read off at each step of the cycle.

A complete cycle was taken in this way when each load was on the wire,

and the results plotted on millimetre paper where on the axis of abscissae two

centimetres represented one ampere and on the axis of ordinates one centi-

metre represented ten divisions on the scale ; the total area of each cyclic curve

was then measured in sq. cm., and the results are shown in the last line of

' Scient. Proc. Eoy. Dub. Soc, 1909, vol xii., p. 186.
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Table II. If we plot as abscissae the values of the load on the wire, ami as

ordinates the corresponding values of the areas of the cyclic curves, the

points will be found to lie in a straight line and show that when the load is

increased six times the circular magnetism or area of the cyclic curve is

decreased about 38 per cent.

These results confirm those obtained previously with a wire which was

tested under the same conditions of load and magnetic field. In the former

test the area of the cyclic curve when the wire was loaded with 10^ grammes

per sq. cm. was 30 sq. cm., which value wlien reduced from the scale and

distance used then to the scale and distance used now becomes 20'1 sq. cm. as

against 20'8 sq. cm. for the new wire, which was both a little thicker and

softer.

The above results were obtained when the wire was the full length of

226 cm., and in a uniform longitudinal magnetic field throughout its entire

length ; tests were now made when the wire was 0-8 times and 0'5 times

this length respectively, so as to find out how the twist and circular

magnetism varied when the length of the wire was altered to 181 cm. and

113 cm. The top suspension for the wire was made longer to suit the

lengths required, the wire still remaining in a uniform longitudinal magnetic

field throughout its whole length, and each length was put through the same

series of tests as was done with the full-length wire. That is, the maximum

twist was observed for the given current density in the wire of 100 amperes

per sq. cm. ; when the wire was placed in longitudinal magnetic fields of

tivelve different strengths, and also when subjected to three different values

of longitudinal load, instead of the five loads used with the long wire. As

in tlie previous case when the wire was of the full length, the greatest twist

occurred when it was in a magnetic field of 2'5 units, and at this point

a complete cycle was taken in each case.

The results obtained are shown in Table III., and one set of the

results for each of the three lengths when tlie load on the wire was 0"5 x 10'

grammes per sq. cm. are exhibited as curves in fig. 3 ; the results for

the other two loads when plotted sliow the same general contour in the

shape of the curves with the maximum gradually decreasing.
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Table III.
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wire ; and when the length of the wire is halved, the mean maximum twist

is decreased about 50 per cent, in each case when the three loads are used.

This straight-line relation between tlie length of the wire and the twist

also holds very approximately for fields higher than 2'5 units, showing that

the curves are practically parallel.

In the same way by plotting the values of the lengths of the wires as

abscissae against the corresponding values of the areas of tlie cyclic curves as

ordinates, when the wires were subjected to the three different longitudinal

loads, the points will be found to lie in a straight line iu the tliree cases, and

these lines also when produced will pass through the origin and sliow that

when the length of the wire is halved the circular magnetism when the wire is

in a magnetic field of 2"5 units is decreased about 48 per cent.

Again, if for the three different lengths of wire we plot the values of

the load as abscissae, and as ordinates the corresponding values of the circular

magnetism or areas of the cyclic curves in a magnetic field of 2'5 units, the

points will be found to lie in a straight line in each of the three cases, and

show that when the load is increased sis times the circular magnetism is

decreased about 35 per cent. Also for the three different lengths of wire

by plotting the values of tlie load on the wire as abscissae, and as ordinates

the corresponding values of the maximum twist when the wire is in a

magnetic field of 2'5 units, the points will be found to lie in a straight line in

each of the three eases, and show that when the load on the wire ia increased

six times the mean maximum twist is decreased about 27 per cent.

These three latter straight lines, when produced, cut the axis of abscissae

at a mean point representing a load of 8'2 x 10° grammes per sq. cm., which is

very fipproximately the elastic limit of the wire, and shows that with tlie

given current density in the wire and in the given magnetic field of 2'5 units

if the wire be stretched near to its elastic limit, there will be little or no

twist on the free end. This confirms an observation made in previous

work,' where it was shown that no transient current would be produced

by twisting a wire placed in a longitudinal magnetic field if the load on

the end of the wire was such as to stretch it to, or nearly to, the elastic limit.

With the arrangement of apparatus used in these experiments it was

not possible to put such a large weight on the end of the wire ; it was

reckoned, however, that a steel wire of the same diameter, with a very

small weight on the end to keep it straight, would be at least as hard

as the iron wire when loaded near to its elastic limit. A steel wire

of rigidity 830 x 10* grammes per sq. cm. and electrical conductivity 9'6,

> Scient. Proc. Eoy. Dub. Soc, 1909, vol. xii, p. 110.
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was thereupon taken and placed in various longitudinal magnetic fields

inside tlie solenoid, and there was no twist whatever of the free end of the

wire when a large or small current was sent through it.

Another wire was now taken and prepared to give the degree of hardness

Hi, as already described above ; the rigidity was measured and found to

be 788x10" grammes per sq. cm., and the electrical conductivity 14'0 as

compai-ed with pure copper. The cross-sectional area of the wire was

20'73xl0"' sq. cm., and it was tested in precisely the same manner as

was done with the soft iron wire of liardness H^,—that is, for twelve different

strengths of longitudinal magnetic fields, for three different lengths, and for

three different longitudinal loads.

The results are here shown in Table IV.

TABLE IV.

= a
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that when the load is increased six times, the mean maximum twist is decreased

about 32 per cent. These tliree straight lines when produced cut the axis of

abscissae at a point representing a mean load of 8'25xl0^ grammes per

sq. cm., wliich is about the same value as that found for the softer wire.

Another wire was now taken and treated in the same way as in tlie

previous cases, but with a load on the end of 2x 10* grammes per sq. cm.,

and was made into the state of hardness called H^. The wire was prepared

in the usual way, the rigidity measured and found to be 808 X 10'^ grammes

per sq. cm., and tlie electrical conductivity 13'6 compared with pure copper.

The cross-sectional area of the wire was 20-64x10"^ sq. cm., and it was

tested in precisely the same manner as tlie previous wires, and the results

are shown in Table V.

TABLE V.

u

"^
i

a'
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meet the axis of abscissae at a meau point eorrespondiug to a load on the

wire of about 8x 10* grammes per sq. cm.

It is interesting to notice, for the above three states of hardness

H„, Hi, aud Hi,, that as the length of the wire is diminished and the

load on the wire increased, the twists gradually approach to the same

value as the longitudinal magnetic field round the wire is increased.

Two new wires were now taken and prepared to give the degrees of

hardness H^.t aud H3 ; these were tested when at the full leugtli of 226 em.

only for three loads and for twehe different magnetic fields.

The rigidity of H.;, was 812 X 10* grammes per sq. cm., its electrical

conductivity 12-5, and its cross-sectional area 20'46x 10"^ sq. cm.

The wire H^ had a rigidity of 823 X 1 0* grammes per sq. cm., electrical

conductivity 9'1, and cross-sectional area 20-35 X 10"^ sq. cm. The results

of the tests are shown together in Table VI.
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referred to, the results are given of a test on au iron wire when the current

through the wire was kept constant, and the longitudinal magnetic field round

it varied, and it was found that the maximum twist occurred in a magnetic

field of about 20 units. The wire used by them was 21 cm. long and

0'98 mm. in diameter ; the current sent through it was 6 amperes, or at the

rate of nearly 800 amperes per sq. cm. ; that is, about eight times the current

density used in most of the experiments described in this paper, and the

maximum twist found by Nagaoka and Honda occurred in a magnetic field

about eight times that found by the present writer witli a wire about 1'6

mm. in diameter.

In order to test experimentally how the magnitude of the magnetic field

—

in which the maximum twist occurs—varies when currents of different value

are sent through the wire, a No. 17 iron wire was taken (in the physical

state in which it came from the manufacturer) and prepared for testing in

the usual manner. The wire was placed in the solenoid, with a load on the

end equivalent to 10* grammes per sq. cm., and the twist measured when the

wire was subjected to twelve different longitudinal magnetic fields. Three

sets of observations were taken when the current through the wire was 1'5, 3,

and 6 amperes respectively, or when the current densities were 95, 190, and

.380 amperes per sq. cm. The results obtained are shown in Table VII.

Table VII.

Longitudinal
magnetic

field

H.
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If from the above table we plot as abscissae the values of the longitudinal

magnetic fields round the wire, and as ordiuates the corresponding values of

the twist in each of tlie three cases, we obtain three smooth curves which rise

gradually to a maximum, and then fall away more slowly. The maximum

twist occurs in different magnetic fields in the three cases—viz., about 2'5, 5'5,

and 11 units respectively ; and if we further plot the values of the current

through the wire as abscissse, and as ordiaates the corresponding values of

the magnetic field in whicli the maximum twist occurs, the three pohits will

be found to lie very approximately in a straight line, which line, when

produced, passes through tlie origin. This shows that the longitudinal

magnetic field in which the maximum twist occurs is directly proportional to

the current density in the wire.

The results—collected from the tables above—for wires of very

approximately the same diameter, but of different degrees of magnetic

softness, are shown as curves in fig. 4.

40
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The curves in fig. 5 show liow the maximum twist—when the wire is

in a longitudinal magnetic field of 2'5 units—varies with the hardness of the

wire, and when the longitudinal load on the wire is varied. The top curve

represents the results obtained with a load of 0'5 x 10* grammes per sq. cm.,

the middle curve with a load of 1'5 x 10* grammes per sq. cm., and the lowest

curve wlien a load of 3"0 x 10' grammes per sq. cm. was on the wire.

770 790 aiO S30

Fig. 5.—Rigidity (grammes per sq. cm. x 10^).

These curves show that as the hardness is increased from Ho to H2, the

twist is decreased 16 per cent, for the small load, about 29 per cent, for the

high load, and about 22 per cent, for the intermediate load. The same

general forms of curves are obtained if the results are plotted for any other

longitudinal magnetic field. In fact, as the load on the wire and longitudinal

magnetic field round it are increased, the relation between the rigidity and

twist tends toward a straight line, and in the lower curve of fig. 5

the twist is decreased about 53 per cent., when the hardness is increased

from Hq to H3 on tlie arbitrary scale.

Experiments were now made to find out how the twist of the free end of

the wire varied when the diameter or cross-sectional area of the wire was

changed. The wires, as received from the manufacturer,' were all in the

same physical state, and had all received the same heat-treatment ; that is,

they were put in an annealing furnace and raised to a bright, cherry-red heat,

then allowed to cool naturally until they could be handled.

' For this set of experiments many attempts were made, and various methods tried to get the

different-sized wires all in the same soft state Ho, but with no success owing to the great length of

wire employed. It was found, however, on inquiry, that the wires as delivered by the manufacturer

were all in the same physical state as regards heat -treatment, and they were therefore tested in that

state.
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Five of these wires of different sizes were taken and put through the tests,

with a load on the end of each wire equivalent to 10° grammes per sq. cm.

;

and the twist of the free end measured when each wire was placed successively

in twelve different longitudinal magnetic fields. In every case the current

density in the wire was 100 amps, per sq. cm.

The three thicker wires were tested for simple rigidity, and the mean

value obtained was 815 x 10'^ grammes per sq. cm., which falls about the

position H2.5 in our arbitrary scale of temper.

The results obtained are shown here in Table VIII., and as curves in fig. 6.

Table VIII.

Longitudinal
magnetic

field
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When the wires are of different diameters, the maximum twist occurs in

magnetic fields of different strengths ; in the top curve in fig. 6, which gives

the results obtained with the thickest wire, the maximum twist takes place

in a field of 4 units, and the lowest curve which was obtained with the

smallest wire has its maximum twist in a field of about 2-3 units. By-

plotting the cross-sectional areas of the wires as abscissae, and the corre-

sponding values of the twist, for any field, as ordinates, the points all lie

very approximately in a straight line in each case ; and when the cross-

sectional area of the wire is increased about nine times, the increase in the

twist is larger as the field is increased. Thus in a magnetic field of 3

units the twist is doubled, and in a field of 6 units the twist is increased

about 21 times, and about 2| times in a field of 14 c.g.s. units.

In an application of Kirchoff 's theory to the Wiedemann effect, Nagaoka

and Honda' have shown theoretically that for a given longitudinal current

through the wire, the twist of the free end is inversely proportional to the

square of the radius. In order to test this experimentally, three wires were

taken of different diameters (viz. Nos. 15, 16, and 17), all in the same

physical condition, as delivered by the manufacturer, and tested in twelve

different longitudinal magnetic fields. The wires were each 226 em. long,

the load on each was 10^ grammes per square cm., and the current through

each was 1'5 amperes or of current densities 95, 72"8, and 57'5 amperes per

sq. cm. respectively. The tests were made in the usual way, that is, with a

given longitudinal magnetic field round the wire : the current through it was

raised to 1*5 amperes, and the twist or deflection on the scale read off; the

•cm-rent was then diminished to zero, reversed, again raised to 1*5 amperes,

and the twist again observed ; the mean of the two readings was then taken

as the true twist for that magnetic field. The same process was gone

through for fields up to 14 c.g.s. units.

i Phil. Mag., 1902, 6th Ser., vol. iv., p. 6S.
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Tablk IX.

Longitudinal
Magnetic

field

H.
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StFMMARY.

In parts I and II of this paper,' wliere the results of experiments on soft

iron wires only are given, the main conclusions arrived at were :— (1) The

amount of transient current produced by twisting a soft iron wire placed in

a longitudinal magnetic field, is inversely proportional to the load on the

end of the wire, for a range from about 10* to 3 x 10= grammes per square

cm., and when the load was increased about three times the transient current

was about haloed. (2) With a given longitudinal magnetic field round the

wire, and a given longitudinal stress per sq. cm. on it, the transient current

produced by twisting the wire was fovmd to be directly proportional to its

cross-sectional area. (3) With a given longitudinal magnetic field round

the wire, and a given current density in it, the twist of the free end of the

wire was found to be inversely proportional to the load ; and when the load

was increased seven times, the twist was decreased about 14 per cent.

(4) The current density in the wires being the same, the maximum twist of

the free end was found to be directly proportional to the cross-sectional area

of the wire, and when the cross-sectional area of the wire was increased

4'7 times, the maximum twist was increased about three times.

For the experiments which form the subject of the present Part III of

the paper, a new batch of the best Swedish charcoal iron was obtained,

which is of practically the same quality as was used in the previous

experiments.

With the soft iron wire of hardness H^ when placed in a longitudinal

magnetic field of 2"5 units, the twist of the free end is inversely proportional

to the load on the wire, and when the load is increased six times, the twist is

decreased 27 per cent. This diminution is about 7 per cent, more than was

found with a previous soft iron wire tested under the same conditions, but

this can be easily accounted for by the fact that the latter wire was a little

softer and a little larger than the former one.

In all the three states of hardness Ho, Hi, and H2, the twist of the free

end is proportional to the length of the wire, and when the length of the

wire is halved, both the area of the cyclic curve in a field of 2*5 units and

the twist are decreased 50 per cent. ; also in the three cases the twist is

inversely proportional to the load on the end of the wire, and the harder the

wire, the more the twist is diminished as the load is increased. When the

load is increased six times, the twist is decreased 27 per cent, in the wire of

1 Scient. Proc. Koy. Dublin Soc, 1909, vol. xii., pp. 101 and 175.



BuowN

—

Mechanical Stress and Magnetisation of Iron. 499

temper Ho, 32 per cent, in the wire Hi, and 38 per cent, in the wire Hj,

i.e., increased load has more effect on a hard wire than on a soft one.

When the curves relating to load and twist in the three tempered wires

Hj to H, were produced, they all cut tlie axis of abscissse at points

approximately equivalent to the elastic limit of tlie wire.

The twist diminishes as the simple rigidity increases, and also as the

load increases. When the hardness is increased from Ho to Hj, the twist is

decreased 16, 22, and 29 per cent, respectively, when tlie loads on the wires

were O'o, 1-5, and 3*0 x 10^ grammes per sq. em.

When the wire becomes harder—between certain limits Hq to H2

—

as the length of the wire is decreased, and the load on it increased, the

twists gradually approach the same value as the surrounding longitudinal

magnetic field is increased.

In wires of different degrees of magnetic softness, the longitudinal

magnetic field in whicli tlie maximum twist occurs is independent of tlie load

on the end of the wire between certain limits.

With iron wires in the same physical state but of different diameters, the

maximum twist occurs in longitudinal magnetic fields of different strengths

—

the thicker the wire the higher is the magnetic field in which the maximum

twist occurs. In a magnetic field of three imits the twist is doubled when

the cross-sectional area of tlie wire is increased nine times.

The magnitude of the longitudinal magnetic field in which the maximum

twist occurs is directly proportional to the current density in the wire.

With a given load on the wire, and a given current through it, the twist

in a given longitudinal magnetic field is inversely proportional tothe cross-

sectional area of the wire, or directly proportional to the current density

in it.
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temper H,,, '62 per ceut. in the wire Hi, and 38 per ceut. in the wire Hj,

i.e., increased load has more effect on a hard wire than on a soft one.

When the curves relating to load and twist in the three tempered wires

Hg to Ho were produced, they all cut tlie axis of abscissae at points

approximately equivalent to the elastic limit of the wire.

The twist diminishes as the simple rigidity increases, and also as the

load increases. When the hardness is increased from Ho to Ho, the twist is

decreased 16, 22, and 29 per cent, respectively, when the loads on the wires

were 0'5, To, and 3"0 x 10° grammes per sq. em.

When the wire becomes harder—between certain limits Ho to Ho

—

as the length of the wire is decreased, and the load on it increased, the

twists gradually approach the same value as the surrounding longitudinal

magnetic field is increased.

In wires of different degrees of magnetic softness, the longitudinal

magnetic field in which the maximum twist occurs is independent of the load

on the end of the wire between certain limits.

With iron wires in the same physical state but of different diameters, the

maximum twist occurs in longitudinal magnetic fields of different strengths^-

the thicker the wire the higlier is the magnetic field in which the maximum

twist occurs. In a magnetic field of three units the twist is doubled when

the cross-sectional area of the wire is increased nine times.

The magnitude of the longitudinal magnetic field in which the maximum

twist occurs is directly proportional to the current density in the wire.

With a given load on the wire, and a given current through it, the twist

in a given longitudinal magnetic field is inversely proportional to the cross-

sectional area of the wire, or directly proportional to the current density

in it.
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[ 500 i

XXXVII.

MECHANICAL STRESS AND MAGNETISATION OF NICKEL,

Tart I.

By WILLIAM BEOWN, B.Su.,

Professor oE Applied Physios, Royal College of Science for Ireland.

[Ordered for PulJication Octo]i];u 21. ruljlished Dicemder 6, 191(1.]

In 1883 it was observed bj' Knott' that the torsion produced on a nickel wire

under the combined influence of longitudinal and circular magnetism was in

a reverse direction to that produced ou an iron wire ; and a summary of tlie

subsequent work done in this part of the subject up to 1900 is given in

Nagaoka's report on Magnetostriction for tlie International Congress on

Phj'sics.^ As far as tlie present writer knows, no further work—bearing

mainly ou the twist of nickel wires when magnetised longitudinally and

circularly—has been done except that of Shimizu and Tanakadate,' wlio

found that the Wiedemann effect in nickel practically vanishes at the critical

temperature of tlie metal.

The present paper gives the results of some experiments on tlie

magnetisation and torsion of nickel wire, the apparatus and experimental

arrangements being the same as were employed bj' the author in the work

ou mechanical stress and magnetisation of iron.^ In this case, also, five

different degrees of hardness were adopted, which were obtained by heating

the wires to a cherry-red heat (in a darkened room) by means of a broad

Bunsen burner when they were hung vertically and subjected to different

longitudinal loads. In the experiments for testing the effect of temper on the

torsion and magnetism, No. 16 size wires of pure nickeP were employed,

this size of wire being easier to manipulate than wires of smaller or larger

diameter.

In order, in the first place, to get the wire as soft as possible, it was

suspended from the ceiling of a room by means of a three-jaw self-centering

1 Trans. Eoy. Soc. JBdin., Yol. xxxii. ^ Paris, 1900, vol. ii., ijp. 536-556.

3 Phys. Math. Soc. Tokyo, Proc, 1906.

« Scietit. Proc. Hoy. Dublin Soc, vol. xii., No. 36, pp. 480-499.

^ For the clieniical analysis I am indebted to Mr. A. O'Farrelly, M.A., Lecturer in Organic

Chemistry in the Eoyal College of Science, who found the foUo^i'ing percentage composition:

—

Ni = 98-9
; Fe = 0-79'; SiOs = 0'13 ; Cu = 0-11 ; C = 0-02

; Zn = a trace.
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clutch, and allowed to haug loosely under its own weiglit only. It was then

raised to a cherry-red heat—by means of the Bunsen burner—by heating

it from the top downwards ; this was done three times to make sure that the

wire was as soft as it could be made; and the hardness tlius obtained we here

call Ho.

The highest degree of hardness was obtained by tlie same process, the

wire in this case being heated when a weight or load was on the lower end

of it equivalent to 10* grammes per sq. cm. ; this degree of hardness we call

Hi ; and the intermediate degrees were obtained in the same way when the

loads on the end of the wires were \ x 10°, \ x 10^ and | x 10° grammes

per sq. cm. respectively, and these degrees of hardness are indicated b)

Hj, Ha, and Hj.

Fresh No. 16 nickel wires were taken in each case to obtain the various

degrees of hardness ; and the largest load of 10° grammes per sq. cm. did not

appreciably change the diameter of the wire, which was taken as 0'163 cm. in

all the tempers. It was found that the nickel wire was much easier to harden

by this means than an iron wire of the same size ; thus, an iron wire when

heated with a load on its lower end of 10° grammes per sq. cm. had its

rigidity increased about 1"8 per cent., whereas a nickel wire treated in the

same way had its rigidity increased by about 6 per cent.

The simple rigidity and electrical conductivity of each wire were measured,

the former by means of a slightly modified form of Searle's horizontal

torsion apparatus, and the latter by comparison with a wire of pure copper.

The results are collected in Table I, where the rigidity is expressed in

grammes per square centimetre, and the electrical conductivity as a percentage

of pure copper, tlie cross-sectional area of each wire being very approximately

20'8 X 10"" sq. cms.

Table I.

Load on the end
of wire when

heated. Grammes
per sq. cm.
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scale of baldness—that is, the number in the first column, or the load in

grammes per square centimetre which was on the lower end of the wire when
it was being heated—and as ordinates the corresponding values of (1) the

rigidity, and (2) the electrical conductivity, the points will be found in each

case to lie very approximately in a straight line.

In order to observe the amount of twist on the end of the wire when it

was subjected to different longitudinal loads, and wlien placed in different

longitudinal magnetic fields, and with constant circular magnetism (that

is, with a maximum current through the wire in each ease at the rate of

100 amperes persq. cm.), the same long solenoid with accessories was used as

was employed in previous work.'

The wire under test was fixed so as to hang vertically and as near as

possible in the middle of tlie solenoid, the total length of which was 237 cms.

;

the distance from the mirror on the vibrator or weight on the lower end of the

wire to the millimetre scale on which the twists or deflexions were read was

116-5 cms., and for every millimetre of deflexion on this scale the end of the

wire was twisted through an angle of 88 seconds.

With a certain load on the end of the wire, and a given longitudinal

magnetic field round it, an electric current was sent through the wire, and its

value slowly increased up to tlie maximum of 100 amperes per sq. cm. ; and

the steady deflection read off the millimetre scale. The current was tlien

gradually diminished to zero, reversed, and again slowly increased to the

maximum, and the scale-reading once more observed on the other side of

zero ; the mean of these two readings was then taken as the true value of the

twist for that longitudinal magnetic field.

The longitudinal load on the wire being kept the same, a similar process

was gone through for other fifteen different longitudinal magnetic fields up

to a maximum of 50 c.g.s. units. The load on the wire was now increased,

and a series of observations made similar to what was done for the first load

;

again the load on the wire was increased, and another series of observations

taken, giving results for three different loads in all.

The above series of observations or tests were made on each of the five

tempered wires, which were each 226 cms. long and 0-163 cm. in diameter.

The results olatained are given in Table II.

1 Scietit. Proc. Roy. Dub. Soc, vol. xii., pp. 11.5-183, and pp. 480-499.
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These results exhibit several peculiarities and differences from those

obtained with iron wires in the same physical state and when tested under

the same conditions.

It is well known that the twist produced in the free end of a nickel wire

is in the opposite direction to that produced in an iron wire when tested in

the same way' ; also that the maximum twist in iron takes place in the same

longitudinal magnetic field whatever the load on the wire may be, within

certain limits, and that the curve relating the longitudinal magnetic field

round the iron wive and the twist of its free end is lower the greater the load

on the end of the wire.^
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It will be seen that eacli of the three curves rises quickly to a maximum

and diminishes more gradually ; and the longitudinal magnetic field in which

the maximum twist occurs changes with the value of the longitudinal load

on the wire.'

The longitudinal magnetic field in which the maximum twist occurs, for

a given load, is tlie same for all the wires, though they are of different

degrees of hardness, that is, in a field of 13 units for the small load, in a field

of 35 units for the large load, and in a field of about 20 units for the

middle load of 1'5 x 10* grammes per sq. cm. In Table II the maximum

twists are indicated by means of heavy-faced tyi3e. Again, for all tiie wires of

different degrees of hardness, the curves cross each other in the same longi-

tudinal magnetic field ; thus the curves obtained with loads (0'5 x 10') and

(1-5 X 10*) cross in a magnetic field of 13 units, under loads (0"5 x 10*) and

(3 X 10*) in a field of 18-5 units, and under loads (1-5 x 10*) and (3 x 10*) they

cross in a magnetic field of 23 units ; these relations hold for wires of different

lengths as well as for wires of different tempers.

100
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abscissae the values of the longitudinal magnetic field, and as ordinates the

corresponding values of the twist, we obtain the curves shown in fig. 2 (p. 505),

from which we see that the longitudinal magnetic field in which the maximum

twist occurs is independent of the temper of the wire. The top curve is

that given by the softest wire of temper Hg, and the lowest curve that given

by the wire of temper Hi; and the intermediate curves repi-esent the

intermediate tempers or degrees of magnetic softness.

Again, from the same table, if we plot on the axis of abseissse the values

of the rigidity of the wires at different tempers, and as ordinates the corre-

sponding values of the maximum twist for the five wires when they are

subjected to the three different longitudinal loads, it will be found that the

points in each of the three eases lie very approximately in a straight line.

When these three straight lines are produced, they cut the axis of abscissae

at practically the same point which represents a rigidity of 774 x 10'^ grammes

per sq. em. ; and therefore a wire of this rigidity should give little or no

twist when subjected to simultaneous longitudinal and circular magnetism.

An attempt was made to test this experimentally ; but the nickel could not

be hardened beyond a certain limit by means of hanging a weight on the

end of it and raising it to a bright cherry-red heat. Weights equivalent to

1'5 X 10' and 2 x 10^ grammes per sq. cm. were hung on the wire when it was

being heated, and the highest rigidity obtained was 757 x 10'* grammes per

sq. cm.,—that is, a little above the wire of temper Hi—and the twists for the

various longitudinal magnetic fields (with a load on the wire of 1'5 x IC*

grammes per sq. cm.) when plotted gave a flat curve situated below the lowest

curve in fig. 2, and having a maximum twist of approximately 25 millimetres

on the scale, which value of maximum twist falls practically on the straight line

corresponding to the given load. This, however, shows that the graphs

relating the maximum twist and hardness or temper of the wires, for the

different longitudinal loads, are not really straight lines, but are flat

curves, which for the higher tempers very gradually approach the axis of

In order now to test the effect of varying the length of the wire, a fresh

No. 16 nickel wire was taken and prepared for experiment in the usual way,

without getting it to any definite temper—which was, however, between

the tempers Hj and H|, judging from the values of the twists obtained.

Three different lengths were tested, each under three different loads, and in

sixteen different longitudinal magnetic fields.

All the results are given in Table III ; and one set of them is shown as

curves in fig. 3—that is, the results obtained when the longitudinal load

on the wire was 1'5 x 10^ grammes per sq. cm.
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The curves show that the longitudinal load on the wire being constant, the

longitudinal magnetic field in which the maximum twist occurs is independent

of the length of the wire.

60
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Again, by plotting the values of the load on tlie wire as abscissae, and as

ordiuates the corresponding values of the longitudinal magnetic fields

in whicli the maximum twist occurs, the points will be found to lie in a

straight line which, when produced, cuts the axis of ordinates at tlie point

10 on the scale. This indicates that, if the wire were tested with no

longitudinal load on it, the maximum twist would occur wlien a longitudinal

magnetic field of 10 units was round the wire. In order to test this

experimentally, a thin aluminium tube holding a mirror, and a piece of iron

wire for making contact with the mercury, was hung on the lower end of the

wire, the whole weighing only 33 grammes, giving a load per sq. cm. of

0-016 X lO'* grammes. The results of the test are shown in Table III,

in the first line under the length 181 cms. ; and wlien the curve is

drawn, the maximum twist occurs when the wire is surrounded by a

longitudinal magnetic field of 10-3 units, which practically confirms the

observation made above.

60
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one more lightlj' loaded. This was seen in fig. 1 (p. 504), and is also seen

in fig. 4 (p. 509), wliich is the graph of the results obtained with a wire of

liardness between Hj and Hf, and of length 181 cms.

To the right of the figure (over the point representing a magnetic field of

50 units) the top curve is obtained with a load on the wire of 3 x 10* grammes

per sq. cm., the lowest curve being that obtained with a load of 0"5 x 10*

grammes per sq. cm., and the middle curve that obtained with the medium

load of 1"5 X 10* grammes per sq. cm. It was thought possible that these

curves might re-cross if higher longitudinal magnetic fields were applied to

the wire under the three separate loads ; a test was therefore made in whicli

longitudinal magnetic fields up to a maximum of 200 units were applied

;

and the results are given in Table IV, which shows that the curves maintain

their relative positions even in that high field, and the slope of the curves,

when the results were plotted, show that they are not likely to re-cross for

even higher fields.'

Table IV.

LongiUidiniil

Magnetic I'ield

H.
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A fresh No. 16 nickel wire was taken and prepared for experiment in

the usual way, without attempting to get any definite degree of hardness

;

the heating, liowever, left the wire in a state of magnetic softness lying

between Ho and Hj, of our arbitrary scale, judging from the values of the

twists subsequently obtained. The length of the wire was 226 cms. ;
and

the longitudinal load on it during the tests was 0-5 x 10^ grammes per sq. cm.;

and four sets of observations were made when the current densities in the

wire were 50, 100, 150, and 200 amperes per sq. cm. respectively; the

results are shown in Table V, and as curves in fig. 5.
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Tablk V.

Longitudinal
Magnetic Field

I-I.
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three times (when hanging loosely in a vertical position with no load on it),

so as to make sure that it was as soft as the material and metliod of softening

wonld permit.

The wires (226 cms. in length) were then put through the tests, with a

longitudinal load on the end of each equivalent to lO'^ grammes per sq. cm.

—

that is, the twists were observed in the usual way when the wires were

successively subjected to sixteen different longitudinal magnetic fields, the

current through the wire in all cases being at the rate of 100 amperes per

square centimetre.

The results obtained are given in Table VI.
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each case occurring in the same longitudinal magnetic field of ahout

13 c.g.s. units. This also is different from what takes place with an iron

wire when it is tested in the same way and under the same conditions, for

with iron the longitudinal magnetic field in which the maximum twist occurs

is different for different-sized wires.' In the case of nickel wires, as will be

seen from Table VI, when the cross-sectional area of the wire is increased

about 4'3 times, the increase in the twist is larger as tlie longitudinal

magnetic field is increased ; thus in a field of 13 units (the field in which

the maximum twist occurs in each ease) the twist is increased 12'6 per cent.,

in a field of 30 units 16"7 per cent., and 19'3 per cent, in a field of 50 e.g.s.

units.

It has been shown—with iron wires—that the twist was directly pro-

portional to the current-density in the wire for any given longitudinal

magnetic field round it. Table V above gives the results of tests made with

a No. 16 nickel wire, with a longitudinal load on it of 0'5 x 10^ grammes per

sq. cm., when different currents were sent through the wire. Experiments

were now made with three wires of different diameters, and the same value of

eurrent through each—that is, the current densities were 100, 72'4, and 55-2

amperes per sq. cm. respectively. The three wires were tested in the state of

magnetic softness, represented by Ho on our arbitrary scale, and were Nos.

16, 17, and 18, s.w.g. The length of each wire was 226 cms., and

the longitudinal load on each 10^ grammes per sq. em. The results obtained

are given in Table VII.

' Scieiif. Pioc. Eoy. Dub. Sop., vol. xii.. p. 49o.
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Table VII.

Longitudinal
Magnetic Field

H.
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Tlie wires were tested under exactly the same conditions, and were of the

same length (226 cms.) and the same diameter (0'163 em.) ; had the same

longitudinal load (0'5 x 10^ grammes per sq. cm.), and the current density

was the same in each—viz. 100 amperes per sq. cm. Both were made as soft

as the nature of the material and method of annealing would permit. The

simple rigidity of the iron wire was 774 x 10", and of the nickel wire

707 X 10'' grammes per sq. cm. The maximum twist for the iron (40'5 mm.)

took place in a longitudinal magnetic field of 2'5 units, and the maximum

twist for nickel (95 mm.) in a field of ly units.

I00»

50 /

^

10
Miigiieiic Field 11.

Fig. 6.—Similar wires of nickel and iron contrasted.

Summary.

^N.B.—Some results previously obtained with iron wire are also given here

for convenience of contrast and reference.]

1. Soft nickel wire heated to a bright cherry-red heat when loaded at

the rate of lO'^ grammes per sq. em. has its rigidity increased about 6 per

cent., and its electrical conductivity decreased 8-8 per cent.

Soft iron wire when treated in the same way has its rigidity increased 1-8 per cent.,

and its electrical conductivity decreased 2-1 per cent.
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2. With nickel, beyond a certain value of longitudinal magnetic field,

the twist increases with the load on the wire.

With iron, in all fields, the twist decreases \\'ith the load.

3. With nickel, the longitudinal magnetic field in wliich the maximum
twist occurs is independent of the hardness of the wire, but is different for

different loads.

"Witli iron the magnetic field in which tlie maxiiQum t\7ist occurs is independent of

the load.

4. With nickel, the curves obtained witli differently loaded wires, cross

one another in definite longitudinal magnetic fields, whatever the liardness

or length of the wire.

With iron the curves never cross, whatever the load or length of the wire.

5. Witli nickel, the longitudiual magnetic field in which the maximum
twist occurs is independent of the length of the wire, the load being constant.

The same holds with iron wire.

6. With nickel, the twist is directly proportional to the length of the

wire.

The same holds with iron wire.

7. With nickel, the longitudinal magnetic field in which the maximum
twist occurs is independent of the current density in the wire.

"With iron it changes with the current density.

8. With nickel, the twist is directly proportional to the current density

in the wire, wliether with different currents through tlie same wire or the

same current through wires of different diameters.

The same holds with iron \\ire.

9. With nickel vsdres of different oross-sectional areas, the maximum twist

occurs in tlie same longitudinal magnetic field.

With iron the maximum twist takes place in different longitudiual magnetic fields.

10. With nickel, when the cross-sectional area of the wire is increased

4'3 tim«s, the increase in the twist is larger the greater the longitudinal

magnetic field: thus, in afield of 13 units, the twist is increased 12-6 per

cent. ; in a field of 30 units, 16-7 per cent. ; and in a field of 50 c.g.s.

units, 19'3 per cent.

With iron for the same increase in the cross-sectional area of the wire, the twist is

increased about 75 per cent, in a field of 14 c.g.s. units.

11. Wlien the soft wires of nickel and iron (of the same length,

diameter, and under the same longitudinal load) are tested under the same

conditions, the maximum twist for nickel (95 mm.) occurs in a longitudinal

magnetic field of 13 units, and the maximum twist for iron (40'5 mm.)

takes place in a field of 2'5 c.g.s. units.
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Note added Novi-mher, 1910.—In continuation of tliis work a fresh nickel

wire was prepared in the usual manner, to give the degree of magnetic

softness between Hj and Hj of the arbitrary scale used above, and was tested

when subjected to six different longitudinal loads, in longitudinal magnetic

fields up to 200 c.g.s. units. The current sent through the wire was at the

same rate as before, viz. 100 amperes per sq. cm. ; and it was found that the

relation between the longitudinal magnetic field in which the maximum
twist occurs, and the longitudinal load on the wire when it was being tested,

still follows very approximately the straight-line law ; but the maximum

twist attains its highest value when the load on the wire is at the rate of

4 X 10^ grammes per sq. cm., as shown in the following table :

—

Longitudinal load

on the -wire in

grammes per sq. cm.
Xl05.
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22. On the Value of Benzidine for the Detection of Minute Traces of Blood. By

E. J. McWeeney, m.a., m.d. (August 14, 1909.) Qd.

23. On the Fossil Hare of the Ossiferous Fissures of Ightham, Kent, and on the

Recent Hares of the Lejms variabilis Group. By Martin A. C. Hinion.

(Plate XV.) (September 8, 1909.) Is. 6d.

2'1. Some Observations of Dew at Kimberley. By J. R. Sutton, m.a., sc.d.

(January 15, 1910) 6f/.

25. On Osmotic Pressure in Plants ; and on a Thermo-Electric Method of

Determining Freezing-Points. By Henry H. Dixon, sc.d., f.r.s., and

W. R. Gelston Atkins, m.a. (February 28, 1910.) Is. 6d.

26. Permanent Steel Magnets. By W. Brown, b.sc. (February 21, 1910.) 6d.

27. Some Variations in the Skeleton of the Domestic Horse and their Significance.

By Major F. Eassie, d.s.o. (Plates XVI.-XX.) (March 8, 1910.) Is.

28. The Inheritance of Coat Colour in Horses. By James Wilson, m.a., b.sc

(April, 1910.) Is.

29. Chrome Steel Permanent Magnets. By W. Brown, b.sc. (April, 1910.) Gd.

30. On the Distribution of Mean Annual Rainfall and average number of Rain

Days per year over an area including the counties of Dublin, Wicldow,

Kildare, and Meath : A Study in Local Variation of Rainfall. By William

J. Lyons, b.a., a.r.c.sc (Lond.). (Plate XXL : Map.) (May, 1910.) Is.

31. The Vapour-Pressures, Specific Volumes, Heats of Vaporisation, and Critical

Constants of Thirty Pure Substances. By Sydney Young, d.sc, f.e.s.

(June, 1910.) 3s.

32. A Simple Form of Open-Scale Isothermal Air Barometer. By W. F.

Bakbett, f.r.s. (May 19, 1910.) Gd.

33. Agricultural Seeds and their Weed Impurities : A Source of Ireland's Alien

Flora. By T. Johnson, d.sc, f.l.s., and Miss R. Hensman. (Plates

XXIL, XXIII.) (July, 1910.) Is.

34. Cryoscopio Determination of the Osmotic Pressures of some Plant Organs.

By W. R. Gelston Atkins, m.a. (June 80, 1910.) 6(?.

85. The Separate Inheritance of Quantity and Quality in Cows' Milk. By
James Wilson, m.a., b.sc (July 29, 1910.) Gd.

36. Mechanical Stress and Magnetisation of Iron : Part 3. By W. Brown, b.sc

(September, 1910.) Is.

37. Mechanical Stress and Magnetisation of Nickel : Part I. By W. Brown, b.sc.

(November, 1910.) Is.
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