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P E E F A C E 

I HAVE endeavoured to make each of the following 

68sa78 such as to give to an7 general reader a clear 

conception of the questions at i83ue in connection 

with the respective subjects, but have given 

references to works in which the7 are treated more 

in detail for those who ma7 desire fuller explana

tions. 

The chemical 6S8a7 treats of what is certainty 

the most fundamental question in ph7sical 

philosoph7—namety, the question as to whether 

material atoms are indestructible or subject to 

natural transmutations; but those on ' Yis Inertise 

' and Momentum,' on ' Ocean Currents,' and on 

' The Spinning-Top ' directty bear on and explain 

the action of astral gravitation, which is the ques

tion of most immediate practical importance in 

natural philosoph7. 

The views advocated in these es8a7s are a 

natural development of the Newtonian laws of 

gravitation. 

In connection with the revolving force of 

gravitation, I have to correct, or, I should rather 
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sa7, to make accurate, the ratio of its action at 

different distances given in m 7 hitherto pubhshed 

works. As that action depends on the excess b7 

which the force of the nearer exceeds that of the 

remoter half of an7 rotating sphere, and as I 

found this, when (in the 7ear 1870 or 1869) I 

calculated it for the orbits of the planets, to be 

approximatety as the cubes of their distances from 

the sun,̂  I inferred that, to be quite accurate, this 

ratio must be calculated from the centre of gravit7 

of the nearer hemisphere (the precise position of 

which we have no means of ascertaining). I 

chanced, however, recentty, when dealing with a 

quite different question, to notice that the above 

ratio is accurate if calculated from the centre of the 

rotating sphere, and that I have, therefore, been 

mistaken in supposing it to be necessar7 to find 

the position of the centre of gravit7 of a hemi

sphere before being able to give, for the revolving 

force, calculations as mathematicalty accurate as 

those for the direct force. Granting that there is 

mathematical accurac7 in treating the direct force 

as inversety as the square of the distance from the 

centre of the sphere, there is equal accurac7 in 

treating the revolving force as inversety as the cube 

of the distance from that same point. 

In a review of Todhunter's ' Hi8tor7 of the 

' Mathematical Theories of Attraction and the 

^ The Ocean, p, 82, 2nd edition. 
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' Figure of the Earth,' Lord Ra7leigh sa7S 

Maclaurin proved conclusivety that the oblate 

spheroid form gives conditions of equilibrium if 

the Earth be considered as a fluid mass rotating; ̂  

and I presume that mathematicians are in agree

ment on that point. I have not suf&cient know

ledge of mathematics to form an opinion regarding 

it, and am content to accept their conclusions. 

It is, however, one thing to prove that a certain 

shape would give equilibrium, and quite another 

thing to prove that the Earth could under the 

conditions treated b7 Maclaurin get precisety the. 

shape 80 required. The latter appears the more 

important question in natural philo3oph7; and, 

without the abstruse mathematics required b7 

Maclaurin for his purpose, I have, in Proposition 

XXYIL, book X., of ' The Ocean,' 2nd edition, given 

a simple mathematical demonstration to the efiect 

that a fluid Earth, or an ocean covering the Earth, 

could not attain a form of equilibrium under the 

supposed conditions. The rotation of the Earth 

incessantty thwarts an incessant effort of gravi

tation to create that equilibrium. I have m7self 

used the term ' equilibrium ' in the above Proposi

tion, but not in the sense intended b7 Newton and 

Maclaurin. The7 suppose an equilibrium in which 

the fluid can rest, but I have shown that the same 

circulation which changes the form from a sphere 

^ Scientific Panpers by John WilUam Strutt, Baron Bayleigh, i. 
198 (1809). Bepublished from The Academy 1874, p. 170. 
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to an oblate spheroid is continuousty necessar7 for 

the maintenance of the oblate spheroid. Whilst 

the change is in progress there is an excess of 

motion in one direction which becomes equalised; 

but the form then attained cannot be more than a 

close approximation to the oblate spheroid which 

Maclaurin shows to give mathematical equilibrium, 

presuming not onty his mathematics but also the 

data on which the7 are based to be correct. 

Todhunter sa7S (p. 196, vol. i.) : ' W e can show 

' clearty that certain conditions must hold for equili-

' brium; but it is not quite obvious that if these 

' conditions are satisfied there will be equilibrium.' 

Whilst thl^ Glos8ar7 at the end of this book 

has been with the printers, the strange absence of 

argument, or explanation, on Eankine's part in 

taking the accelerative force of gravit7 as the 

gravitation equivalent of energ7, as shown at the 

foot of page 188, led m e to think that he might 

perhaps have adopted it in some matter-of-course 

manner from Joule's mechanical equivalent of heat. 

Joule's law, roughty stated, is to the effect that the 

quantit7 of heat requisite to raise the temperature 

of one pound of water one degree Eahrenheit, is 

equivalent to a quantit7 of mechanical force suffi

cient to lift a weight of 772 pounds one foot, or to 

lift one pound 772 feet. Though I do not find 

Eankine's equivalent to have been expressty in

tended to be based on Joule's law, the erroneous-
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ness of his adoption of 32'2 foot-pounds as the 

gravitation equivalent of energ7 is made clearty 

apparent b7 Lord Kelvin's statement that Joule's 

equivalent of heat is '772 times the amount of 

' work required to overcome a force equal to the 

' weight of one pound through a space of one 

' foot.' ̂  The argument I have given in connection 

•v̂ ith diagrams 32 and 33 shows that the force 

which lifts the one pound weight 772 feet is 1,544 

times greater than the force of gravit7, or weight, 

which causes it to fall one foot; because the force 

which lifts one pound a height of 16'1 feet in one 

second is equivalent to twice the force of gravit7 

which constitutes the weight of one pound. The 

error is not in the statement of Joule's law, nor in 

Lord Kelvin's explanation given above, provided it 

be recognised that the gravit7 equivalent of force 

is the space through which gravit7 moves a bod7, 

not that through which it is moved against gravit7; 

so that the force which lifts one pound 16'1 feet is 

two gravit7 pounds of 16*1 poundals each, not one 

pound of 32-2 poundals. Lord Kelvin's statement 

given above, which was made about the time when 

Eankine's mistake originated, seems to show that 

the error made b7 Eankine consists in his having 

treated the space traversed against gravit7 as its 

measure, and having then apphed to the facts stated 

^ On the Origin amd Transformations of Motive Power. Lecture 
by Professor William Thomson, now Lord Kelvin, Boyal Inslituiion 
Proceedvnga, 1856, p. 201. 
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b7 Joule and Lord Kelvin the measure of one 

gravit7 pound, consisting of the 32-2 poundals, which 

represent the accelerative force of gravit7, and also 

truty represent the poundals of work done against 

gravit7, but constitute a force equivalent to a weight 

of two pounds. At an7 rate, whatever ma7 be the 

manner in which the error has been made, it 

intrinsicalty consists (as shown in the Glossar7, 

pages 184 to 189) in the fact that the two gravit7 

pounds requisite to hft a pound weight 16T feet 

have virtualty been treated in gravitation measure 

as one gravit7 pound, though the latter term has 

not, as far as I know, been made use of. Neither 

the term nor its true quantit7 seems to have 

obtained recognition. A true pound of force is, in 

fact, a gravit7 pound, whereas the pound of gravi

tation measure is two pounds of force. 

Though I do not find that Joule expressty sa7S 

so, he seems to have taken it for granted that 

because the force with which a pound weight strikes 

the ground when dropped from a height of 772 feet 

is equivalent to the force requisite to project it to 

a height of 772 feet, the falling force is therefore 

equivalent to the lifting force ; and he would there

fore see no reason to object to Eankine's equivalent 

of energ7. I venture with confidence to sa7 that, 

as a question of pure theor7, granting that forces 

are as the quantities of motion the7 cause, 772 feet 

ma7 be taken as the measure of the force which 

causes the weight to fall that distance. The force 
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which has to project the weight upwards is not 

acting on the weight whilst it is falling, but has to 

do its work against the alread7 existing force which 

causes the 772 feet of downward motion. If that 

downward force were removed, then the same 

quantity of force would carry the weight 772 feet 

upwards, but, as there is no such removal, double 

the quantit7 of work has to be done, and double 

the force is requisite to do it. Though this latter 

view is, I sa7, intrinsicaU7 the doctrine of Newton's 

Second and Third Laws of Motion, Joule's idea to 

the effect that the two apparent motions of 772 feet 

are effects of equivalent forces seems to be due to 

statements made b7 Newton, to which I have 

alluded on page 183, Art. Astral Gravitation, to the 

effect that opposing forces ' destro7' each other; 

but I have repeatedl7 argued to the effect that those 

casual statements are at variance with his own laws 

and demonstrations. Newton was at times drifted 

into such statements b7 the error in his First Law 

of Motion, which obliged him to ignore the trans

verse action of gravitation because it duplicates 

motion given b7 that law; and it obliged him to 

ignore the action of astral gravitation because it 

stops motion given b7 his Eirst Law. 

The pendulum serves to illustrate the above 

argument. Let the ball of the pendulum be one 

pound weight. That weight represents the force 

which causes it to fall 16-1 feet in one second ; and, 

forces being as the quantities of motion the7 cause 
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in an7 unit of time, the force measured in feet is 

16T foot-pounds of force. At the end of the second 

the velocit7 is no longer at the mean rate of 16*1 

feet per second, but is at the rate of 32-2 feet per 

second, which is equivalent to two pounds of force, 

and b7 the restraint of the rod it is directed upwards 

against the existing one pound of downward force, 

which does another 16*1 feet of downward motion 

in the next second whilst the upward force does 

32-2 feet of work upwards; the resulting hft of 

16T feet being the difference between the upward 

action of two pounds of force and the downward 

action of one pound of force. In the two seconds 

64'4 poundals, or four pounds of work, are done 

verticalty by the one pound weight, whether it be 

allowed to fall freety or be attached to the pendulum 

rod. The slight amount of friction at the point of 

suspension of a well-made pendulum in vacuo, 

would perhaps make the continuit7 of its motion 

differ almost imperceptibly from perpetual motion 

if gravitation did not resist the transverse motion. 

Nearly all the retardation of the pendulum in vacuo 

may, it seems to me, be considered due to the 

resistance of gravitation to the transverse motion, 

so that the impulse of a spring, or a weight, is 

required to maintain the transverse, and not the 

vertical motion. The work done by the spring to 

keep the pendulum going is in the earth's motion 

done by the transverse action of the sun's gravita

tion, which is the amount by which its gravitation 
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exceeds its gravity, as explained in the Glossary. 

The force of gravity acts with the same freedom 

on a pendulum in vacuo as on the moon, but the 

transverse action of the earth's gravitation cannot 

have effective action on the pendulum proportionate 

to that which is effective in the moon's orbital 

motion, because the point from which it is sus

pended is fixed in relation to the earth's surface ; 

and therefore in order to maintain the amplitude of 

the vibrations of a pendulum in vacuo, and thus 

perpetuate its motion, it seems to m e that a force 

must be artificiaU7 supplied equivalent to the 

difference between the gravit7 and the gravitation 

of the earth added to the force of friction at the 

point of suspension. 

To illustrate Joule's equivalent in accordance 

with the arguments of the annexed Glossar7: 96 

pounds of impressed force do 1,545-6 foot-pounds 

(or poundals) of work, and if the force be impressed 

verticaU7 upwards against gravit7 (see diagram 33) 

will lift one pound 772'8feet (approximatety Joule's 

equivalent) ; because whilst the impressed force is 

doing 96 pounds of work, gravit7 does 48 pounds of 

work. An7 portion of work which ma7 be done b7 

an7 impressed force against gravit7, either upwards 

or downwards, is potential energ7 at the moment of 

the impressed force being expended, and then 

becomes effective in a rebounding or a heat-produc

ing action of gravit7. Ever7 falling motion caused 

b7 gravity is a rebound from the action of impressed 
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force as truly as the rebound of a spring on being 

released from the bending force. 

Of course, as a measure, the pound of 32'2 

poundals serves its purpose just as any arbitrary 

measure would do, provided all calculations take 

into account the fact that the force of gravity is 

really only half the quantity which the measure 

declares it to be; and that is, in practice, done by 

halving the true quantity of energy dealt with, 

though I do not find that those who halve the force 

in that manner have clearly recognised the reason 

why they are practically compelled to do so. 

W m . Leighton Joedan. 

25 Jbemyn Steeet, S.W 
August 28, 1900. 
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FIB ST ESSAY 

OCEAN CUEEENTS 

PABT I. INTEODUCTOEY 

Eecent discussions and opinions regarding the 

general course of the circulation of the ocean and 

the causes of the main features of that circulation 

make it expedient for m e to ofier some comments 

on the present position of the subject in such a 

manner that the arguments which are the basis of 

this essay may be independent of them; and, 

therefore, any reader who desires to obtain a 

general knowledge of the subject can omit this 

introductory part and consider the second part 

as complete in itself. It will be seen that one 

reason for this division is that there is some 

uncertainty as to the manner in which some of 

the ' Challenger ' records of temperature should be 

treated, and I therefore refrain from allowing the 

main arguments of the essay to depend on such 

disputed data; but where the evidence of those 
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records is undisputed I have freely used it in the 

second part. 

In the year 1866 I submitted to the Council of 

the Eoyal Geographical Society a paper showing 

horizontal and vertical sections of a general 

S7stem of oceanic circulation which, according to 

the arguments of that paper, the earth's axial 

rotation tends to cause by creating a conflicting 

action of gravitation ; the earth's force tending to 

carry the water along with the earth's rotation, 

and all surrounding forces of gravitation tending 

to retard that motion. The Council, however, 

replied to the eifect that the said sections showed 

that m y theoretical views required the existence of 

a vertical circulation which had no actual exist

ence. The main point was that I showed a 

conflicting action of gravitation to be constantly 

drawing the water, not only eastwards, but also 

downwards, throughout both of the temperate 

zones, and upwards at the poles and along the 

equator. It was urged that by such a circulation 

the great diversities of temperature in juxta

position on the surface in the temperate zones 

would be carried down into the lower strata; 

whereas it was asserted to be well known that no 

such diversity existed in the under strata. It had 

long been known that fresh water is heavier at 

about 39° F. than at any other temperature; and 

it was supposed by most of the leading authorities 

on the subject that this lieavTj temperature per-
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vaded all the deep parts of the ocean,^ the colder 

surface water of the polar regions and the warmer 

surface water of the equatorial regions floating 

over the heavier water of the intermediate 

temperature. This opinion, which prevailed in 

1866, ignored, on the one hand, observations which 

had sho~vMi the existence of much colder water in 

deep parts of the ocean, and on the other hand 

it also ignored the fact that experiments, more 

recent than the fresh-water experiments above 

aUuded to, had shown that sea water has not a 

maximum density at 39° ¥., but continues to 

contract and increase in density down to its 

freezing-point.-

Investigations made by expeditions sent out by 

the Admiralty during the years 1868 to 1872 

completely swept away the above idea regarding 

the distribution of temperature, as water north

west of the British Isles was found to decrease 

from about 50° F. on the surface to about 31° F. 

at the bottom of the ocean; ̂  the water of the 

supposed heaviest temperature being found between 

what had been supposed to be the two opposite 

lighter temperatures. This confirmed the accuracy 

of older observations and experiments, to which 

sufficient importance had not been previously 

attached. It continued, however, to be insisted 

^ The Depths of the Sea, by C. "Wyville Thomson, 2nd edition, 
1874, p. 57. 

= Ibid. pp. 802, 304, 307. ' Ibid. pp. 81, 310. 

B 2 
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that the circulation could not carry streams of 

relatively w a r m water below colder water, as said 

to be required by m y above-mentioned sections; 

and the ' Challenger' expedition was therefore 

sent out in 1872 provided only with thermometers 

which were not supposed to be able to register 

alternations of fall and rise of temperature in 

vertical planes corresponding to the alternations 

found in horizontal planes. The chief of the 

scientific staS of that expedition had, in 1872, 

given his opinion in the words : ' It m a y certainly 

' be taken as the rule for all latitudes that, if w e 

' disregard the film which is afiected by diurnal 

' alterations, the temperature sinks from the surface 

' tp the bottom.' ̂  Sir Wyville Thomson was doubt

less more strongly confirmed in this opinion on 

having ascertained that the coldest is also the 

heaviest temperature in sea water of otherwise 

the same specific gravity. For this reason the 

extra expense and trouble of thermometers ar

ranged for recording alternations at intermediate 

depths were considered unnecessary. This seemed 

to out ofi one of the most interesting directions 

in which I had hoped that confirmation of m y 

sections might be obtained. W h e n the expedition 

had made considerable progress it was found that 

the thermometers, though not designed for the 

purpose, were in fact indicating alternations of 

' The Depths of the Sea, by C. Wyville Thomson, 2nd edition, 
1874, p. 300. 
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temperature, and special thermometers were then 

ordered; the latter were, however, either in conse

quence of imperfect mechanism or inconvenience 

of diverting from other work the necessary trouble 

and attention required by them, of no use; and 

records which had shown, or afterwards continued 

to show, alternations of temperature were ' corrected' 

in an arbitrary manner to temperatures inter

mediate between those of the thermometers above 

and below the ' discrepancy.' I do not think the 

records ought to have been ' corrected' in such a 

manner; and, even granting that course to have 

been justifiable, such treatment of the records 

ought to have been clearly explained, and the 

actual record published in the first instance. But 

instead of this being done, those ' corrected' 

records were published, in Admiralty Eeports from 

1875 onwards, as temperatures obtained from the 

thermometers, thus giving a very erroneous idea of 

the investigations. It was not until the year 1884 

that the true record of temperatures obtained by 

the thermometer was published, showing the 

character of the ' corrections' which had been 

made on board the ' Challenger.' And it was not 

until some years afterwards that I chanced to look 

over the full records without expecting to find 

anything intrinsicalty different from what I had 

previousty received from the Admiralty, but found 

a profusion of evidence of which I give the follow

ing specimens. 
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First.—The ' Challenger ' steamed eastwards in 

the North Pacific from the coast of Japan for about 

3,000 miles, and through seventeen consecutive 

soundings, extending east and west, the ther

mometer shows a break in the fall of temperature 

commencing at a depth of about 300 fathoms below 

the surface of the warm Japan current, and 

gradually falhng in a waving line until the rise of 

temperature is shown quite at the bottom of the 

ocean. This alternation of temperature thus 

starts from near the surface where the warm waters 

of the Japan current interlace on the surface with 

the cold Arctic current, and falls in an easterly 

direction, at first rapidly and then in a waving line 

until, 3,000 miles to the east, the warmer streak of 

water is spread along the very bottom of the ocean. 

It is thus mere matter of fact that the ' Challenger ' 

thermometers show an alternation of relatively 

warm water under a layer of colder water extending 

for a distance of 3,000 miles, exactly as it was in

sisted ought to exist according to m y sections of the 

circulation. There is also a similar alternation at 

a lesser depth, starting from the same locality, at a 

depth of 175 fathoms and shown by every sounding 

for 700 miles, in which distance it sinks down to 

800 fathoms. But this evidence was all blotted 

out on board the ' Challenger' by changing the 

figures all along those lines in such a manner as to 

make the records show higher temperatures at the 

lesser than at the greater depths. 
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The annexed Table I. (folded at the end of the 

book) shows all the temperatures for the first 1,500 

miles from Japan, at which distance the warm streak, 

commencing at 300 fathoms depth in the Japan 

current on the west side, appears to reach the 

bottom of the ocean. Six out of the next nine 

soundings, extending over a further distance of 

1,500 miles eastward beyond those given in the 

table, show a warmer temperature at the bottom of 

the ocean than some distance above, as in the last 

column of the table annexed. Higher up there is 

a confused alternation of temperatures due to the 

meeting of vast mid-ocean streams from the south 

and north, which are explained in the second part 

of this article ; but the lower streak is connected 

through all the twenty-six soundings for the 3,000 

miles. In three intermediate soundings it rises 

again after reaching the bottom, leaving the coldest 

water in that position, as indicated by the sections 

attached to the chart in ' The Ocean,' and this 

phenomenon will doubtless be found in each of the 

oceans. 

It must, I think, be admitted that discrepancies 

for varying sluggishness or other action of the 

difierent thermometers, and for inaccurate adjust

ment or reading from the scales attached to them, 

are doubtlessly scattered throughout the records, 

as is made evident in the sounding 700 miles from 

Japan. It will, however, be seen that in the last 

four columns of the annexed Table I. there is no 
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\n î  
C-
fvi 
CO 
c-
CO 
la 
i> 

lO t̂  
It-
•̂  
CO 

CO 
CO 
lO 
CO 
00 
lO 

: 

o CD 

^ 
^ 

"̂  1 
•̂  

i£5 
t^ ' 

t̂  
t* 
lO 
to 
l̂  
CO 
© 
c-
t. 
OO 
l̂' 

vo 
I--

-+< 
l̂  
o 
CO 
t* 

t-' 
!>• 
(M 
CO 
iO 
CO 
M 
lO 
tN 
>o 
lO 

O >-
t- 1 

1 

lO 
CO 

00 
CO 
t̂  

CO 
t-
•-* 
o 
I-

lO 

00 
kO 
t-

^ 
t-

CO 
CO 

»Ci 

i-H 
t-

. o 
1 oa 
' iCi 
1 w 
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alternation of faU and rise shown in 1,200 fathoms 

of depth ; but it seems impossible to suppose that 

such errors as above alluded to do not exist in those 

records as well as in those of the next nine 

soundings, and the fact is that in each of those 

nine soundings alternations are shown and occur 

in most of them two or three times, making in all 

twenty alternations in the nine soundings, without 

counting the nine alternations which form the 

connected line at the lower depth. If such errors 

were all in one direction the state of the tempera

tures might be masked, but, as they cannot well be 

so, a more or less contorted shadow of the existing 

alternations is given. 

Secondly. — In the temperate zone of the 

South Pacific, between the latitudes of 28° and 40° 

S., at seventeen consecutive stations the thermo

meters showed a constant fall of temperature 

through the first 100 fathoms in every instance. 

And they also showed a similar fall of temperature 

in the temperate zone of the North Pacific, 

between latitudes 20° and 38° N., through the 

same depth, in every instance at nine consecutive 

stations. But in the intervening equatorial 

regions, between latitudes 12° N. and 18° S., at 

fourteen consecutive stations an alternation of fall 

and rise was shown in every instance within that 

same depth, as shown by the annexed Table XL 

For instance, on Sept. 17 (16° S.) the observed 

temperatures were 75° F. at 40 fathoms and 76-2° 
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at 50 fathoms; and next day (17° S.) they were 

76-8° at 40 fathoms and 77-2° at 50 fathoms. But 

in the Preliminary Eeport the figures are altered 

and declared to be, on September 17, 77° at 40 

fathoms and 76-3° at 50 fathoms ; and on Sep

tember 18, 77-3° at 40 fathoms and 77-1° at 50 

fathoms. Every one of the fourteen records is 

altered in the same manner as those two. I say 

that the manner in which each of the above 

fourteen soundings was corroborated by the other 

thirteen as regards showing the alternation of fall 

and rise of temperature is strong evidence that 

there really is such an alternation in the locality 

in which those fourteen soundings were made ; and 

that it is not right that such phenomena should 

be ignored, as they have been throughout the 

' Challenger' narrative, without better reason for 

so doing being given than has hitherto appeared. 

The cold water thrust upwards into the warm 

water along the equator tends to create such a 

confusion of temperatures as shown by the 

thermometers in that region. 

In most of the above soundings in the 

temperate zones the temperatures are taken at 

intervals of 25 instead of 10 fathoms, at which 

they are taken in the equatorial regions ; and 

this of course makes any existing rise of tempera

ture more likely to be discovered in the latter 

regions; but, in fact, in those fourteen equa

torial soundings there are fourteen records which 
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show a temperature warmer than 20 fathoms 

higher up. One of these shows the warmer 

water 70 fathoms below the colder water, two 

others show it 40 fathoms below, and two more 

at 30 fathoms below. The horizontal differences 

also show the intrusion of the cold water, which 

causes the above confusion of temperatures. 

For instance, at about 6° N. there is at a depth of 

80 fathoms o'2° F. in juxtaposition with 73° F.; 

and at about 8° X. there is at a depth of 50 

fathoms 55° F. in juxtaposition with 74° F. In 

latitude 7° N. the temperature falls 30° F. in the 

first 90 fathoms, whilst in latitude 7° S. the fall 

of temperature in the same depth is less than 

6° F. These acknowledged differences all tend to 

confirm the vertical alternations shown by the 

thermometers, which I venture to think have been 

erroneously treated as errors. There doubtless are 

some errors among the observations, but, broadly 

considered, for all parts of the ocean it seems 

impossible to regard them otherwise than as caused 

by real alternations of temperature. 

Thirdly.—In the North Pacific Ocean, in the 

Japan Current, latitude 34° N., longitude 140° E., 

the following temperatures were shown by the 

thermometers:— 

At 125 fathoms, 54f F. 

„ 150 „ 641° F. 

And in a corresponding position in the Gulf 
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Stream in the North Atlantic, latitude 34° N., 

longitude 67° W . :— 

At 125 fathoms, 45° F. 

„ 150 „ 63-1° F. 

„ 200 „ 641° F. 

Also at latitude 37° N., longitude 71° W . :— 

At 550 fathoms, 35^" F. 

„ 800 „ 45° F. 

The above temperatures were changed on board 

the ' Challenger' in such a manner as to show the 

higher temperatures uppermost. I feel sure that 

but for the untimely deaths of the two principal 

leaders of the Admiralty expeditions they could 

not have continued to refrain from perceiving that 

the ' Challenger' thermometers had distinctly 

declared against their side of the controversy; and 

I do not see that the disaster of their loss should 

be a reason for the disaster of leaving the truth 

unacknowledged. 

Out of 260 serial soundings, of which details 

are given in the Eeport published in 1884, 163 show 

an increase of temperature with an increase of depth, 

which had in most cases in the previous reports been 

recorded as a decrease, and in some instances left 

unreported. Some of those 163 serial soundings 

show alternations of fall and rise of temperature 

three or four times between the surface and bottom 

of the ocean. I do not object to the staff of the 

' Challenger' expedition publishing to the world 
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the temperatures which they think their thermo

meters ought to have recorded; but I say that 

they ought to have frankly stated that such 

records did not give the ' temperature obtained by 

' the thermometer,' but that which, in their opinion, 

the thermometer ought to have given. 

The foregoing evidence obviously suggests the 

question as to how it comes to pass that thermo

meters which were not supposed to be able to 

record alternations of temperature intermediate 

between the maximum and minimum temperatures 

passed through actually have furnished such 

records. This seems to be explained by experi

ments made by Commander Beardslie, U.S.N., 

with the ' Challenger ' thermometers in an ice-

bath of the temperature of 32^° F., m which a 

standard thermometer fell from a temperature of 

70° to that of 32-1° j^ one case in 20 seconds, and 

in another casein 40 seconds; and the ' Challen-

' ger ' thermometer took in the latter case 25 

minutes to fall to only 35"1°, and in the former 14 

minutes to fall to only 35°.̂  This seems to show 

that a ' Challenger' thermometer might pass 

through a cold stratum of water without record

ing it, whilst another higher up on the sounding 

line, chancing to rest in the cold stratum, would 

record it. 

It may, of course, be taken for granted that 

' Deep-sea Sovmdings, by Charles D. Sigsbie, U.S.N., Washington, 
1880, p. 114. 
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those who treated the observed temperatures as 

above pointed out did so in good faith, really 

supposing that they were substituting for errors of 

the thermometers the true temperatures of the 

water. But it is, I think, to be regretted that m y 

inquiries have so far failed to elicit an answer as 

to whether the scientific staff of the expedition 

still think that the observations as altered by them 

for the preliminary reports give, generally speak

ing, a more correct idea of the existing distribution 

of temperature than is given by the observed 

temperatures. It seems necessary to suppose that 

they do still think that there is the constant fall 

of temperature, as they have not done anything 

towards modifying the opinions expressed to that 

effect, and the sections in the diagrams throughout 

the ' Challenger' volumes show, excepting in the 

polar regions, a constant fall of temperature from 

the surface to the bottom all over the ocean, thus 

ignoring what will perhaps hereafter be considered 

one of the grandest results of the explorations. 

In the annexed Table III. (folded at the end of the 

book) I have collected together, on theleft-hand side, 

all the deep-sea reeords obtained by the ' Gazelle ' ̂  

expedition in the South Atlantic between the equa

tor and 7° S.; and, on the right-hand side, those 

obtained by the same expedition in the western basin 

of the South Atlantic south of the above-mentioned 

parallel of latitude. It will be seen that in the 

' Die Forschungreise S.M.S. ' Qazelle,' Berlin, 1888, ii. 44, 
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former region not one of the serial soundings shows 

any of the so-called ' mistakes.' Bach sounding in 

that region shows a constant fall of temperature 

from the surface. But in the more southerly part 

of the western basin every one of the eight sound

ings taken in that region shows an alternation of 

fall and rise of temperature between 500 and 1,200 

fathoms. In one of those soundings three records 

at 500, 600, and 700 fathoms respectively each 

show a colder temperature than any of the four 

deeper records at 800, 900,1,000, and 1,200 fathoms. 

It seems scarcely possible that the different results 

of the records in the two regions can be entirely due 

to accidental mistakes. At any rate, the difference 

between the two regions in Table III. tends to 

confirm the argument I have given above to the 

effect that the alternations of rise and fall of tem

perature shown by the ' Challenger ' thermometers 

have erroneously been indiscriminately treated as 

mistakes. 

The most popular theory of ocean currents was 

for a long time that which attributes them chiefly 

to differences of specific gravity; but as a result of 

the ' Challenger' explorations the chief of the 

expedition, Sir Wyville Thomson, in his 'Eeport 

to the Admiralty,' dated December 5, 1875, says : 

' I have never seen, whether in the Atlantic, the 

' Southern Sea, or the Pacific, the slightest ground 

' for supposing that such a thing exists as a general 

'vertical circulation of the water of the ocean 
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' depending upon difference of specific gravity.' In 

view of that authoritative statement I do not think 

it necessary in this paper to discuss the general 

merits of that theory with so much attention as 

those under which the action of the winds is now 

more plausibly advocated as the principal cause of 

ocean currents. As regards specific gravity, 

according to the records in the ' Challenger' 

' Summary of Eesults,' the cold water shown in Table 

II. (p. 8) rising at 100 fathoms in latitudes 7° to 

11° N. is heavier than the nearest warmer water on 

each side for which specific gravity is recorded, even 

when reduced to the same temperature; and there

fore in situ the cold water must be decidedly the 

heavier. In some other parts of the ocean cold 

water rising from the lower strata is lighter than 

the warm water through which it rises. This con

fused distribution of specific gravities tends to 

confirm the argument of the seventeenth chapter 

of ' The Ocean,' to the effect that by the action of 

the earth's rotation all portions of the waters of 

the ocean are in their turn alternately exposed to 

the heat of equatorial and the cold of polar regions, 

so that the differences of specific gravity do not 

become sufficient to give them any important 

current-creating action. The current-creating 

action of the earth's rotation is quicker, and does 

not give that which would otherwise result from 

differences of specific gravity time to become 

effective. 
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The differences of absolute specific gravity in 

large masses of water in different parts of the great 

oceans is equivalent to a weight of about four 

grains in each 1,000 grains,̂  but, as it is the warm 

water which generally has the greatest absolute 

density, the actual difference in the ocean is gene

rally reduced; and wherever a low absolute specific 

gravity of surface water is further reduced in the 

ocean by high temperature, it cannot have any 

direct tendency to cause a vertical circulation, but 

must rather tend to continue floating on the 

surface of the heavier water. 

In Table I. (end of book) the discrepancies in the 

middle of the fourth column might at first sight be 

confidently treated as errors. But as the specific 

gravity records show the water in that column at 

300 fathoms to be heavier than at 100 fathoms 

both above and below that depth, it seems not 

improbable that there may be alternations of tem

perature as well as of specific gravity in that 

locality, and that the discrepancies between 

thermometers at the same depth may be due to 

some of them being slower than others in changing 

with the alternations of temperature. 

Specific gravities are not recorded for the depths 

of 125 and 150 fathoms in the first column of 

Table I., where an important alternation of tempera

ture occurs ; nor for the corresponding position in 

1 J. T. Buchanan, ' Challenger ' Beports, ' Physics and Chemistry,' 
i. part ii. 1. 
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the Gulf Stream of the Atlantic, where a similar 

alternation of temperature is recorded. 

PAET II. FACTS AND CAUSES 

One of the most important features of the oceanic 

circulation caused by the earth's axial rotation is 

the motion downwards and eastwards along the 

two temperate zones. This movement is supplied 

by water rising and moving westwards along the 

equatorial regions and in each of the polar regions, 

and then curving eastwards as it leaves each of 

those regions to join the downward motion of the 

temperate zones, from which it diverges in the 

under strata with an eastward drift towards the 

polar regions and a westward drift towards the 

equatorial regions. Excepting counter-currents, 

which will be presently considered, the foregoing 

is the course of circulation which the earth's 

rotation tends to cause.-' 

^ The mathematical demonstrations of the theory of the above 
action are given in Propositions XXV., XXVII., X., and XI., of The 
Ocean: its Tides and Currents ojnd their Causes, 2nd edition, 
Longmans, 1885. 

M y contention has been that vis inertise is incessantly endeavour
ing to restore an equilibrium as incessantly disturbed by the motive 
force which causes the earth to rotate, so that under the action of 
those forces the ocean can never be in a state of equilibrium. I did 
not until just now know that Todhunter points out that mathemati
cians have never demonstrated any manner in which gravitation and 
centrifuga.1 force combine to produce equilibrium on the surface of a 
fluid ellipsoid of rotation, though its existence has been taken for 
granted, and the action of the forces producing it svipposed to be 
demonstrated. I think the opinion given by Todhunter, p. 196, 



OCEAN CUEEENTS 19 

The motions eastAvards in the temperate zones 

and westwards in the equatorial regions are in 

both cases very clearly marked, as the prevailing 

winds in each region tend to give those directions 

to the water, or, to say the least, do not tend in 

those localities to obliterate the true course of the 

circulation by creating a contrary surface drift; 

and the existence of those features of the circula

tion has long been recognised by all who have 

studied the subject. 

The sinking of the water along the temperate 

zones, which is in theory quite as important as the 

horizontal motion, has until recently held a very 

different position as regards our knowledge of the 

subject, and the supposition that no such general 

downward motion in those zones existed was, in 

the year 1866, used as an argument to the effect 

that the theory which required such a motion 

could not be correct. The explorations by the 

' Challenger,' the ' Tuscarora,' the ' Gazelle,' and 

others, all, however, accord in establishing the fact 

that the water sinks in the temperate zones and 

rises along the equatorial regions. 

The temperatures shown by the ' Challenger' 

sections at 100 fathoms below the surface, in mid-

ocean, are: 

vol. i., of his History of the Theories of Attraction, published in 1873, 
and in other parts of the same work, ought to allow m.ore considera
tion to be given to the simple demonstrations I have offered in m y 
above-mentioned work. It is a mistake to suppose that there exists 
any mathematical demonstration at variance with them. 

C 2 
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In the Atlantic, on the equator, 55° F. 

in latitude 20° N., 65° 

20° S., 62° 

In the Pacific, on the equator, 50° to 60° F. 

in latitude 20° N., 60° to 70° 

20° S., 65° to 72° 

In the Indian Ocean, on the equator, 56° to 60°F. 

in latitude 20° S., 65° to 70° 

„ 20° N., 

the diagram merely shows the temperature to be 

above 60° F., but at 200 fathoms it shows 52° on 

the equator and 56° in latitude 20° N. 

The section for 200 fathoms shows in the 

Atlantic all along the equator a temperature of 

about 47° F., whilst in mid-ocean it shows in 

latitude 35° N. 60° F., and in latitude 35° S. 

65° F. 

All those undisputed facts are, on the one hand, 

completely at variance with what was in the year 

1866 supposed to be the distribution of tempera

ture ; and, on the other hand, they clearly accord 

with the sections which I submitted to the Council 

of the Eoyal Geographical Society in that year. 

The eastward motion of the water as it sinks 

is shown by comparing sections at different depths. 

In the North Atlantic at the depth of 300 fathoms 

the warmest water, 63° F., is found about latitude 

30° N., longitude 62° W., which is in the tem

perate zone on the west side of the ocean; whereas 
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at the depth of 600 fathoms the warmest water, 

64° F., is found in latitude 38° N., longitude 

12° W., also in the temperate zone, but on the 

east side of the ocean. 

The above temperatures are all taken from 

Dr. Buchan's diagrams published with the 

' Challenger' Eeports.^ 

The surface motion from the polar regions to 

the temperate zones, supplied by water rising in 

the former and sinking in the latter, is shown 

throughout the Great Southern Ocean by the 

movements of icebergs and ice-floes, which drift 

north-westwards in the far south and then turn 

northwards and eastwards as they approach the 

temperate zone, where their northward course is 

stopped by the sinking of the water in which they 

float, and by the pressure of the water from 

the equatorial regions, which sinks together with 

the water which brings the ice from the south. 

The northward movement of the ice shows the 

great preponderance of the force by which it is 

impelled over that of the winds ; for the prevalent 

winds diverge along the surface of the ocean from 

the temperate zones towards the equator and the 

poles, so that the ice travels northwards through 

the latitudes in which the general course of the 

winds is from the north, and it then ceases its 

northward course as it enters the zone from which 

^ Scientific Besults of the Voyage of H.M.S. ' Challenger,' second 
part, 1895, Appendix. 
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the prevalent winds commence to blow from south 

to north. But for the sinking of the polar water in 

the temperate zones, Arctic and Antarctic icebergs 

would doubtless often meet in the equatorial 

regions. 

The configuration of land and water makes the 

phenomena of the circulation more complicated in 

the Arctic than in the Antarctic regions. In the 

latter regions the water has comparatively free 

access to converge from all directions and to flow 

north-westwards and curve round to a north

eastward course. But the continents around the 

Arctic Ocean have access from the temperate zone 

in two directions only; and, of those two open

ings, the one by Behring Strait is so narrow and 

shallow as to be unimportant as compared with 

the opening from the Atlantic, on the east side of 

which, off the coast of Norway, a vast mass of 

water is poured into the Arctic basin, deranging the 

normal circulation there, and then returning south 

on the west side of the ocean off the coasts of 

Greenland and Labrador. The drift south-west

wards along the surface may probably be found 

to prevail in the unexplored regions of the far 

north. It seems to have stopped the northward 

drift of the ' Fram' in about latitude 86° N. and 

turned it south-westwards. It impeded Parry's 

sledge journey in latitude 82"45° N. by carrying 

the ice south-westwards almost as fast as the 

sledges could be dragged northwards over it. It 
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creates a surface drift south-westwards from the 

western shores of Iceland, from the western 

shores of Greenland in Davis Strait, Baffin's 

Bay, and Smith's Sound; and from the western 

coast of Alaska south of Behring Strait. Those 

evidences tend to show that if the Arctic Ocean 

were completely land-locked the prevalent surface 

drift would be south-westwards ; and along the 

shores of the continent the ' course of the ice-

drift would therefore be from east to west; whereas 

that circulation is to a great extent reversed by the 

mass of water which is poured into the Arctic 

basin, chiefly by an undercurrent, from the western 

coast of Norway. Before the eastern extension of 

the Paleocrystic Sea was discovered by Nares, or 

the still greater extent of the Arctic Ocean by 

Nansen, the fact that waitn undercurrents from the 

i-forwegian coast traversed the Arctic Ocean was 

made evident by the warm water found about 

Herald Island and Wrangel Land, to the north of 

Behring Strait, and also by the eastward pressure 

of the ice in the channels of the North American 

coast. The preponderant mass of water poured in 

as an undercurrent from the Atlantic tends to rise 

against the northern shores of Asia and flow north

ward from thence, reversing the normal south-west 

drift. The accumulation of much older ice-floes 

off the American than off the Asiatic coast was at 

one time supposed to show that Greenland must 

extend to the pole and thus stop the free escape of 
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the ice eastwards ; but the normal surface pressure 

from the north-east, meeting what may be called 

the abnormal pressure of the water forced in from 

the east side of the North Atlantic, and drawn back 

on the west side, seems sufficiently to account for 

the accumulation of masses of ice in the Paleo

crystic Sea extending westwards from Smith's 

Sound towards Behring Strait. 

The surface water diverging from the equator 

with a direction first westwards and then curving 

eastwards shows the immense preponderance of 

the actual forces of oceanic circulation over the 

current-creating action of the winds; for in each 

ocean it flows first across and then right against 

the strongest parts of the trade winds. In the 

North Atlantic there are great quantities of the 

Sargasso seaweed floating on the surface of the 

water in the northern part of the trade-wind 

region ; but the surface current flowing north-west

wards from the equator and then turning north

wards and eastwards, passing on both sides of the 

Azores, drives back the floating weed, which would 

otherwise be drifted along with the wind down to 

the northern coast of Brazil and into the Caribbean 

Sea. Further evidence to the same effect is given 

by the fact that if, as has been asserted, the trade 

winds were the cause of the Gulf Stream, by 

driving the surface water into the Caribbean Sea 

and Gulf of Mexico, there would be some tendency 

of the water, thus heaped up in those seas 
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by the winds, to escape back as undercurrents 

as well as in the Gulf Stream; but, instead of this 

being the case, it has, on the contrary, been shown 

by the United States Coast Survey that there is 

less surface flow in the Caribbean Sea and Gulf of 

Mexico than from them ; and also Captain Maury's 

temperature charts clearly show the rising of water 

from cold undercurrents mixing with the warm 

surface water in the Caribbean Sea and also in the 

south-west and west central parts of the Gulf of 

Mexico. The cold undercurrent which enters the 

Caribbean Sea and Gulf of Mexico is part of the 

normal undercurrent of the ocean which corre

sponds with the normal undercurrent of the atmo

sphere which forms the trade winds. 

In the.South Atlantic, the island of St. Helena 

lies in the strongest line of the trade \Aind of 

that ocean, and it has long been known that sailing 

vessels easily beat to windward there ; ̂  which seems 

to m e to show that they are assisted by the oceanic 

flow, which bears them up against the wind in the 

same manner as in the central parts of the North 

Atlantic the similar surface flow assists vessels to 

beat northwards against the north-east trade wind.^ 

The warm water which flows past St. Helena sinks 

downwards when it reaches latitudes far south of 

that island. It was crossed by the ' Gazelle' 

' United States Exploring Expedition, by Charles Wilkes, U.S.N. 
London, 1845, v. 459. 

^ A n Investigation of the Currents of the Atlantic Ocean, by 
Major James Kennell, F.R.S., 1832, p. 115, 

file:///Aind
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about latitude 34° S., longitude 3° W.; and by 

the ' Challenger' about latitude 36° S., longitude 

6° to 10° E.; it is soon after this submerged by the 

cold Antarctic drift from the south-west; warm 

water eddies again to the surface a short distance 

south of the last-mentioned position, but is probably 

from part of the main stream submerged farther 

west; and the greater parts of both no doubt 

continue their course as an undercurrent partly 

eastwards and partly with an eastward drift to the 

far south. The pressure of this stream bears back 

the icebergs in the South Atlantic and bars the 

course by which they would otherwise wend their 

way to the Gulf of Guinea. Conditions similar to 

those met with at St. Helena are found in the 

trade-wind regions of each ocean. The trade 

winds converge towards the equator, but the 

surface water diverges, running across and against 

the winds in both directions. At the Sandwich 

Islands in the North Pacific, as at St. Helena in 

the South Atlantic, there is rarely any difficulty in 

beating to windward.^ Though both islands are 

in the trade winds, the ocean drift does not flow 

with the wind in either case. At the Society 

Islands, in the South Pacific, the trade wind is 

not so constant as at St. Helena and the Sandwich 

Islands. During a prevalence of calm weather 

the water has been known to form a rapid current 

setting to the southward.^ This seems to show 

^ Wilkes, U.S. Exploring Expedition, v. 476. ^ Ibid. iv. 276. 
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the normal current, unaffected by the wind. 

Where the trade wind blows against it the surface 

motion is not so apparent, but, as above shown, it 

does not appear generally to be reversed even where 

the trade winds blow most strongly and steadily. 

This same surface flow from the equator carries 

Avarm water southwards against the steadiest part 

of the trade ^̂ ind in the more easterly regions of 

the South Pacific. Some of this warm water was 

traversed by the ' Challenger ' about longitude 90° 

W., latitude 38° S. And in the steady part of 

the trade-wind regions to the north-east of that 

position through sixteen degrees of latitude 

Captain Lutke ̂  found no current; and Captain 

AVilkes ̂  experienced very little, and what little 

current existed was against rather than with the 

trade wind. In some localities the trade winds 

certainly do drive the surface water along with 

them ; but it seems to me, the fact that the sur

face water is not generally swept rapidly to leeward 

in those trade-wind regions is evidence of the 

existence of a cause for a surface flow in the 

opposite direction. Mr. Findlay, in commenting 

^ 'En latitude de 26° nous resumes un vent de S.E., qui passa 
insonsiblement 4 I'etat de veritable vent aliz6, et quimeme quelquefois 
souffla fraichement; mais tout cela ne produisit point de courant; 
pendant deux on trois jours diff̂ rens nous eumes un faible courant 
d'O. suivant le vent, et pendant autant de jours retoumant centre le 
vent. Dans le cours de oes deux semaines la difference entre la longi
tude estimee et chronometrique ne depassa pas 20', et il n'y en avait 
non plus aucune en latitude.'—Voyage a,utour du Monde, Frederic 
Lutke, ' Partie Nautique ' (Saint-Petersbourg, 1836), p. 186. 

^ U.S. Exploring Expedition, v. 471. 
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on these equatorial currents of the South Pacific, 

says : ' WTiy it is that the currents should be in 

' many cases quite imperceptible, or even flowing in 

' a contrary direction to that which all reasoning 

' and analogy drawn from known facts would 

' indicate, is a problem yet to be solved.' ̂  

The general tendency of cold undercurrents to 

rise in the neighbourhood of the equator in all the 

oceans makes the water in many places colder than 

a few degrees from the equator both north and 

south, as the water further from the equator has 

been longer on the surface and had more time to 

get warmed by the tropical sun. On the meridians 

of 150° to 160° W., about the middle of the Pacific 

Ocean, the water is usually colder for about three 

degrees on each side of the equator than in latitudes 

5° to 10° N. and 5° to 10° S. The temperatures 

recorded by the ' Challenger ' are :— 

On the equator 78° to 79-6° F. 

In latitude 5° to 10° N. 80° to 81-2° 

5° to 10° S. 80° to 80-7° 

The same phenomena occur in the central 

parts of the Atlantic. A temperature of 80° and 

upwards is there sometimes found at a distance of 

10° from the equator on both sides, when between 

latitude 10° N. and 10° S. the temperature is all 

less, and sometimes much less. In the Indian 

Ocean,-^art of the undercurrent from the south 

South Pacific Directory, p. 1124. 
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seems to pass the equator and rise along the 

north-western shores of the Arabian Sea, in 

consequence of not meeting at the equator a 

similar stream from the north, in much the same 

manner as part of the North Atlantic undercurrent 

which enters the Arctic Ocean flows on towards 

Behring Strait in consequence of not being met by 

an equal pressure from that direction. But most of 

the undercurrent evidently rises along the equator, 

making the phenomena of the Indian Ocean in 

general similar to those of the Atlantic and Pacific. 

There are, in each of the oceans, indications of 

an important counter-current, which the pressure 

of the normal surface fiow from the equator to the 

temperate zone tends to create in the following 

manner. The form of the curve which the surface 

water tends to describe in its course from the 

equator to the temperate zones is dependent on the 

velocity of the earth's rotation, and the water 

which diverges from the equator in the central 

part of the ocean has comparative freedom to 

follow the normal curve so determined; whereas on 

the west side of the ocean the land stops the west

ward motion and compresses the water into a 

stronger current, which presses against the central 

flow as the latter follows its normal course. 

There is in each of the six oceans a counter-

current starting from the meeting-point of two 

currents which both have their origin in the 

equatorial regions. 
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In the North Atlantic this counter-current is 

clearly marked and increased by the action of the 

Arctic stream which bears down from the north 

against the two equatorial streams and forms a 

vertical eddy, which rises to the surface between 

the two equatorial streams, intermingling with a 

rapid eddy of warm water which runs westwards 

from the meeting-point. This warm eddy, joining 

the cold water upheaved between the two main 

currents, is always to be found in that locality. 

The mid-ocean stream is itself often subdivided by 

a somewhat similar eddy^ south of the Azores, 

making a clear distinction between a compact 

mass of water which streams north-eastwards to 

the east of the eddy and the main stream, which 

passes northwards on the west of the Azores and 

continues its course north-eastwards. The pressure 

caused by the narrowing of the latitudes must 

tend to facilitate the formation of such vertical 

eddies when once started by any initial cause. 

In the South Atlantic, 14° W . and 38° 40' S., 

Captain Grant writes : ' W h y the water should be 

' warmer here than between the parallels of 35° and 

'37° S. is a problem that, in m y mind, admits not 

' of so easy solution, especially if m y suspicions are 

' true in regard to the northerly set.' ̂  About three 

degrees farther north. Captain Yonck 'found his 

' ship drifting quickly nothwards ;' and says : ' I 

' Maury, Physical Geography of the Sea, sect. 750. 
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' have met this current here on all my voyages.' ^ 

Eecords of currents and of temperature show this 

to be part of a normal counter-current which divides 

the Brazil coast current from the warm water 

which streams southwards through mid-ocean. 

There are indications that this mid-ocean stream 

is itself diAided bj* a northward drift in latitude 20° 

S., separating the main central stream from that 

which passes St. Helena. The relative configura

tion of the oceans prevents these counter-currents 

from being so important in the South as in the 

North Atlantic and in the North and South Pacific 

Oceans ; but they nevertheless exist in the South 

Atlantic and South Indian Oceans. The pressure 

in the temperate zones, caused by the meeting of 

the surface flow from the poles and from the equator 

is enhanced by the narrowing of the latitudes into 

which the warm flow from the equator passes, and 

thus gives the undercurrents a constant tendency 

to rise in vertical eddies, dividing the warm flow as 

it streams from the equator wherever irregularities 

of depth most facilitate the upheaval of the under

current. 

There are important currents near the equator 

which have in each ocean the title of the equatorial 

counter-current, because they run eastwards counter 

to the general drift of the ocean on each side of 

them. Their usual positions are north of the 

equator; and, as the average meeting of the 

^ Board of Trade, Charts of the South Atlantic, 1869, p. v. 
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north-east and south-east trade winds is also north 

of the equator, a plausible explanation which sug

gests itself to account for them is that the trade 

winds sweep the surface water along with them up 

to each edge of the calm belt which lies between 

them ; and the counter-current is then created by 

part of this water escaping back eastwards in the 

calm belt. If the eastward currents were in fact 

found to be characteristic features of the calm belt, 

the two phenomena might well be regarded as 

cause and effect. But the fact is that in the open 

ocean, where the current is free to sway northwards 

and southwards with the calm belt, it does not seem 

to show any tendency to do so. The north-east trade 

wind blows over both the eastward and the west

ward current; and the counter-current runs quite 

as much against the trade wind as in the calm 

belt. In the western part of the Atlantic this 

current is very irregular, and is found close to the 

equator near the middle of the ocean and farther 

north to the west of that position, just as if it 

formed the tail end of the counter-current already 

described as dividing the mid-ocean stream from 

the Gulf Stream farther north. Captain Mann, 

F.E.G.S. and F.E.A.S., records that between 52° 

W., 8° N., and 27° W., on the equator, with 

the south-east trade wind blowing, he found a 

rapid current throughout all that distance running 

against the wind.^ As the mid-ocean stream 

1 Findlay, North Atlantic Memoir, 12th edition, p. 285. 
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runs across and against the north-east trade, and 

this counter-current itself runs against the wind as 

often as between the winds, the wind and the 

current are not practically so easily reconcilable as 

cause and effect as they are theoretically. 

In the Pacific, this counter-current is much 

more constant and extensive than in the Atlantic 

Ocean. Throughout the central and western parts 

of the ocean it seems to be a normal current 

generally between the fourth and sixth degrees of 

N. latitude, but also at times as far south as 

the equator. In the month of July, in longitude 

175° B., on the equator. Admiral Lutke found a 

current of two to three knots an hour running to the 

eastward for fourteen or fifteen days, although the 

wind was then fresh from the eastward.^ In the 

month of August the U.S. ship ' Narragansett' had 

the north-east trade wind on the passage from the 

Gilbert Islands, on the equator, to the Marshall 

Islands, in latitude 10 N., and passed, without 

change of wind, from the south equatorial current 

through the counter-current into the north equa

torial current.̂  

Captain Maury declared that he could not 

understand the calm-belt currents of the Pacific 

Ocean; that they run at times with great force, 

and generally to the west.^ That statement, by 

' Findlay, North Pacific Directory, 3rd edition, p. 1200. 
' Ibid. 
' Physical Geography of the Sea, 8th edition, p. 195. 

D 
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so experienced an observer, is strong evidence 

against the idea of the eastward counter-current 

being the normal current of the equatorial calm 

belt of the Pacific. 

The diverging tendency of the equatorial 

current makes it, as it strikes the western coast of 

the ocean, practically two separate currents, which 

tend to eddy back against each other on the coast

line, and then to form a surface counter-current 

over the water which rises from the under strata 

to form the great surface flow of the equatorial 

current on both sides of the equator. The ten

dency of this water to diverge to the north and 

south as it rises along the equator may, in fact, 

facilitate the extension eastwards of a narrow 

surface current, originating in the eddies as just 

explained; but the existing counter-currents of 

the Pacific seem to be a very extensive develop

ment for so slight a cause; and there are two 

other physical actions which may perhaps con

tribute towards determining the position and 

increasing the extent of these counter-currents. 

I have elsewhere given an accumulation of 

evidence showing that the surface of the earth, 

together with the level of the ocean, is raised in 

the temperate zone of the northern hemisphere 

above the normal level of the elHpsoid which 

would result from the sole action of the earth's 

axial rotation; and suggested that this seems to 

be due to exactly such a pressure from south to 
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north as would naturally result from a motion of 

the earth southwards through space. Such a 

pressure might perhaps partly account for the fact 

of the counter-current, formed as above described, 

being found generally north of the equator, instead 

of along that hne, which theory would otherwise 

indicate to be its normal position; but the chief 

cause is probably the difference in the distribution 

of land and water in the northern and southern 

hemispheres, which makes the undercurrent from 

the south preponderate and carry the mean line of 

their confluence north of the equator. This action 

would also make it easier for the counter-currents 

of the temperate zones to reach and unite with the 

equatorial counter-current from the north than 

from the south temperate zone. The section in 

Table I. shows, in the fourth column, the most 

westerly of the counter-currents of the north 

temperate zone in the Pacific, which is probably 

the principal source which supplies the equatorial 

counter-current in that ocean. In consequence of 

the difference in the configuration of the ocean, 

the corresponding counter-current from the south 

temperate zone is borne back by the surface flow 

from the equator and prevented from uniting with 

the equatorial counter-current. 

Also, I have pointed out that though the 

ocean, resting on the solid surface of the earth, is 

dragged round with the earth's axial rotation by 

the force of gravitation, which holds it to the 

D 2 
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earth's surface, the movements of the fluid surface 

of Jupiter show that it is not dragged round in the 

same manner, but that the revolving force which 

causes that planet to rotate acts directly on the 

fluid surface, and carries it eastwards in the 

equatorial regions, making it revolve in a shorter 

period than the solid body of that planet. It 

seems quite possible that a similar action of the 

earth's revolving force may facilitate or assist the 

eastward motion of the earth's equatorial counter-

currents after these latter have been given an 

impetus, and, in fact, a natural trough to run in, 

by the action of other causes. The evidence I 

have above alluded to regarding the shape of the 

earth seems to m e to show that the solid surface 

is so pliant that a faster velocity of rotation would 

lift that surface just as much as the ocean in the 

equatorial regions. But supposing the earth to be 

sufficiently rigid to resist that change of shape, 

then an increasing velocity of rotation wbuld 

increase the velocity and dimensions of the equa

torial counter-currents, and of all the cold counter-

currents which rise from the under strata dividing 

the warm surface flow which pours away from the 

equator to the temperate zones. Those counter-

currents are, under existing conditions, generally 

borne back by the predominance of the surface 

flow westwards and from the equator ; but a faster 

rotation would make them predominate and press 

eastwards towards the equator to unite with the 
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equatorial counter-current and form channels of 

circulation which, with an increasing velocity of 

rotation, would gradually drain away the water 

from extra-tropical latitudes, and lift the whole 

ocean into that counter-current, so as to make it 

form a belt revolving high above the equatorial 

regions, with a shorter period of rotation than 

that of the earth itself.^ 

' Since the above essay was written I have presented to the Map 
Eoomi of the Geographical Society the following charts, giving a great 
deal of detail of the circulation, together with explanatory letters, under 
the title of Ocean Cyclones:— 

1. The Arabian Sea. August 10, 1898. 
2. The Atlantic Coast from the British Isles to the Mediterranean 

Sea. August 17, 1898. 
3. The North Atlantic Ocean. August 29, 1898. 
4. The North Pacific Ocean. September 12, 1898. 
5. The South Atlantic Ocean. September 26, 1898. 
6. The North Atlantic: Supplementary Notes. October 7, 1898, 
7. The Tides on a Chart of the World. November 8, 1898. 
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S E C O N D E S S A Y 

THE SEPAEATION OF VIS INBETI^ AND 

M O M E N T U M 

When Galileo and other philosophers of his time 

discarded the then prevailing idea of the earth 

being a fixed and immovable centre round which 

the universe revolves, and adopted, instead of that 

idea, the system which had a short time previously 

been expounded by Copernicus more elaborately 

than by any of the philosophers of more ancient 

times, declaring the earth to be incessantly in 

rapid motion circling round the sun, one of the 

objections urged against these disturbers of 

opinions then accepted as doctrine by all the 

leading seats of learning was to the effect that it 

was obviously impossible for the earth to have 

been moving in such a manner throughout all the 

period of recorded history, because, as there was 

nothing in space to keep it moving, it would, even 

if it had ever been in motion, long before that time 

have stopped, or at least have shown some reduc

tion of velocity in the necessary process of spend

ing its momentum. 
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To that argument the Copernicans might 

quite reasonably have rephed by urging their 

arguments in proof of the fact of the earth being in 

motion, whilst repudiating the idea that because 

they discovered and showed the existence of that 

motion they were therefore under any obhgation 

immediately also to discover the force by which 

the motion is caused. Instead, however, of limit

ing themselves to that argument, they replied to 

the effect that if there is nothing in space to keep 

the earth moving, it is just as true that there is 

nothing there to stop it, and, having once been set 

in motion by some cause no longer apparent, it 

therefore must, in the absence of any obstruction, 

continue for ever in motion. In this manner the 

new philosophy, of which Galileo and Descartes 

were leading exponents, gradually adopted as 

a ' law of nature' the idea that matter is in

different to rest or motion. That is to say, that, 

if at rest, it will not move unless acted on by an 

extraneous force, and, if in motion, it will not cease 

to move unless impeded by an extraneous force. 

From a purely theoretical point of view, the 

argument is unassailable; but the question which 

remains open for consideration is as to whether 

the practical evidence of physical phenomena 

supports that theory more than that which, from a 

purely theoretical point of view, is equally 

plausible, and has been advocated by Leibnitz and 

many others, to the effect that matter has an 
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inherent tendency to be in motion, and that 

motion is therefore its natural state; or whether 

a third theory, equally reasonable as pure theory, 

may not be most completely in accord with the 

evidence of physical phenomena—namely, that 

which had previously been generally accepted as 

a law of nature, and was adhered to by Kepler 

notwithstanding his acceptance of the Copernican 

System, to the effect that matter has an inherent 

tendency to be at rest, so that a body will not 

move unless set in motion by some extraneous 

force, and when the extraneous motive force 

ceases to act the momentum imparted by it 

will sooner or later be exhausted, and the body 

will revert to its natural state of rest. 

The question as to the relative merits of those 

three theories is, I say, one to be decided by the 

evidence of natural phenomena, and not by such 

abstract arguments as those by which philosophy 

has attempted to show the idea of indifference to 

rest or motion to be a theoretical necessity, thus, 

in effect, declaring the other two rival theories to 

be shown by pure reason to be mathematical 

impossibilities. It is, I say, matter of fact, and 

not abstract argument, that must be appealed to 

for a decision as to whether matter has or has not 

been created with a natural tendency to be in 

motion; whether it has or has not been created 

with a natural tendency to be at rest; or whether 

it has or has not been created with a natural 
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indifference to rest or motion. The last of those 

three conflicting opinions had already been adopted 

in the New Philosophy as a ' law of nature,' when 

Newton produced his mathematical demonstration 

of the action of the sun's gravitation as a 

centripetal force, controlling the motion of the 

earth round the sun. The existence of this 

centripetal force, constantly tending to draw the 

earth towards the sun, makes it obvious that there 

must be an equal centrifugal force which keeps 

the earth at its mean distance from the sun; and 

the asserted tendency of vis inertise to perpetuate 

momentum supplied the centrifugal force required 

to maintain equihbrium in the orbital motion. 

Thus Newton adopted the doctrine of indifference 

to rest or motion, for the purpose of explaining 

not only the continuous motion of the earth, but 

also its resistance to the centripetal force of the 

sun's gravitation. This latter was the purpose 

which made that new doctrine most immediately 

requisite to him. But both purposes are perfectly 

served by his method of treating the subject. In 

Definition III., book i., of ' The Principia' he 

says: -̂  ' The vis insita, or innate force of matter, 

' is a power of resisting, by which every body, as 

' much as in it lies, endeavours to persevere in its 

' present state, whether it be of rest, or of moving 

' The Mathematical Principles of Natural Philosophy, by 
Sir Isaac Newton. Translated into English by Andrew Motte, 
London, 1819. 
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' uniformly forward in a right line. . , . This vis 

' insita may, by a most significant name, be called 

' vis inertise.' And in Definition IV. he says : ' A 

' body maintains every new state it acquires by its 

' vis inertise only.' 

In conformity with the foregoing definitions, he 

frames his first axiom, or Law of Motion, in the 

same book as : ' Every body perseveres in its state 

' of rest or of uniform motion in a right line, unless 

' it is compelled to change that state by forces im-

' pressed thereon.' 

According to that first Law of Motion and the 

definition of vis inertise which precedes it, the 

latter force tends to perpetuate any given motion ; 

so that a force of momentum sufficient to resist the 

sun's centripetal force at the instant of the initial 

force being brought to bear to set the earth in 

motion, continues, according to that law, to repeat 

its work incessantly without any further action of 

the initial motive force being requisite to maintain 

the original power of momentum. In opposition to 

that idea I contend that Newton's laws of gravita

tion themselves supply not only the centripetal 

force, as demonstrated by him, but also the 

centrifugal and the motive forces, so that the idea 

of the vis inertise of matter giving it an inherent 

tendency to perpetuate momentum imparted by an 

extraneous force is not wanted for the only purpose 

for which it was invented. The momentum of a 

body in motion is in fact resisted by its vis inertia. 
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so that Newton's definition embraces under the 

same term two not only distinctly different, but 

even antagonistic forces. 

Suppose, for sake of argument, that the motions 

of the planets are determined entirely by the action 

of gravitation, and that the sun's gravitation is the 

force which revolves them. Then the motion of 

any planet along its orbit represents the action of 

the sun's revolving force of gravitation, and the 

lagging of the planets backwards over the surface 

of the sun represents the action of surrounding 

forces of gravitation which resist the sun's revolv

ing action, and prevent the planets from keeping 

pace with the sun's rotation. The relative action 

of those opposing forces along each orbit ought, in 

such case, to accord with the relative force of the 

sun's revolving action in each orbit; and the 

following considerations show that such accordance 

does exist. 

Any object resting on the surface of the Earth 

is held to that surface by the Earth's gravitation, 

and, therefore, revolves with the surface upon 

which it rests. But the planets are in fact held 

high above the moving surface of the sun, and if 

the reciprocal action of gravitation gives them a 

tendency to follow the motion of the moving 

surface below them, that tendency must be partially 

counteracted by a similar tendency to follow the 

motion of the opposite surface of the sun moving 

in the opposite direction ; and the amount of this 
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revolving force and the resulting motion must 

depend on the amount by which the power of the 

gravitation of the nearer exceeds that of the 

remoter hemisphere of the sun. 

The existing motions are such that the amounts 

by which they differ do in fact accord with the 

relative amounts of that revolving force of gravita

tion in each orbit. For at any given point the 

force of gravitation exerted by any particle in the 

nearer hemisphere of the sun exceeds that of a 

particle in a corresponding position in the opposite 

hemisphere inversely as the cube of the distance 

from the centre of the sun, and the proportion 

which the actual velocities of the planets along 

their orbits bear to the lagging is approximatety 

also inversely as the cube of that distance. 

The above two points are shown by the follow

ing figures. 

The ratio of velocities of the Earth and Neptune 

is as follows :— 

-

Earth 
Neptune 

Periods of 
orbital revolu
tion in 'days 

365-26 
60,126 

Mean daily 
motion 

3,548^^-19 
21''-554 

Eatios of 
velocities to 

periodiB of revo
lution 

9-714 
-0003584 

Same, one 
equal ratio in 

orbit of 
Neptune 
27,100 

1 

Granted two different velocities of revolution, 

the ratio of periods to velocities must be as the 

square of that difference, but might mathemati

calty, in the absence of any physical cause to the 
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contrary, exist with the two bodies at the same, or 

at any different relative distances; but in fact 

that ratio of velocities making the Earth's ratio 

exceed that of Neptune as 27,100 to 1 is approxi

mately as the inverse cube of the relative distances 

from the sun, for the Earth's distance is to that of 

Neptune as 1 is to 30"0368, by Sir John Herschel's 

estimate. 

The most recent observations of the sun's parallax 

show the mean distance of the Earth from the sun 

to be about 92,700,000 miles, that of Neptune 

about 2,784,000,000 miles, and the diameter of the 

sun 865,000 miles. These figures make the relative 

distances from the nearest and furthest points of 

the sun respectively as follows :— 

Earth . . . . 92,267,500 93,132,500 

Neptune . , . 2,783,667,500 2,784,432,500 

And the relative distances inversety are there

fore as foUows : the sun's diameter being taken as 

unity, representing the difference in the orbit of 

Neptune, and fractions being discarded :— 

Earth 97,110 96,208 

Neptune 3,219 3,218 

The squares of the above inverse distances 

show the relative amounts of force of gravitation 

at each distance, and are as follows :— 

Earth . . . 9,430,352,100 9,255,979,264 

Neptune . . 10,361,961 10,355,524 
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The differences of the above forces in the orbits of 

the Earth and Neptune respectively are 174,372,836 

and 6,437 ; or as 27,089 to 1. 

The above figures show that the amount by 

which the gravitation of the nearest exceeds that 

of the remotest part of the sun represents approxi

mately the ratio which the velocity of the onward 

motion of any planet along its orbit bears to its 

apparent lagging backwards over the surface of the 

sun. And, as the same argument applies to any 

corresponding parts of the nearer and remoter 

hemisphere, they show that the ratio of velocities 

and the ratio of forces are both in each orbit in

versely as the cube of the distance from the sun 

approximately. 

For the distances are as 1 is to 30'0368. 

The inverse cubes are as 27,099 is to 1. 

The ratios of velocities are as 27,100 is to 1. 

And the ratios of forces are as 27,089 is to' 1. 

Any of the other planets would serve just as 

..\;I1 as the two above given to illustrate the 

subject, as is fully shown in ' The Ocean,' 2nd ed., 

chap. vii. and chap. xxi. Prop, xix., where I have 

based arguments on the real velocities of motion 

as well as on the apparent velocities dealt with 

above. 

The estimates of 92,700,000 miles for the Earth's 

distance from the sun, and 865,000 miles for the 

sun's diameter, I have taken from Sir Eobert Ball's 
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' Story of the Sun,' published in 1893; and 

Neptune's distance, 2,784,000,000 miles (not given 

in that work), is based on Sir John Herschel's 

estimate of the relative distances of the two 

planets. 

The accordance of the velocities of motion 

with the theoretical action of gravitation is just 

as strong an argument in favour of the theory 

that the onward motion of the Earth in its orbit 

and the sun's gravitation are connected as cause 

and effect, as is the accordance of the Earth's 

centripetal tendency in its orbit with the sun's 

direct force of gravitation in favour of, and which 

has been accepted as proof of, the theory that the 

Earth's motion in its orbit is controlled by the sun's 

gravitation. If the fact that the distance, b c, 

in the figure annexed, which the Earth deviates in 

any given time from the tangent a b, accords with 

the calculated action of the sun's direct force of 

Fig. 1. 

gravitation, is a proof of the action of that direct 

force, then the fact that the distance, a o, which 

the Earth travels in that same time along its orbit 

agrees with the calculated action of the sun's 

revolving force of gravitation is also a proof of the 
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action of that revolving force. This revolving 

force of solar gravitation gives a definite reason 

for the onward motion of the Earth, which makes 

it no longer necessary for us to imagine the 

existence of an innate tendency to continue a 

motion imparted at some remote but unknown 

date by some unknown cause. 

As the sun's gravitation moves the Earth, the 

connecting links of gravitation between the Earth 

and other bodies resist that motion because, the 

earth being at any moment in the position in 

which the joint action of all forces of gravitation 

tends to hold it; therefore, as the sun's gravitation 

moves the Earth from any point, it is opposed by 

the combined action of all other forces of gravita

tion, which tends to draw the Earth back in the 

opposite direction to that in which it is carried by 

the sun's gravitation. This resisting, or retarding 

force, as it draws in the opposite direction to that 

of the motion of the Earth, forms at the same time 

a centrifugal force drawing back at a tangent to 

the orbit in which the Earth is revolved, so that, as 

the sun's force of gravitation forms the centripetal 

force, the retarding action of the remaining force 

of gravitation forms the centrifugal force. And 

between" the two the Earth is carried along the 

line of its orbit. 

The difference between the action of a centri

fugal force acting onwards at a tangent according 

to the prevailing idea, and that of one acting 
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backwards at a tangent according to the new idea, 

seems at first sight so great as to make it appear 

that the question might easily be brought to a 

practical test so as to decide which theory is true. 

But the retarding force drawing backwards at a 

tangent is each moment drawing towards the 

tangent along which it has been supposed that 

vis inertise tends to carry the Earth. That on

ward tangent is the line along which the momen

tum of the Earth's orbital motion would carry it if 

the controlling force of gravitation suddenly ceased 

to act. And therefore the direction in which the 

Earth would move in case of the centrifugal exceed

ing the centripetal force is not in question. The 

question is as to the nature of the centrifugal 

force. To understand this point: first, suppose a 

wet mop is twirled. Then the drops of water 

on it are not only given an onward motion in the 

direction of the twirl, but if the velocity be 

sufficiently great, a centrifugal force is generated 

which carries them off at a tangent from the mop 

in the direction of its rotation. Now, suppose the 

sun to be motionless, and the Earth at rest on 

its surface. Then apply the revolving force of 

solar gravitation with sufficient velocity to throw 

the Earth off as a drop of water is thrown from a 

twirling mop. The forces acting in those two 

cases are intrinsically identical, though as regards 

the mop, the drops of water thrown from it come 

immediately under the influence of the preponde-
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rant force of the Earth's gravitation, and are by 

that force drawn away from the vicinity of the 

mop, so that the stoppage of the rotation of the 

latter cannot bring the drops of water back to 

their position on it; but the planets are all within 

the sphere in which the sun is the preponderant 

force of gravitation; and, as regards the Earth 

resting on the surface of the sun, as the latter is 

made to rotate, its gravitation tends to carry the 

Earth round on its surface with the same motion, 

but the combined action of all other forces of 

gravitation, resisting the effort made to move the 

Earth from its position, draws back at a tangent to 

the circle in which the sun's gravitation endeavours 

to carry the Earth, and whilst thus retarding the 

Earth's motion, carries it off at a tangent from the 

surface of the sun in the direction of rotation, just 

as the drops of water are thrown off from the mop. 

The Earth as it leaves the sunrises along a tangent 

to the sun's surface in the direction of its motion; 

but the point of the sun's surface from which it 

was thrown off has in the meantime passed on, 

leaving the earth also in a tangent to that point 

in the opposite direction to the motion of the sun's 

surface, because the surrounding force of gravita

tion has resisted the motion and prevented the 

Earth from keeping pace with it. The momentum 

is the cause of the centrifugal force ; but that 

force of momentum is sustained by the constant 

action of the sun's revolving force of gravitation 
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and is guided and controlled between the sun's 

centripetal force and the surrounding force of 

astral gravitation, which acts as a centrifugal 

force as it draws backwards in resisting the motive 

action of the sun. 

W e have seen that the revolving force of the 

sun's gravitation changes inversely as the cube of 

the distance, whereas its direct force changes only 

inversely as the square of the distance. And 

therefore, however great the excess of the centri

fugal force may be at any point, the earth's reces

sion from the sun under its action must at length 

bring the centrifugal into equilibrium with the 

centripetal force. If the sun's velocity of rotation 

were sufficiently increased, then the Earth would 

be thrown so far from the sun as to come under 

the predominant infiuence of some other power of 

gravitation, just as the drops of water thrown from 

the mop come under the influence of the Earth's 

gravitation, and it would then fall to that power just 

as the drops of water thrown from the mop fall to 

the Earth. But in fact the Earth and planets are 

within the sphere in which the sun's gravita

tion is the preponderant power, so that a stoppage 

of the sun's rotation would allow them all to fall 

towards the sun. 

As regards the drops of water thrown from the 

mop, it is said that vis inertise tends to cause 

them also to move for ever onwards along the 

tangents on which they leave the mop, and that 

K 2 
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they are only prevented from effecting this by the 

obstruction of the air, or whatever they may strike. 

But then the particles of air struck by the drops 

of water cannot be less disposed to move for ever 

than the drops of water themselves. Is it not 

evident that the vis inertia of the air, which 

endeavours to keep it at rest, resists the motion of 

the drops of water ? and, if so, then also the vis 

inertise of the drops of water must resist the 

motion; for there can be no more reason for 

supposing that the vis inertise which stops the 

motion resides in the air set in motion by the 

water, than in the water set in motion by the mop. 

In fact, an amount of motion is caused in proportion 

to the motive force exerted; but after this motive 

force ceases to act on the particles set in motion 

by it, then those particles are sooner or later 

brought to rest by the vis inertise of matter, 

which thus resists motion in its progress as well 

as in its origin, and is, therefore, a property by 

virtue of which matter endeavours to be at rest, 

and not a property with a double action, at one 

time tending to keep matter at rest and at another 

time tending to keep it in motion. 

Maxwell says that if the continuity of motion, 

as asserted by the ' first law,' is denied, and we 

suppose the existence of a law by which the 

velocity diminishes, and if such a reduction of 

velocity should be found to exist, that discovery 

might be interpreted not as a contradiction of 
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Newton's law, but as evidence of the resisting 

action of some medium in space.̂  Maxwell's 

arguments do not, however, either in the article 

from which I have quoted or in any other part of 

his book, meet the question now at issue. M y 

argument is to the effect that the force of gravita

tion, extended from each material atom in the 

universe to every other atom, cannot be traversed 

by any body without expenditure of force to supply 

the work done in ceaselessly readjusting the equi

hbrium of gravitation disturbed by the moving 

body; and that, therefore, just as a bullet impelled 

by any initial velocity can traverse a piece of 

timber only for a distance proportioned to the 

initial force, and cannot continue for ever its 

motion through such timber without renewal of 

the motive force, so also a planet impelled through 

space cannot do the work of ceaselessly disturbing 

and readjusting the equilibrium of gravitation 

without just as ceaseless a renewal of the force 

which must of necessity be expended in doing that 

work. It shows a misconception of the question to 

argue, as Maxwell does, that it is only because there 

is a resisting medium in space that the momentum, 

if not renewed by fresh application of motive force, 

must ultimately be spent, and that the discovery 

of this resisting medium does not affect the so-

called law of motion, because, ' supposing all this 

'• Matter and Motion, by J. Clerk Maxwell, Article xli. 
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done, we should have discovered not an error in 

the laws of motion, but a new fact in science.' ̂  

I say this shows a misconception of the question 

at issue, because the fact is that the force of 

gravitation which resists the motion is exerted by 

the planet just as truly as by any other particle of 

the universe, and therefore neither that planet nor 

any particle of the universe can have the asserted 

tendency to perpetuate motion given to it by a 

merely initial force. From a merely theoretical 

point of view the idea of a body having such an 

inherent tendency to continue in a state of mo

tion, and the apphcation of the term inertia, or 

vis inertiffi as preferred by Newton, to such a 

tendency, seems to m e just as reasonable as the 

same arguments applied to the state of rest. But 

the existence of the force of gravitation extended 

throughout the universe excludes that law from 

the material universe ; and I have shown that, as 

a matter of fact, the Earth does not move along its 

orbit by virtue of such a tendency, but is carried 

along by the action of an external force acting 

incessantly on it. 

Playfair says that but for the discovery of the 

motion of the Earth that first law of motion might 

have remained unknown.^ The ratio of forces and 

velocities which I have given above and more fully 

in previous works, shows that the so-called law is 

^ Matter and Motion, by J. Clerk Maxwell, Article slviii. 
' Encyclopredia Britannica, 8th edition, 4th Dissertation, p. 59S. 
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no longer required for the purpose for which it was 

invented. 

Robison, in reply to attempts to prove the 

truth of that first law of motion by the evidence of 

facts, argues that it is a mistake to suppose the 

law requires to be established on such a founda.tion ; 

and tells us that it claims its position on higher 

grounds, being ' not a matter of experience,' but 

' a necessary truth,' or ' a law of human thought.' ̂  

But though Eobison says that the terms inherent 

force and inertia may be used for the purpose of 

' abbreviating language,' ̂  he makes them useless 

for the purpose for which the law was invented, for 

he says that by the Fhst Law of Motion ' we sup

pose that the body continues in its former state of 

rest or motion unless we suppose that it is changed 

by some mechanical force;' and he says it is 

indifferent, as regards the sense of that law, 

whether those changes are derived from the 

nature of the thing or from external causes.' ̂  But 

f the law allows us to suppose that the body by 

its own nature may be tending to change from a 

state of motion to a state of rest, then it does not 

serve to explain the continuous motion of the 

Earth. Newton's definition of vis inertise, on the 

other hand, gives a clearly defined and practical 

^ Encyclopcedia Britannica, 8th edition, Article ' Dynamics,' 
p. 329. 

' Ibid. p. 331. 
3 Ibid. p. 329. 
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meaning to that supposed First Law of Motion; 

and it certainly is reasonable enough for the mind 

to imagine the existence of matter under the con

ditions of that law as expounded by Newton. But 

it is just as certain that the mind can also reason

ably imagine matter endowed with an inherent 

and constant tendency to motion only, or with a 

constant tendency to rest only; and the business of 

natural philosophy is not so much to ascertain by 

what laws matter might be governed, as to ascertain 

what are the laws by which it actually is governed; 

and this latter is certainly a question to be decided, 

not merely by an effort of the imagination, but by 

the practical evidence of physical phenomena. 

Lord Kelvin and Professor Tait admit that ' the 

' properties of matter might have been such as to 

' render a totally different set of laws axiomatic.'̂  

But though they say that the laws of motion ' must 

' be considered as resting on convictions drawn 

' from observation and experiment, not on intuitive 

' perception,' ^ they are not more tolerant than 

Eobison or Maxwell of opposition to the so-called 

first law of motion, but say that ' physical axioms 

' are axiomatic to those only who have sufficient 

' knowledge of the action of physical causes to enable 

' them to see their truth.' ̂  Among the familiar 

instances which are supposed by them to show 

' Natural Philosophy, by Sir W. Thompson (now Lord Kelvin) 
and P. G. Tait, vol. i. pait i., new edition (1879), p. 240. 

^ Ibid. 3 Ibid. 
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opposition to the first law of motion to be due to 

ignorance of the action of physical causes, it is said 

that in. railway travelling, 'if the motion of the 

' train be checked by a sudden application of the 

' brake, their mertia (which really maintains their 

' motion) appears to urge the passengers forwards. 

' A sudden starting of the train produces the opposite 

' effect.' ̂  As regards the latter point, there is no 

question at issue. It is agreed that the inertia of 

the passenger resists the impulse which gives him 

momentum with the train. And as regards the 

sudden application of the brake appearing to urge 

the passenger forwards, there also is no question as 

to the tendency of the passenger to continue his 

motion being due to the momentum imparted to 

him by the motion of the train. It is onty because 

the momentum of the train is forcibly arrested by 

the action of the brake that the passenger's 

momentum, not being arrested by the direct action 

of the same force, tends to carry him onwards from 

his seat. The question at issue is merely as to 

whether the momentum is or is not inertia, and its 

asserted tendency to perpetuate itself. There is 

no question at issue as to the practical effects of 

the momentum in the above phenomena. Even 

the advocates of the First Law of Motion admit 

that the passenger's momentum will be expended 

before carrying him very far from the seat. It 

seems to m e that in abandoning the position taken 

^ Properties of Matter, by P. G. Tait, London, 1894, p. 95. 
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by Eobison and Maxwell, Lord Kelvin and Pro

fessor Tait have really given up the the only logical 

hne of defence. At any rate, to say that m y 

assertion that momentum is not inertia shows 

that I have not sufficient knowledge of the action 

of physical causes to enable me to understand their 

so-called axiom simply begs the question at issue. 

If Lord Kelvin and Professor Tait gave ever so 

perfect an explanation in theory of the motion of 

the hands of a clock under the supposition of the 

motive power being a spring, and I were to declare 

that I had examined that clock and found the 

motive power to be weights and that there was 

no spring in the clock, there would be no logic in 

an answer on their part to the effect that m y state

ment showed me to be ignorant of the action of a 

spring. Even if they succeeded in showing me 

to be ignorant of the manner in which the motion 

might be caused by a spring, that would not alter 

the fact of the clock being moved by weights and 

not by a spring. M y discovery of the fact of the 

above-mentioned clock being moved by weights 

would not be a proof that I could not understand 

the action of a spring ; nor is m y discovery of the 

fact of the Earth being moved along its orbit by 

the sun's gravitation a proof that I cannot under

stand the so-called Law which has been considered 

requisite to account for that motion. 

It has been urged that the predictions of the 

positions of the heavenly bodies given in the 
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' Nautical Almanac' are based on the laws of 

motion and could not possibly be accurate unless 

those laws are true.-' But, in the first place, I say 

it is the correctness of the laws of gravitation 

that enables those positions to be foretold. The 

First Law of Motion is a complement or counter

poise, which balances the action of gravitation. 

And in the second place I say that the fact of 

momentum being correctly treated in all those 

motions as a theoretical counterpoise to the forces 

of graA'itation, is not evidence that momentum is 

inertia. The question as to whether the momen

tum of the Earth is sustained by the action of the 

sun's gravitation, as I say, or is merely a conse

quence of the Earth's inertia and not caused by 

the sun's gravitation, as is generally supposed, is 

quite independent of any possible question as to 

whether that momentum, whatever may be its 

cause, is correctly treated as a counterpoise to the 

sun's centripetal force of gravitation. In the first 

edition of m y work published in 1866, I clearly 

pointed that out, saying : ' The effects are matters 

' of observation, so that the point at issue is as to 

' how those effects are caused; and I maintain that 

' vis inertia holds the planets in equihbrium, the 

' centripetal force of the sun's gravitation being a 

' part of the planets' vis inertise just as much as the 

' centrifugal force. . . . Vis inertise is the combined 

' action of universal gravitation, which actually does 

^ Dynamics, by P. G. Tait, London, 1895, p. 8. 
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' keep the planet on the line of its orbit; opposing 

' any tendency from a-s much as towards the sun.' ^ 

Another phenomenon mentioned by Professor 

Tait as a proof of the so-called First Law of Motion 

is that a' bullet dropped from the top of a tower 

' does not fall vertically. It deviates to the least 

' of the vertical, because it preserves while falling 

' its superior eastward speed.' ̂  As some points of 

this subject may become test questions for the 

rival theories of inertia, I will comment on it in 

some detail. I say that the direction the bullet 

takes on being let go from the top of a tower 

depends on the height of the tower as well as on 

its position, which may vary the course of the 

bullet in five different ways. Suppose the tower to 

be of infinite strength, and its position to be on 

the equator. 

In the first place, let the tower be high enough 

to reach the orbit of the moon. I say that in 

such case the buUet would have to be fastened 

by a string, or secured in some manner, to keep it 

from moving from the tower. It would not rest 

quietly on the tower unless restrained. And I say 

that, if restrained by a string, the stress on the 

string would show the bullet to have a tendency to 

move, not towards the Earth, but off into space at a 

tangent to the top of the tower and in the opposite 

^ The Ocean: its Tides and Currents, and their Causes, 2nd 
edition, London, 1885, p. 88. 

- Properties of Matter, by P. G. Tait, London, 1894, p. 97. 
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direction to the motion of the tower, because it 

would never get inherently into itself the momen

tum necessary to enable it to keep pace with the 

motion of the tower. In order to keep pace its 

momentum would have to be maintained by means 

of the string dragging it on with the motion of the 

tower. And if the string were suddenly severed, 

then, to a spectator on the tower, the bullet would 

be seen faUing, not to the Earth, but backwards into 

space at a tangent to the motion of the tower; whilst 

at the same time, to a spectator looking only at 

the Earth and the bullet and ignoring the tower, 

the bullet, which would have been seen revolving 

in a circle round the Earth whilst held by the string, 

would, on the string being cut, be seen to fly off at 

a tangent from its former orbit in the direction of 

the motion, and with reduced velocity, exactly as a 

spectator sees a drop of water fly off from a mop in 

the direction of the twirl, though the drop of water 

in fact leaves the mop only because it does not 

adhere flirmly enough to enable it to keep pace 

with the mop's revolving motion. The diminishing 

velocity of the bullet after being let go would allow 

it to fall back to the moon's orbit, in which it would 

then be revolved by the Earth's gravitation just as 

the moon is now revolved. According to the First 

Law of Motion there would be no diminution of 

that velocity in empty space, so that the bullet's 

momentum would tend to carry it away from 

the Earth ad infinitum. I say the momentum 
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given by the dragging action of the tower would be 

gradually expended on the bullet being discon

nected ; and equilibrium of the Earth's direct and 

revolving forces would be established, as shown 

by Proposition XXY., book x., of ' The Ocean.' 

In the second place, I say that some reduction 

of the height of the tower would change the direc

tion in which the bullet would strain on the string. 

For the sake of argument, I will suppose the 

necessary reduction in the height of the tower to 

make it one-twentieth of its former height. Then, 

at that height the bullet would still have to be 

restrained in order to keep it from moving from 

the tower; but, instead of dragging back against 

the motion, the momentum imparted to it by the 

Earth's revolving force would make it strain on the 

string at a tangent onwards in the direction of the 

motion of the tower; and, if the string were cut, 

the bullet might either continue to rise as far as 

the orbit of the moon and come to rest on the 

surface of that body, just as a drop of water flung 

from a twirling mop comes to rest on the surface 

of the Earth ; or it might perhaps find equilibrium 

in an intermediate orbit of its own. The reason 

why the bullet finds the motion of the tower too 

slow, and therefore leaves it and revolves alone 

with a faster motion, is given in Propositions X. 

and XL, book x., of ' The Ocean.' 

In the third place, I say that some further 

reduction of the height of the tower, which, for the 



VIS INEETI^ AND MOMENTUM 63 

sake of argument, I will suppose to be one-thirtieth 

of its former height, the bullet, if free to move, 

would not rise from the tower, but would roll off in 

the direction of the motion and would continue to 

move faster than the tower, but with a motion 

gradually inclining downwards towards the Earth; 

though at this level a lighter substance than the 

bullet, such as vapour, might continue ceaselessly 

to revolve with a faster motion than that of the 

top of the tower. Some letters I received about 

seA'enteen years ago from a resident in Santiago, 

in latitude about 25° S., make it appear probable 

that there is such a belt of vapour revolving above 

the equatorial regions, and that it is the cause of 

the Zodiacal Light. 

In the fourth place, let the height of the tower 

(still on the equator) be reduced to a practically 

possible height, so that the bullet would rest quietly 

on the top. I gather from the statement made by 

Professor Tait that he either knows from some 

practical experiment that a bullet dropped from the 

top of such a tower would fall east of the base 

of the tower, or else does not consider its position 

material to the question. All I can say is, that 

such would be the case as regards the higher tower, 

and that, if it is so as regards the lower tower, it 

certainly is not a proof that momentum is inertia. 

I have elsewhere ̂  pointed out that on the surface 

1 The New Principles of Natural Philosophy (London, Long
mans, 1885), p. 411. 
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of Jupiter the revolving force of gravitation seems 

to carry fiuid matter eastwards in the equatorial 

regions faster than the solid surface, and suggested 

that the Earth's similar force might perhaps have 

some part in causing the well-known equatorial 

counter-currents ; and the fact of the bullet falling 

east of the tower would accord with the idea that 

the same revolving force which perhaps carries the 

water eastwards has also some practical effect on 

the bullet whilst it is falling through the air, 

though insufficient to affect it whilst resting on the 

tower ; or momentum might, in fact, be diminished 

without being so rapidly reduced as to prevent it 

from still being sufficient to carry the bullet faster 

than the slower motion at the base of the tower. 

In the fifth place, if instead of being on the 

equator, the position of the tower be anywhere in 

either of the temperate zones, then I say the 

bullet falling from a tower of any practicable 

height has a tendency to fall south-eastwards 

in the northern and north-eastwards in the 

southern hemisphere; because the revolving force 

of the Earth's gravitation must tend to give it 

a faster motion than the surface of the Earth in 

those latitudes, and thus tend to carry it eastwards, 

in the same manner as the ocean water actually 

is carried eastwards ; and the centrifugal action 

of that force tends to cause the buUet to be inclined 

towards the equator as it falls, because it acts at 

an angle crossing the vertical line in which the 
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direct force of the Earth's gravitation acts. Both 

those actions are explained in Proposition XXVIL, 

book X., of ' The Ocean.' 

Experiments by Benzenberg from a church 

tower in Hamburg gave to falling bodies an 

average direction south-eastwards, but the experi

ments showed considerable discrepancies.-' The 

idea of momentum being sustained by the inertia 

of matter is intrinsically at variance with the 

retarding and revolving actions of gravitation, 

which, according to m y views, would determine the 

motion of the bullet in the experiment alluded to 

by Professor Tait as above. 

Professor Tait seems to charge all translators 

of Newton's ' Principia ' with having wrongly used 

the term vis inertice instead of translating it 

merely as inertia, and he also argues that the term 

vis, as used by Newton, does not mean force.̂  But 

the fact is that in his own Enghsh editions of works 

which were not, hke the ' Principia,' pubhshed 

by him only in Latin, Newton himself uses the 

term vis inertice and never, as far as I have 

noticed, the term inertia. In the ' Treatise on 

' Optics,' which was first pubhshed by him in 

Enghsh, and only subsequently translated into 

Latin, he says : ' It seems to me, further, that the 

' particles have not only a vis inertiâ , accom-

' History of the Theories of Attraction, by J. Todhunter, M.A., 
F.E.8., 1873, ii. 454. 

~ Dijnamics, by P. E. Tait, London, 1895, p. 353. 
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' panied with such passive laws^ of motion as 

' naturally result from that force, but also that they 

' a:'e moved by certain active principles.'' This 

shows that it is"Newton himself, and not merely 

translators of the 'Principia,' who is responsible 

for the use of the term vis inertise in English 

works. What Newton specially wanted in his 

definition of vis inertise, and in his first law of 

motion, was a force of motion, or momentum, 

tending to carry the Earth onwards in a straight 

line, in order to account for the Earth's resistance 

to the sun's gravitation; and, unless it can be 

shown that, as a cannon-ball emerges from the 

mouth of a cannon, the momentum tending to 

carry it onwards in a straight line and the Earth's 

gravitation, which bends it downwards from that 

line, cannot properly be called forces, it is useless 

to argue, as Eobison and other philosophers have 

since done, that the idea of force as generally 

understood ought not to be connected with 

Newton's laws of motion and definition of vis 

inertise. The difference between the cannon-ball 

and the Earth as regards Newton's laws is that 

the momentum of the one is controlled by the 

Earth's gravitation, and that of the other by the 

sun's gravitation; but if the momentum of a 

oannOn-ball as it smashes the side of a ship can, 

according to those laws, be called a force, then the 

momentum of the Earth is also a force. The effort 

* Horaley's edition of Newton's WorJts, iv., 260. 
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of Eobison and his followers to exclude the idea of 

force from the laws of motion is an episode in the 

rebellion of common sense against an illogical 

position; but the necessary reformation is to be 

attained, not in that direction, but only by the 

separation of aU forces of momentum from the 

innate ̂is inertise of matter. 

V 2 
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T H I R D E S S A Y 

THE CAEDIOID BAETH 

Until recent years the expression ' as round as a 

bullet' was appropriately used to convey the idea 

of the object alluded to being perfectly round. 

Experience has, however, led to a change in the 

shape of those projectiles. Perfect roundness has 

not only ceased to be considered a necessary 

quality, but it is found that the velocity can be 

increased by a change from that shape, and the 

outer ring of the material of the round bullet at 

right angles to the proposed line of motion is now 

pushed towards the rear of the ball, so that the 

front is thereby made more or less pointed, and the 

rear approaches more or less a flat instead of a 

rounded form. I describe in the above manner the 

change in the bullet from its round towards a 

conical form, because that manner of describing 

the change of shape helps to illustrate the action 

by which the Earth's onward motion through space 

causes the ellipsoid shape or oblate spheroid, result

ing from its axial rotation, to change slightly 

towards a cardioid form. I use the term cardioid 

as meaning heart-shaped, and, as the Earth's devia-
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tions from the ellipsoid form make the term more 

apphcable to it than to the mathematical curve to 

which that term has been applied, it cannot reason

ably be restricted to that technical sense. 

I have recently found much more definite 

evidence of this change of shape than I supposed 

could be brought to bear on the question when, 

more than thirty years ago, I suggested that such 

a deviation from the ellipsoid existed. I did not 

then, and do not now, say that the Earth, like the 

bidlet, has been so shaped for the purpose of facih-

tating its motion through space ; but what I have 

pointed out is that, in consequence of its motion 

through space, it has a tendency to change from 

the ellipsoid to a cardioid shape. 

The combined action of any motive and oon-

troUing forces which may tend to draw onwards in 

the central hne of motion faster than in other 

parts of the Earth is resisted by the Earth's own 

gravitation, which endeavours to maintain it in a 

perfectly spherical form. And this resistance of 

the Earth's gravitation alone prevents the forces by 

which its orbital motion is determined from draw

ing its particles in the central line onwards and 

those outside that line relatively backwards, until 

they would at length be distributed in a ring of 

equal thickness along the line of the Earth's orbit. 

Besides this resistance of the Earth's gravitation 

to the attempted elongation of its form, its axial 

rotation is incessantly changing the parts which, 
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at any moment, lie in the central line of orbital 

motion, so that the effort of the orbital forces at 

any moment to change the Earth's shape in any 

direction is instantly counteracted by their action 

being rapidly moved from point to point as the 

Earth turns on its axis, and thus its gravitation, 

which would in any case prevent more than a 

slight modification from an ellipsoid shape, is able 

to prevent the orbital forces from having any 

effective action towards changing the Earth's shape 

in any direction. 

This interference of the Earth's axial rotation 

with the tendency of the orbital motion to change 

its shape, is due to the latter motion inchning 

more to an east and west than to a north and 

south direction. Supposing the Earth, however, to 

have another motion in space, more directly across 

the plane of the equator, and not inclined so much 

from the line of the axis of rotation as to cause the 

direction to change between southwards and north

wards as the Earth rotates ; then the axial rotation 

would not interfere with the tendency to change 

of shape in connection with that motion in the 

manner I have described its interference with the 

orbital motion. It must also be observed that the 

manner in which the orbital forces tend to elongate 

the Earth along the line of its orbit does not 

exactly conform with that in which I have 

described the elongation of the bullet, for the back

ward drag, instead of being all round the parts 



THE CAEDIOID EAETH 71 

remote from the central line of motion, has a direct 

action only on the portions of those parts which 

lie outside the hne of the orbit. But as regards 

the suggested motion, more across the plane of the 

equator, the axial rotation, instead of neutralising 

the tendency to change of shape, would merely pass 

it continuously round the equatorial regions, equalis

ing its action all round those regions without 

counteracting at one time the effect attempted at 

another time, and therefore those regions would 

have a relative tendency to lag in the suggested 

motion. The pressure of this lagging tendency 

would in the hemisphere in advance in the line of 

motion press the surface from latitudes of lesser to 

those of greater circumference, and thus tend to 

cause a subsidence of the surface; whilst in the 

opposite hemisphere the pressure would be from 

latitudes of greater to those of lesser circumference, 

and thus tend to cause a bulging out of the surface 

proportional to the subsidence in corresponding 

latitudes of the other hemisphere. Such a motion 

wouldthustend to cause an elongation of the Earth's 

shape in the same manner as I have described the 

elongation of the bullet—not necessarily an abso

lute elongation, but a relative lengthening of the 

central hne of motion as regards its proportion to 

the maximum measurement at right angles to 

that line. 

I will now, before dealing with the evidence to 

which I have alluded as having recently been 
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made available, sketch that of which I made use 

in 1866 as indicating a motion of the Earth south

wards across the planes of the equator and the 

ecliptic. 

In the diagram given in the frontispiece of this 

book the sphere shows the form which the sole action 

of the Earth's gravitation tends to cause; the 

ellipsoid, the change which axial rotation tends to 

cause; and the cardioid, the further change which 

onward motion tends to cause as just described. By 

a combination of those forms the configuration of 

the Earth would be such that if on its surface there 

lay water sufficient to cover one half of the surface, 

that water lying in each of the depressions and 

leaving the protuberances dry land, then the 

surface of the Earth would be divided into alternate 

zones of land and water; namely, land about the 

South Pole, water throughout the temperate 

regions of the southern hemisphere, a zone of land 

in the equatorial regions, a narrow zone of water 

north of the latter regions, a zone of land through

out the temperate regions of the northern hemi

sphere, and water about the North Pole. 

The land in the temperate zone of the northern 

hemisphere, and that about the South Pole, would 

be raised by the action of the forces concomitant 

with motion through space, and the land in the 

equatorial zone by those concomitant with axial 

rotation. The relative positions of land and water, 

resulting as just described, strikingly correspond 
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with the actual relative positions of land and 

water in the two hemispheres, as shown on the 

diagram, though the zones, instead of being 

continuous, are intersected by undulations running 

north and south. In the north there is the depres

sion which contains the Arctic Ocean, surrounded 

by the continents of Europe, Asia, and North 

America; then there is the depression of which 

the Mediterranean and Caribbean Seas, separating 

Europe and North America from Africa and 

South America, form a part; and, thirdly, there 

is the continuous depression which contains the 

great Southern Ocean, separating South America, 

Africa, and Australia from the lands of the 

Antarctic regions. 

Though when I first published the foregoing 

views I treated the tendency to a cardioid form as 

having influenced the actual distribution of land 

and water on the surface of the earth, I did not 

then suppose that any tendency of the present 

surface of the ocean to assume that form could 

be deduced from measurements already made. I 

find, however, that various discrepancies between 

actual measurements and what those measure

ments were expected to be under the supposition 

of the Earth being a true ellipsoid give practical 

evidence of the deviation from the ellipsoid 

towards the cardioid form, and I now proceed to 

deal with the evidence of those discrepancies in 

the following order :— 
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First.—Discrepancies between calculations for 

the length required to make a metre equal the 

10,000,000th part of the length of the meridian 

between the equator and the North Pole. 

Secondly.—Discrepancies between the mea

sured lengths of degrees of latitude and the 

theoretical lengths in different latitudes as com

puted under the supposition of the Earth being an 

ellipsoid. 

Thirdly.—Discrepancies between the observed 

vibrations of the pendulum and the theoretical 

velocities of vibration in different latitudes as 

computed under the supposition of the Earth being 

an ellipsoid. 

As regards the length of the metre, I have 

pointed out that if, when fixing the length of that 

measure, with the intention of making it the 

10,000,000th part of the length of the quadrant 

of the meridian between the equator and the 

North Pole, the distance from the equator to the 

pole was accurately estimated in a straight line, 

then the distance along the curve of the meridian 

must be greater than given by the calculation on 

which the length of the metre was fixed if the 

shape of the Earth be cardioid instead of ellipsoid ; 

for the length of the metre was determined by the 

measured length of a degree in latitude 45° N. on 

the supposition of the meridian forming a regular 

ellipsoid, and, as the degrees of a cardioid meridian 

are shorter in that latitude than those of an 
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eUipsoid, it is evident that, if the meridian is 

cardioid, the metre, determined as above with the 

intention of 10,000,000 representing the distance 

from the equator to the pole, must be too short. 

If, on the other hand, the calculations had been 

based on measurements in higher latitudes, where 

the cardioid curve bends downwards to recross the 

ellipsoid, the metre might have been made so 

much longer as to be more than the 10,000,000th 

part of the quadrant. If the calculation had been 

based on a measurement in an intermediate 

latitude, it might have given a length agreeing 

with the cardioid as well as with the eUipsoid 

form; but, the computation being based on an 

ellipsoid figure, it could not, except by mere 

accident, agree with the cardioid figure, and, as 

the cardioid gives a longer line than the elhpsoid 

from point .to point, the correct length of the 

quadrant could have been given only by intro

ducing an error into the estimate of the length of 

the polar radius, or else into that of the equatorial 

radius of the earth. In Mr. J. H. Gore's work on 

Geodesy, pubhshed in New York in 1891, I find 

thirteen different estimates of the distance from 

the equator to the pole, all based on observations 

in which the meridian is assumed to be an elhpsoid. 

Of all the thirteen estimates above alluded to, 

that based on latitude 45° N., by which the length 

of the metre is fixed, is the shortest. Six of them 

make the length of the quadrant more than a 
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thousand metres greater, the largest difference 

being nearly 2,000 metres. Mr. Gore does not give 

the data for all those estimates, but only for the 

three to which he attaches most importance, and 

they all include more northerly measurements than 

that of the French arc, so that, if the meridian 

is cardioid, the discrepancies with the French 

arc are a natural consequence of the calculations 

being based on an ehipsoid. Those successive 

estimates all tend to show that it has been a 

mistake to suppose that the surface on which the 

various arcs were measured is an ellipsoid. I am 

not aware that it has ever been suggested that 

there can possibly be such an error in the French 

measurement of 1806 as to account for the dis

crepancies between the estimate based on it and 

those based on the more extensive measurements 

since made. If it be granted that there is not any 

sufficiently important error in the French measure

ment to account for the discrepancies, and that it 

cannot seriously be supposed that all the other 

twelve estimates at variance with it under the 

elhpsoid theory are incorrect, then the evidence 

given by the more recent estimates makes it 

reasonable to infer that the supposed ellipsoid is 

not the true meridian line, especially as a cause 

has been shown for a deviation from that eUipsoid 

to a cardioid form. 

In one important instance a measurement at 

variance with the French estimate of 1806 has 
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been ' corrected' into harmony, or approximate 

harmony, with the latter, and if this latter were 

not also at variance with aU the twelve above 

aUuded to, I would not venture to appear to dis

parage the correction. The story of this measure

ment and its correction is of special interest in 

connection with the present subject. A n 

announcement to the effect that a pendulum 

which had been sent from Paris to South America 

was found to vibrate more slowly than in Paris led 

Sir Isaac Newton to assert in his ' Principia ' that 

the Earth must be an oblate ellipsoid, being 

flattened at the poles by its diurnal rotation. 

This constituted the first discovery of the fact 

that, though the Earth is, roughly speaking, a 

sphere, it is not a perfect sphere but an oblate 

eUipsoid of rotation, making it an oblate spheroid 

instead of a true sphere. The French Govern

ment determined, after long-continued and keen 

discussions, to test this important statement by 

having an arc of the meridian measured in as 

northerly a position as practicable, and for this 

purpose despatched aa expedition to Lapland in 

the year 1736, under the leadership of Maupertuis, 

and containing among their number the renowned 

mathematician Clairaut. The result of the 

measurement was to show not only the flattening 

required by Newton's ellipsoid, but even more 

flattening. That measurement, combined with 

the French arc which determined the length of 
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the m6tre in 1806, is not only incompatible with 

the perfect ellipsoid, but the discrepancy is such 

as also to show the cardioid deviation from the 

ellipsoid; the French arc being shortened as the 

cardioid curve rises, lifting the meridian above the 

eUipsoid level, and the Lapland arc being 

lengthened as the cardioid curve falls again and 

depresses the meridian below the eUipsoid level. 

An expedition, under Svanberg, despatched in 1801 

to remeasure the Lapland arc, shortened the length 

given by Maupertuis; but I understand from the 

figures given by Sir John Herschel (' Outlines of 

Astronomy,' sec. 216) compared with those given 

by Galloway (' Encyclopsedia Britannica,' article 

' Figure of the Earth ') that the Svanberg correction 

of the Lapland measurement still leaves the degree 

somewhat too long for the eUipsoid curve, though 

the remaining discrepancy is comparatively trifling. 

Mr. Gore (p. 169) says that Svanberg's line was 

measured only once, and that it is therefore im

possible to form an opinion as to its accuracy; 

and in face of the twelve estimates to which I 

have alluded as ha-ving since been made, all giving 

a longer meridian than that based on the French 

arc of 1806, and also evidence given by pendulum 

observations to which I shall allude further on, I 

am inclined to think it not improbable that the 

work of Clairaut and Maupertuis has perhaps been 

too much corrected. 

Before passing on to questions regarding the 
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degrees of longitude, I will mention another 

' discrepancy ' in degrees of the meridian which 

resisted many determined attempts to ' correct' it 

into harmony with the supposed eUipsoid shape of 

the Earth, and stiU stands only partially corrected. 

Cassini was one of the principal, if not the 

principal of the numerous opponents of Newton's 

theory of the Earth being an oblate ellipse. H e 

based his opposition on actual measurements 

which agreed with the theory of the shape being a 

prolate eUipse. And in consequence of the argu

ments on the subject, the French measurements 

were revised and extended, with the result that 

a meridian measured through France, on being 

divided into three sections, gave for the lengths 

of the degrees :— 

In the Southern Section . 57,098 toises 

In the Central Section . . 57,060 ,, 

And in the Northern Section 56,960 „ 

These measurements agree with the prolate 

eUipsoid, the degrees shortening in passing from 

the equator to the poles; and Cassini and his 

adherents did not disguise their surprise that any 

one should, in face of this further practical 

evidence to the contrary, which was merely a 

confirmation of previous evidence, persist in 

adhering to the arguments and evidence adduced 

by Newton, for the meridional degrees of his 

elhpsoid gradually increase in length in passing 
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from the equator to the poles instead of decreasing, 

as shown by the above measurements. But 

fortunately Voltaire and Maupertuis had so clear 

a grasp of the broad principles of Newton's 

arguments that they continued to champion his 

views with such determination that the French 

Government at length sent the expedition to 

Lapland, to which I have already alluded as 

resulting in such overwhelming evidence of 

oblateness as to reduce the discrepancy in the 

French arc to the position of a question of detaU. 

The Lapland arc proved too long to suit any of the 

French arc measurements, except by flattening 

the sphere at the poles. Maupertuis revised the 

French arc, with the result of reversing the chief 

part of the evidence against the oblate curve in 

that arc, leaving only slight evidence against it in 

one part of the arc. But this correction by 

Maupertuis, like the subsequent correction of his 

own work by Svanberg, above alluded to, is open to 

the obvious danger that the corrector would natu

rally be on his guard against the introduction of 

any errors in one direction—namely, the direction 

in which he supposed errors to exist—without being 

so specially on his guard against errors with an 

opposite tendency. The fact is that the shortening 

of the degrees northwards along the meridian in 

France, as shown in the detail of the French arc, 

affords evidence to the effect that the cardioid 

curve, after having further south been depressed 
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below the ellipsoid level, is in that latitude either 

rising again to cross the line of the eUipse, or else 

is continuing to rise after having recrossed that 

hne. Thus that discrepancy in relation to the 

elhpse harmonises with the cardioid curve, which, if 

it does not in any part of the meridian shorten the 

degrees northwards, must at least make the length-

ening northwards less rapid than it would other

wise be. Further evidence to this effect and to 

the effect that the Lapland and French arcs are 

not reaUy compatible with the eUipsoid level will 

appear as I now pass on to some discrepancies in 

the lengths of degrees measured along parallels of 

latitude. 

Special attention was directed to the meridian 

measurements by the discussions in connection 

with the calculations by which the length of the 

metre was fixed in 1806. The question as to the 

length of degrees along paraUels of latitude has 

not received so much attention. But these latter 

better suit m y purpose because in some parts of 

the meridian it is difficult to decide theoreticaUy 

whether the change to the cardioid should 

increase or decrease the ellipsoid estimate. 

Thomas GaUoway, in his treatise on the figure 

of the Earth,^ gives the foUowing table showing 

differences between the lengths of degrees ascer

tained by actual measurement along the foUowing 

paraUels of latitude and the respective lengths 

1 Encyclopcedia Britannica, ix, 564, 8th edition. 

G 
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as computed on the supposition of the Earth's 

figure being a true eUipsoid: 

Latitude 

43° 31' 50" 
50° 44' 24" 
50° 44' 24" 
45° 43' 12" 

Measured Degree 

266,345 
232,331 
231,579 
255,480 

Computed Degree 

266,154 
231,542 
231,542 
255,370 

Difference 

+ 1,191 feet 
+ 789 „ 
+ 37 „ 
-t- 110 „ 

It will be noticed that the actual measurements 

show the degrees along the above-mentioned 

parallels to be longer than computed on the suppo

sition of the Earth being an ellipsoid. The 

evidence of those measurements is, in fact, to the 

effect that the surface of the Earth at the ocean 

level in those latitudes is raised above the ellipsoid 

level; and they therefore con-firm the measure

ments already alluded to as showing a .correspond

ing discrepancy between the ellipsoid and the 

measured length of degrees along the meridian. 

Galloway, in commenting on the above discre

pancies, says: ' It is remarkable that all these 

' errors are affected with the same sign; and the 

' circumstance might seem to strengthen the con-

' elusion indicated by a comparison of the errors of 

' the meridional arcs—namely, that the meridional 

' curve is not exactly an ellipse, but protuberant 

' between the latitudes of 40° and 52°; in oonse-

' quence of which the degrees of meridian are 

' shorter, and the degrees of parallel longer, between 
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' those latitudes than if the Earth were a regular 

' eUipsoid.' 

The foregoing makes it, I think, evident that 

the measured lengths of degrees, whether measured 

along the meridian or along the parallels of latitude, 

show that the surface of the Earth in the northern 

hemisphere deviates from the elhpsoid in accord

ance with the suggested tendency to assume a 

cardioid form. 

La CaiUe, in the years 1750 to 1762, made 

measurements at the Cape of Good Hope for the 

purpose of determining the length of a degree of 

the meridian there, and found it longer than 

accepted measurements in corresponding latitudes 

of the northern hemisphere.^ That discrepancy 

agrees with the cardioid figure, for, as the bulging 

of the spheroid in the northern hemisphere shortens 

the degrees, the subsidence in corresponding lati

tudes south lengthens them. La CaiUe supposed 

he had discovered that, as a matter of fact, the 

hemispheres are not symmetrical, but measure

ments made in 1848 by-Maclean gave an opposite 

discrepancy, thus making it out of place to base 

any argument on La CaiUe's work. 

I now pass on to the evidence given by the 

vibrations of the pendulum. 

The discrepancies between the observed vibra

tions of the pendulum in different latitudes, and 

those computed on the supposition of the Earth 

1 Geodesy, by J. H. Gore, New York, 1891, p. 118. 

G 2 
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being a true ellipsoid, do not in many places appear 

yet explicable; but the important feature of the 

bulging of the ellipsoid in the northern hemisphere, 

between latitudes 40° and 52° N., changing the 

ellipsoid to a cardioid, is indicated by the average 

of the observations given by Galloway (page 574) 

in those latitudes, which give the increased or 

decreased rate of observed vibrations as compared 

with the computed vibrations in twenty-two 

observations as foUows : — 

1-16 
1-32 
2-53 
2-24 
1-98 
0-92 
1-68 
1-34 

-1-12 
+ 0-09 
-t- 0-14 
-0-98 
-0-84 
-1-03 
-0-74 
-0-74 Average 

-0-74 
-0-74 
-0-74 
-0-74 
-0-74 
-0-75 

-1-05 

T h e s e vibrations of the p e n d u l u m corroborate 

the m e a s u r e m e n t s in those latitudes, as the 

cardioid form gives slower vibrations there than 

the eUipsoid form, because, the surface being raised 

above the supposed level in those latitudes, the 

force of gravitation at the ocean level is less, a n d 

the vibrations of the p e n d u l u m consequently slower 

t h a n the estimate. T h e m o s t northerly observation 

given by GaUoway is in Spitzbergen, 79° N., where 

the observed as compared with computed vibration 

was -t- 3-70, showing a quicker vibration than 

computed for the elhpsoid. This quicker vibration 

corroborates the measurement by Maupertuis in 



THE CAEDIOID EAETH 85 

Lapland, which flattens the elHpsoid there, and 

also agrees with the cardioid form, which, if giving 

a slower vibration in the temperate zone, would 

give a quicker vibration than the ellipsoid in high 

latitudes, because the cardioid raises the level in 

the temperate zone above, and depresses it in 

higher latitudes below the elhpsoid level. 

GaUoway does not give any pendulum observa

tions taken by Maupertuis, but Mr. Gore states 

that the latter records that the so-called discrepancy 

in his measurement of the arc of the meridian in 

Lapland was corroborated by pendulum observa

tions, and I have not found it anywhere stated 

that those observations were corrected by Svanberg 

when, as above pointed out, he corrected the 

meridian measurement. 

The above evidence given by the vibrations of 

the pendulum seems clearly to corroborate that 

given by the measurement of degrees of latitude 

and longitude with which I have dealt, and suffice, 

I think, to show that a deviation from the ellipsoid 

to the cardioid does actually exist. I have else

where given other measurements to the same effect; 

but in many cases complex considerations are 

involved, and in many others the discrepancies as 

regards the eUipsoid, both in the measurements of 

degrees and in the vibrations of the pendulum, 

appear inexphcable, even with the substitution of 

the cardioid curve, which seems as yet to give 

merely a step which clearty solves some of the 
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discrepancies but leaves many others still un

explained. 

The stitching round a cricket-ball affects the 

relative lengths of its diameters more than the 

relative lengths of the Earth's diameters is affected 

by its axial rotation, though this difference, caused 

by the change from the sphere to the ellipsoid, is 

about twenty-six miles ; and the difference of the 

ocean level in the two hemispheres, caused by the 

change from the elhpsoid to the cardioid, is perhaps 

a quarter of a mUe in the temperate zones, and one 

or at most two miles in the polar regions. Thus, 

though in general terms it is sufficiently correct to 

call the Earth a sphere, which is, more accurately 

speaking, an oblate spheroid, that spheroid is not 

a true ellipsoid of rotation, but deviates from that 

towards a cardioid form. 
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F O U B T H E S S A Y 

TEEEESTEIAL MAGNETISM 

I "^"ENTUEE to give some reasons for considering 

that a paper read at a meeting of the Eoyal Geogra

phical Society, March 17,1897, by Mr. A. E. Eeeves, 

places the science of terrestrial magnetism on a 

new basis, and constitutes the greatest advance in 

our knowledge of the subject that has been made 

in recent times. The new position to which I aUude 

has been created by the arguments by which Mr. 

Eeeves makes it appear evident that it is a mistake 

to suppose, as aU authorities have hitherto, either 

expressty or tacitly, done, that the Earth is magnet

ised in the direction of the north and south 

magnetic poles at an angle, or at various angles, 

crossing the axis of rotation. His arguments seem 

to show that the axis of rotation is also the 

magnetic axis; and this now, for the first time, 

clears away some difficulties which baffled Edmond 

Halley two hundred years ago, 

HaUey, in papers presented to the Eoyal Society 

in the years 1683 and 1695, gives lists of variations 

of the compass then recorded in different parts of 
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the world, and from those observations he arrives 

at the conclusion that they indicate the action of 

at least four magnetic poles, two situated near 

the North Pole and two near the South Pole. 

Mr. Eeeves points out that if the Earth is 

magnetised in the line of the axis of rotation, the 

angle which the vertical needle at the magnetic 

pole makes with a line parallel with the Earth's 

axis is a reason for the north pole of the needle 

to point southwards in positions between that and 

the geographical pole, as it is known to do to the 

north of the North American magnetic pole. 

OS « 

Fia. 2.—The Magnetic Nbbdlb. 

Let a h represent the direction in which the 

north pole of the needle points at the equator, and 
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c d the vertical needle at the so-called north 

magnetic pole. Between the latter and the geo

graphical pole the area is entered in which the 

magnetic hues are parallel, and therefore the 

horizontal component of the direction in which 

the north pole of the needle points in the line e f 

is south, as it must point from north to south 

across the vertical hne x y. 

If it be admitted that the magnetic axis is not 

merely a mathematical hne, but that the north 

and south magnetic poles must each represent 

an extensive area of the Earth's surface, the 

phenomena above indicated seem to be almost 

necessary consequences. 

The above argument, which, notwithstanding 

its manifest simplicity, is, as far as I know, now 

first invented by Mr. Eeeves, is almost obviously 

apphcable to every meridian, and shows that if the 

Earth's magnetic force were equal on all meridians 

then the position of a dipping needle would be 

vertical aU along a paraUel of latitude immediately 

outside each of the polar areas, and also at the 

north and south poles of the Earth's axis of 

rotation. And the horizontal direction of the 

needle in both of the polar areas, wherever sufficient 

deviation from the vertical to show any horizontal 

direction existed, would give the north pole of the 

needle a southerly direction aU over both those 

areas. 

As, however, the meridians and portions of 
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meridians which traverse the oceanic areas are 

weaker magnetically than those which traverse 

the intermediate continental areas, the Earth 

presents the phenomenon of a flattened magnet, 

the shoulders of which tend to form the four poles 

, required by Halley. But for this fiattening of the 

magnet the needle would not become vertical on 

any one meridian sooner than on any other as the 

polar regions are approached. And after crossing 

the circle, or paraUel of latitude, in which the 

needle became vertical, the north pole of the needle 

would, being then over one end of the great 

terrestrial magnet, turn southwards, instead of 

northwards as it does all round the sides of that 

great magnet by which it is controlled; and on 

reaching either pole the needle would again become 

vertical. It is only the fiattening of the magnet 

that creates, before the true poles are reached, 

superficial magnetic poles over each shoulder of 

the magnet. 

The two northern poles, one in America and 

the other in Asia, have been discovered since 

Halley's time; the former by the expeditions 

under command of Sir Wilham Parry in 1819 

and Sir John Eoss in 1831, and the latter by 

Professor Hansteen in an overland journey through 

Siberia in 1827. One of the south poles—namely, 

that on the Asiatic side, south of Australia—was 

also approached in 1841 by the expedition under 

command of Sir James Eoss, leaving only the 
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South American pole to be discovered to complete 

the four poles required by HaUey. 

Halley's opinion that at least four poles are 

requisite to account for the variations of the 

needle may not improbably be justified by its being 

found that the African continent gives prominence 

to a third Antarctic magnetic shoulder, making in 

aU, for practical purposes, five magnetic poles. 

HaUey was perplexed at finding that at least 

four poles were required to explain the variations 

of the compass, and to account for them suggests 

that there may be an interior sphere within the 

Earth with different magnetic poles and a different 

period of rotation, and perhaps again a smaller 

sphere within that interior sphere; but Mr. Eeeves's 

paper now, for the first time in history as far as 

I know, gives a clue which shows that Halley's 

poles can be accounted for on the supposition of 

the Earth being only one magnet, of which the 

magnetic axis is the same as the axis of rotation. 

Mr. Eeeves's paper contains points on which I 

have no reason to comment, as m y object is to 

submit a few observations, partly according with 

and partly in modification of Halley's views 

regarding the variations of the needle, as the 

removal of the above difficulty by which he was 

perplexed opens new questions for discussion on 

the new basis on which the subject has been 

placed. 

First, as regards the diurnal variation. I have 
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elsewhere long ago pointed out, without then 

supposing the matter to be connected with the 

present question, that a revolving force within the 

Earth tends to make the equatorial regions rotate 

in about eighty minutes, but the extra-tropical and 

polar regions form a drag retarding the motion of 

the outer crust of the Earth and preventing it from 

keeping pace with a fast rotating fluid interior. 

Also, that the sun's gravitation is not only the 

controlling force in the Earth's orbital motion, but 

also the motive force, and that it tends to raise a 

tide on the part of the Earth's surface which may 

from time to time be in advance in the line of the 

orbital motion. 

Part of the outer crust of the Earth is over the 

position of the interior tide every morning, and 

then passes on eastwards, leaving the tide in the 

same position in relation to the centres of the 

Earth and the sun, thus giving a cause for a diurnal 

variation of the declination of the needle if the 

fast rotating interior is the principal source of the 

Earth's magnetic force. 

The facts that in the early morning in the 

northern hemisphere the north pole, and in the 

southern hemisphere the south pole of the needle 

turns eastwards, and during the forenoon and 

midday in the northern hemisphere the north 

pole, and in the southern hemisphere the south 

pole of the needle turns westwards, accord with 

the suggested position of that tidal action. 
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Secondly, as regards the annual variation. 

Every year the north pole falls towards the posi

tion of the tide just described from the vernal to 

the autumnal equinox, and then recedes from it, 

so that the tidal action is in its most northerly 

position at the time of the autumnal equinox, and 

at its most southerly position at the time of the 

vernal equinox. Thus this annual swaying of the 

tidal action between the northern and southern 

hemispheres gives a cause for an annual variation 

by a more compUcated action than that which 

causes the diurnal phenomena to which I have 

above aUuded. The action is merely a comphca-

tion of precisely the same action as that of the 

diurnal variation, being due to a movement of the 

diurnal morning tide northwards and southwards 

once in each revolution of the Earth round the sun. 

And, thirdly, as regards the secular variation. 

Though, for the sUght difference between the 

periods of rotation of the outer and interior parts 

of the Earth which HaUey suggested to account 

for the secular variation in the declination of the 

needle, I have substituted a much greater differ

ence of velocity, changes of the bearing of the 

deep-seated force of magnetism in relation to the 

surface of the Earth may nevertheless account for 

the secular changes as suggested by HaUey; for 

the secular variation may be the effect of a tidal 

action precisely similar to that which I have 

suggested as the cause of the annual variation. 
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Just as the north and the south poles alternately 

sway towards and from the direction of the 

Earth's orbital motion, so also they may be slowly 

swaying in another line of motion caused by a 

force which completes a cycle in a long series of 

years. 

In such case the secular variation and the 

annual variation are both due to derangements of 

the diurnal tide caused by the action of the forces 

which draw the Earth onwards and make it sway 

in its lines of progress through space. It is true 

that some eminent authorities have supposed 

this secular variation to be in some manner more 

directly due to the sun's action; but that was not 

the opinion of Halley nor of Airy, nor of many 

other students, who have argued that magnetic 

action proceeds directly from far below the Earth's 

surface. Captain Craik, in his article on the 

subject, published with the ' Challenger' Eeports, 

dealing with the most recent investigations, gives 

a decided opinion to the effect that this secular 

variation is chiefly due to continuous redistribution 

of magnetical matter in the interior of the Earth. 

An objection which may on first thought be 

suggested as regards the tidal influence on the 

needle is that, as the moon's tidal action on the 

ocean is greater than that of the sun, variations at 

lunar intervals ought to be more marked than 

those which follow the diurnal and annual changes 

of the sun's position in relation to any part of the 
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Earth's surface ; whereas, in fact, though attempts 

have been made to connect the moon's influence 

•nith magnetic changes, it has never been accepted 

as an important factor. Professor Sylvanus 

Thompson, now a leading authority, alludes to 

variations which foUow the changes of the moon's 

position as comparatively infinitesimal, the diurnal 

as weU as the annual variations being chiefly 

dependent on the position of the sun. 

Against the above objection to the effect that, 

in any tidal action, the moon's influence should 

be more eflfective than the sun's, it may, however, 

be urged, in the first place, that the solar tide in 

question is the only tide raised by any force yet 

discovered which, as far as practical purposes are 

concerned, has an effective action in carrying the 

Earth along through space; and, secondly, a 

magnetic action similar to that which I now 

connect with the sun's action I long ago suggested 

to be connected with a motion of the Earth south

wards through space, causing the configuration of 

the Earth which forms the depression in which the 

great southern ocean rests, whilst the mean level 

of the northern hemisphere in corresponding 

latitudes is elevated. And I then also suggested 

that the same action must tend to depress the 

Arctic and to elevate the Antarctic regions. 

Though a good deal has in the meantime been 

•written against the probabUity of the relative 

distribution of land and water in the Arctic and 
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Antarctic regions being as above suggested, those 

views have now, I think, been fully justified ; first, 

by the results of the expedition under Sir George 

Nares, and more recently by that under Dr. 

Nansen. A slow change in the direction of the 

motion which causes that configuration of the 

Earth, and of the variation of the tidal action 

dependent on the force by which that motion is 

caused, supply a cause for the secular variation 

of the declination and inclination of the needle. 

The chief factor in causing the secular variation 

may, in such case, remain unknown until the 

cause of the motion southwards and its connection 

with the paramount force of magnetism within the 

Earth has been discovered. But, according to the 

foregoing suggestions, the diurnal and annual 

variations of the needle are due to tidal disturb

ances of that magnetic force within the Earth by 

the sun's action on it as the Earth rotates on its 

axis and revolves round the sun. 

The views just above alluded to as connecting 

the configuration of the Earth with magnetic 

action are merely extended by the arguments of 

this paper, which have been rendered possible by 

Mr. Eeeves's arguments to the effect that the 

magnetic poles of the Earth's surface are superficial 

accidents which are not at variance with the 

supposition that the Earth, ip fact, rotates on its 

magnetic axis. 
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F I F T H E S S A Y 

THE SPINNING-TOP 

In two public lectures which I delivered in the 

year 1877, and which now form Chapters VI. and 

YII. of m y work on' The New Principles of Natural 

Philosophy,' I explained how the combined action 

of astral gravitation resists the orbital motions of 

the planets and forms the centrifugal force which 

keeps them from faUing towards the sun; and at 

the same time I pointed out that a similar action of 

gravitation is the force which supports the spinning-

top, preventing it from falhng on its side whilst 

rapidly rotating. 

I wiU iUustrate the position in which the dis

cussion of the theory of the spinning-top now 

stands by one of many interesting points in a 

lecture delivered by Professor John Perry in 1890, 

and pubhshed under the title ' Spinning-Tops.' 

•The term' precession' is applied by Professor Perry 

to the revolving motion of the top when rotating 

in an inchned position. 

Professor Perry says : ' Eapid rising to the 

uprighfc position is the invariable sign of rapid 

rotation in a top. ... All so well known as this 

H 
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rising tendency of a top has been ever since tops 

were first spun, I question if any person in this 

hall knows the explanation, and I question its being 

known to more than a few persons anywhere. Any 

great mathematician wiU tell you that the explana

tion is surely to be found published in ' Eouth,' or 

that at all events he knows men at Cambridge who 

surely know it, although he has now forgotten 

Fig. 3 
The Spinning-Top. 

Fig. 4. 
From Pbofessob John Pbery's 

Diagrams 32 and 33. 

those elaborate mathematical demonstrations which 

he once exercised his mind upon. I believe that 

all such statements are made in error, but I cannot 

be sure. A partial theory of the phenomenon was 

given by Mr. Archibald Smith in the ' Cambridge 

Mathematical Journal' many years ago, but the 

problem was solved by Sir Wilham Thomson and 
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Professor Blackburn when they" stayed together 

one year at the seaside reading for the great 

Cambridge mathematical examination.' . , , ' The 

simple reason . . . Thomson gave m e sixteen years 

ago.' . . . ' As I am not touching the top, and as 

the body does rise, we look at once for something 

that is hurrying on the precession, and we natu-

raUy look to the way in which its peg is rubbing on 

the table, for, -with the exception of the atmosphere, 

this top is touching nothing else than the table. 

. . . You wiU observe that the peg (fig. 3) 

is roUing round a circular path on the table, a 

being nearly motionless, and the axis a g a de

scribing nearly a cone in space whose vertex is a, 

above the table. Fig. 4 shows the peg enlarged, 

and it is evident that the point, b, touching the 

table is really like the bottom of a wheel, b, b, and 

as this wheel is rotating the rotation causes it to 

roU into the paper, away from us. But observe 

that its mere precession is making it roU into the 

paper, and that the spin, if great enough, wants to 

roll the top faster than the precession lets it roU, 

so that it hurries on the precession, and therefore 

the top rises. That is the simple explanation : the 

spin, so long as it is great enough, is always hurrying 

on the precession.' 

In a footnote to part of the foregoing Professor 

Perry says: ' W h e n this lecture containing the 

above statement was in the hands of the printers, 

I was directed by Professor Fitzgerald to the late 

H 2 
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Professor Jellett's ' Treatise on the Theory of 

Friction,' pubhshed in 1872, and there at page 181 

I found the mathematical explanation of the rising 

of a top.' 

Fig. 5.—The Spinning-Top. From part op Diagram 28 in 
Professor John H. Jellett's ' Theory of Friction.' 

A, Q, z, s. Meridional Section; Q, N, s, o. Equatorial Section; G, Centre of Gra-rity; 
A, z, Ajxia; Q, s, Equatorial Diameter ; N, o. Equatorial Diameter, perpendi
cular to Q, s ; T, B, Horizontal Plane on which the top rests; the line H, o, and 
the plane Q, N, B, o, are perpendicular to the plane of the paper, and the other 
lines all in that plane ; T, the point at which the lines c, T, and p, t meet, is 
also the point of contact with the ground. 

I will now turn to the work of Professor 
Jellett, where the action of the friction aUuded to 

as above by Professor Perry as the cause of the 
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top rising to an upright position is treated in a 

detailed and clearly defined manner. 

Professor JeUett says : ' W e shall assume, for 

the purpose of simplifying the question, that the 

motion of rotation round the axis of figure is so 

rapid, as compared with either of the other angular 

mqjtions of the body, that in determining the direc

tion of the force of friction the motion of t 

(fig. 5), considered as- a point in the body, may 

be taken to be perpendicular to the plane of the 

paper. If, therefore, the rotation be in the direction 

of the arrow at x, the force of friction is parallel 

to the line n, o, the velocity of rotation being so 

great that there is necessarily shpping at t.' 

As regards the above, I say, first, if the 

equatorial diameter, Q.'Vr.-'̂ ere perpendicular to 

the horizontal plane, t e, then the friction at the 

point of contact (which would then be s instead of 

t) would be perpendicular to the plane of the paper. 

And that is the only position in which the friction, 

if it can be said to be perpendicular to the plane on 

which the top rests in any position, can be so. 

Secondly, if the axis of rotation, a z, were 

perpendicular to the horizontal plane, t e, on 

which the top rests, then the friction at the point 

of contact (which would be z) would be not only 

perpendicular to the plane of the paper, but also 

in that plane, and at every intermediate angle ; 

and at the same time it would be entirely in the 
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horizontal, plane on which the top rests, and not at 

any angle to that plane. 

In the latter position (upright), the' motion of t ' 

is parallel to the horizontal plane on which the top 

TJpwwrd tangent to a, h, c, A 

Eorisontal tangent 
to b, c, d, a. 

Fig. 6.—The Spinning-Top. 

a, y is the primary force of resistance which keeps the top from falling, and 
makes it revolve in tjie direction a, e, c; h, z is the secondary force which 
resists the revolving motion e, f, g, h, and lifts the top in the direction! 6, e, d. 
Bach of those motions moves the centre of gravity, e, in an effort to equalise 
the combined velocities of rotation and revolution in all parts of the top. 

rests, and becomes perpendicular to that plane only 

when the top has fallen through 90°, making the 

plane of its rotation perpendicular to the horizontal 

plane on which it rests. 
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I do not doubt the correctness of Professor 

JeUett's mathematics, but I am not sure that 

the conclusion he arrives at, to the effect that 

the friction at the point of contact with the plane 

on which the top rests tends to cause it to rise to 

an upright position, is not vitiated by the transition 

of the data on which the argument is based from 

the plane of the paper to that on which the top 

rests. Be that however as it may, the fact is 

that by a simple mechanical arrangement the 

top can be spun without any such friction, and 

if then given a motion of revolution similar to 

that of the common spinning-top, it will also rise, 

clearly showing that there is some other force 

than the friction at t, which tends to lift it 

into an upright position. It seems to m e that 

Professor JeUett's argument is intrinsically correct, 

and that the resisting action of friction which he 

applies to the point of contact with the ground is 

identical with the resisting action of gravitation 

which I apply to every particle of the top. He, in 

fact, deals with merely a fraction of the resisting 

action of gravitation. 

I will first show the manner in which astral 

gravitation brings the common spinning-top to an 

upright position, and then show the same action on 

a top not supported on its peg but suspended from 

opposite points of an equatorial diameter. The 

effect of the demonstration I am about to give 

will be to show that it is an excess of centrifugal 
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force on the side s (fig. 5), over that on the side q, 

acting with the point of the top's contact with the 

ground, as a pivot for leverage, that lifts the top, 

because it endeavours to bend the plane of rota

tion on the side s (fig. 6), away from that point and 

on the side q towards it. 

The following explanation of the manner in 

which astral gravitation supports the common 

spinning-top and brings it to an upright position is 

given in Proposition XXV., book x., of ' The 

Ocean.' 

Suppose the velocity of rotation of the top 

shown in fig. 6 to be expressed by any figure, 

say 8, in the direction a b e d , and the resist

ing force of astral gravitation to be as the square 

of the velocity acting in the same manner as I 

have shown, that it supports the Earth against 

the sun's gravitation, then the resistance of astral 

gravitation is as the square of 8 on each side; but 

immediately the top moves downwards from that 

position, say with the velocity of 4 in a downward 

direction, then the particles on the side d a b , with 

this motion added to them, have their velocity 

increased; and that velocity of 4 added to the 

velocity of 8 makes the velocity of 12, whereas the 

velocity on the side b c d is reduced to 4 ; so that 

the resistance of astral gravitation on one side is 

16, the square of 4, whereas the force on the other 

side is 144, the square of 12 ; so that the force of 

astral gravitation on the side d a b is 144, drawing 
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upwards, and on the side bed, 16, drawing down

wards. Thus there is a difference of 128, repre

senting an excess in the force of astral gravitation 

drawing upwards ; and unless the Earth's power of 

gravitation drawing downwards exceeds that dif

ference of 128 the top cannot fall; it is then 

supported, and it is only when the top's rotation 

becomes so slow that the Earth's power of gravita

tion dragging it down is greater than the difference 

between those two forces of astral gravitation that 

the top can faU. 

The tangential action of the force at a, which 

supports the top (constantly lifting that side whilst 

the side, c, faUs) carries the top round with the 

motion of revolution in the direction e f g h. A 

force of astral gravitation at the point b then resists 

this horizontal motion exactly as that at the point 

a resists the downward motion; and the tangential 

action of the force at b also supports the top, 

because it tends to carry the point b farther than 

the point d from the centre x, just as the tangential 

action at the point a makes the top revolve by 

tending to carry the point a farther than the point 

c from the centre x. If the velocity of rotation be 

great, the force at b will lift the top into an upright 

position, in the same manner as the force at a 

carries the top round in the direction e f g h. 

To show that it is the centrifugal force in the 

plane of rotation, and not the friction at the point 

of contact with the ground, that lifts the top to 
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its upright position, take, instead of the common 

top of figure 6, a gyroscopic top arranged as in 

figure 7, in which the top may be supported 

either on a bar passing through a hollow axis, 

or else, in order to reduce the friction, it may 

hang on pivots inserted into slight hollows at each 

end of the axis of rotation. If, then, the top be 

evenly balanced on the gyroscope, it will not have 

Fig. 7.—A Gyroscopic Top. 

The disk on the right-hand side is the top, which rotates on pivots at each end of 
its axis. In the block A a pivot allows the top to move vertically; and the 
supporting rod which rests in the hollow stand allows the top to revolve. 

any motion of precession unless some force is 

specially applied to give it that motion; and if the 

direction of that precession be given in the same 

direction as that of the common top, then the 

gyroscopic top will rise and bring its axis to as 

nearly a vertical position as the mechanism will 

allow. The action of the centrifugal force is there 

precisely the same as in the common top, and the 

same rising motion occurs, though the friction to 
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wliich Jellett and Perry attribute the rising of the 

top does not exist. 

Further evidence that the centrifugal force is 

correctly treated as the cause of the rising of the 

common top is to be obtained from the above 

mechanism by reversing the direction of the 

precession. The excess of centrifugal force will 

then be on the upper side of the top and will force 

the top downwards instead of upwards, and by the 

motion in that direction \riU bring the axis to as 

nearly a vertical position as the mechanism will 

admit. 

If the foregoing were not sufficient to show 

that the friction at the point of contact with the 

ground is not the force which lifts the top, other 

experiments, as I now pass to another point at 

issue which requires attention, will incidentaUy 

support that evidence. 

That the precession, or revolving motion, of 

the common top when spinning in an inclined 

position is not dependent on the rolling of its peg, 

like a wheel, on the ground may be shown by the 

same gyroscopic top shown in fig. 7 (p. 106). 

In the first place, whUst the top is spinning 

balanced as in that figure, remove the balance 

weight, w, so that the Earth's gravitation may 

tend to pull the top down just as it tends to pull 

down the common top. It will then be seen that 

the gyroscopic top, instead of falling, will instantly 

have the same revolving motion as the common 
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top. That is to say, its precession will be in the 

same direction as that of the common top. But 

if, instead of removing the balance weight, an 

extra weight be added so that the Earth's gravita

tion, by tending to pull the weights down, tends to 

make the top' rise instead of fall, then there will 

instantly be a motion of precession, but in the 

opposite direction to that of the common top. In 

each case the precession agrees with the excess of 

centrifugal force acting from the pivot, a (fig. 7), 

on which the top is supported. There is no rolling 

motion at the pivot, or at the point of the support

ing rod, which is inside the stand and is always 

vertical. There is no roUing motion with the 

onward motion of precession. It is thus evident 

that the precession is 

O dependent on the cen

trifugal force and not 

on any rolling of the 

"""" ^ \ psg along the ground. 

M' Further evidence 

i that neither the fric-

11 tion nor the rolling of 

^__J § ^ the peg is the cause of 

'^^^B^^^mrjj^-j^^^rEns^smE? the top rising can be 

'̂ '̂ =̂=:Ê ^̂ 3:z:̂ r̂ =̂'̂ '' obtained by making 

Fig. 8. the peg of the top 

slightly concave, 

instead of pointed, and then placing it whilst 

rotating in an inchned position on a sharp-pointed 
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support, as in fig. 8. By that arrangement there 

is neither the rolhng motion on the ground 

required by the Kelvin-Perry part of Professor 

Perry's argument nor the friction required by the 

JeUett-Perry theory, for the friction of the top 

against its point of support is reversed whUst the 

top is in the inclined position; but notwithstanding 

that reversal of the friction, the top so arranged 

revolves just as a common top does, and as it 

revolves it gradually rises to an upright position 

just as a common top does. 

Professor Perry has, I presume, ascertained by 

experiments that a top with a smoothly rounded 

peg rises to an upright position more quickly than 

with a pointed peg, so that the rapidity of rising 

appears in the common top to be proportioned to 

the diameter of the peg at the point of support, or, 

in other words, to the diameter of the wheel on 

which it revolves, and Professor Perry has there

fore perhaps accepted that as evidence that it is 

the rolling of the peg on the ground that causes 

the top to rise. The experiments I have shown 

have made it, however, clear that the top will rise 

without any such roUing motion, and careful 

observations of the motion of a common top make 

it, I think, clear that the reason why a top with a 

sharp-pointed peg rises more slowly than with a 

smoothly rounded peg is that the pointed peg 

resists the slipping which the force of gravitation 

tending to draw the top down tends to cause; 
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whereas when the top is spun on the rounded peg 

the peg more readily yields to the slipping motion, 

aUowing the top to yield more directly to the 

downward force of gravitation, and the resisting 

force of gravitation, increasing as the squares of 

the resulting velocities, in the tangents a and b, 

fig. 6 (p. 102), consequently lifts the top more 

rapidly. With a ball instead of a point for a peg 

the rise of the spinning top to an upright position 

seems to be as quick as its fall to a prostrate posi

tion would be if not spinning. For the centre of 

gravity, G (fig. 6, p. 100), to fall in the straight line 

G E, the point of support, t, must slip away farther 

from the point e ; and as it does so the resistance 

of astral gravitation at the point o gives the top a 

horizontal twist, instantly followed by a vertical 

' twist given by the resistance of astral gravitation 

at the point s, and the combination of these 

actions brings the top by a spiral motion to the 

upright position. 

Perhaps some who have followed the argument 

by which I have shown that centrifugal force, and 

not either the friction or the roUing of the peg on 

the ground, causes the revolving motion in the hori

zontal plane, and also that in the vertical plane 

which lifts the top to an upright position, may, 

whilst agreeing as to those motions being caused 

by the centrifugal force, be disposed to consider the 

direct action of the motion, and not the force 

which resists the motion, to be the centrifugal force. 
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The view taken by Edward John Eouth in his 

' Dynamics of a System of Eigid Bodies,' published 

in 1860, is evidently to the effect that the direct 

action of the motion controls all the movements of 

the top ; but his mathematical demonstrations may, 

I think, be regarded rather as explanations of what 

the relative velocities of motion, in different posi

tions and movements of the top, must be round the 

three axes—namely, the axis of rotation ; that of 

horizontal revolution, to which Perry has applied the 

term ' precession ;' and ihat of vertical revolution, 

to which Perry has apphed the term ' nutation.' 

Eouth's demonstrations can scarcely be considered 

as explanations of the cause of those respective 

movements, whereas Professor Perry's work is an 

attempt to solve the causes. I do not doubt the 

correctness of Professor Eouth's demonstrations, 

and, if correct, an analysis of them must of course 

show that a combination of the rotating and hori

zontal velocities calulated for a top under the con

ditions shown in figure 6 (p. 102) gives the point 

d less velocity than the point b; but there does 

not appear to be anything in his argument to show 

that he reahsed the fact that the rising of the top 

from that inclined position is dependent on the 

excess of centrifugal force at b over that at d being 

greater than the force of the top's gravitation to 

the Earth. Eouth is correct as far as he goes, in

asmuch as he avoids the mistake of treating either 

the friction or the rolling of the peg as the cause 
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of the top rising, and ascribes this entirely to the 

momentum of rotation; but, as above stated, he 

does not seem to have realised that the manner in 

which the centrifugal force tends to bend the plane 

of rotation, a b e d (figure 6, p. 102), so as to 

bend the point b away from the pivot x, and at the 

same time to bend the point d towards x, is the 

force which lifts the top to the upright position. 

And he certainly had no idea of the lifting being 

due, not to the direct action of the motion, but to 

the force of gravitation which resists that motion. 

A I D A F 
——-~s. I / '̂  • 
B )C \ / C( I 
a" 

Fia. 9.—The Pebble Fig. 10.—The Pebble Fig. 11. 
at Best. Spinning. 

I will now pass to some phenomena which show the 

importance of this distinction more clearty than it 

is shown by the phenomena of the common spinning-

top. 

The Spinning Pebble.—Professor Perry aUudes 

to the following phenomenon observed by Lord 

Kelvin and Professor Blackburn when spinning 

pebbles on a beach at the seaside, a c a c, in 

fig. 9, represents a water-worn pebble of eUipsoid 

shape. If given a rapid spinning motion round 

the axis, a a, it will change its positions until it gets 
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on its longest axis, o c, and will then smoothly 

continue its horizontal spinning standing upright 

on that axis as in fig. 10. I have drawn fig. 11 

for the purpose of pointing out that when the pebble 

is given the horizontal spiii 6R th§ axis, a a, the 

particles in each end portion of the pebble—namely, 

the two portions f g c and d e c, in which the 

mean position of the particles is more remote 

from the centre than that of the particles within 

the central portion, d e g f—have a mean velocity 

very much greater than the mean velocity in the 

central portion; and the resisting force of astral 

gravitation, acting on each particle with a force as 

the square of its velocity, therefore turns the pebble 

about until it gets into the position in which there 

is least inequahty in the velocity of the horizontal 

motion of rotation, which is the upright position. 

To illustrate the above more definitely, let the 

pebble be so shaped that a central sphere, d e 

G p, may be one half of the pebble and its momen

tum the same whether rotating on the axis a a, 

or on the axis c c; and let the two remaining 

quarters, on opposite sides of the central sphere, 

be similar, and so shaped that when the pebble 

is rotating on the axis a a, their combined 

momentum may be three times the momentum of 

the central sphere. Then the motion of the cen

tral half, D E G F, being any quantity, say 10, 

that of the two quarters, d c e, and f c g, is 

30; and the resistance of astral gravitation, as the 

I 
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squares of the velocities, is 100 in the central half 

and 900 in the other half of the pebble, or together 

1,000. But when the pebble, if sufficiently elon

gated, rises and rotates on the axis c c, the 

momentum of the iofiQ q̂ tlalters would become less 

thaii that of the central half; let us, however, 

suppose it to be reduced only to equality, and let 

us also suppose that the rotation of the pebble 

changes from the axis a a to the axis c c, with

out reduction of momentum. Then half the 

momentum is in the central half of the pebble and 

the other half in the two quarters, and the 

doubled velocity of rotation this requires in the 

central half, if the total momentum remains the 

same, makes the resistance of astral gravitation 

there 400 instead of 100, whilst in the other half 

it is 400 instead of 900. Thus, with the same 

momentum round the axis c c, as originally 

imparted round the axis a a, the resistance of 

astral gravitation is as 800 to 1,000. That is to 

say, astral gravitation offers only four-fifths as 

much resistance to any momentum round the 

axis c c, as it offers to the same momentum 

round the axis a a. And as long as the velocity 

which sufficed to lift the pebble to the upright 

position lasts, that, instead of the prostrate position, 

is the position of equilibrium in the combined 

action of gravitation. 

The Spinning Ball.—In a paper ' On the 
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Irregular Flight of a Tennis-BaU'* (to facilitate 

the discussion of which I have drawn the accom

panying fig. 12, p. 116) Lord Eayleigh shows that 

a baU, a h, projected horizontally in -the direction 

of the arrow x y, and rotating about a vertical axis 

in the direction of the smaller arrows, deviates 

from the vertical plane x y towards the position z. 

Lord Eayleigh teUs us it is sometimes supposed 

that the above phenomenon is due to a frictional 

roUing of the ball on the condensed air in front of 

it; and he then refutes that theory by pointing 

out that the actual deviation is in the opposite 

direction to that which it requires. Lord 

Eayleigh then modifies a theory given by 

Professor Magnus, and says that the pressure in 

front of the baU is augmented on the side a, and 

diminished on the side b, by the motion of 

rotation, so that an excess of lateral pressure thus 

created on the side a makes the ball deviate to z 

instead of traveUing to a^ ¥. The theory is 

obviously plausible. If, instead of the ordinary 

baU, a rotating disk be allowed to swing as a 

pendulum, a sitmlar deviation from the vertical 

plane occurs, so that its motion agrees with Lord 

Eayleigh's explanation regarding the tennis-ball. 

If, however, the rotating disk be covered with a 

metal case so that the air inside the case swings 

with the pendulum, then there is no longer the 

^ Scientific: Papers, by John William Stnitt, Baron Bayleigh, 
1899, i. 344. Bepublished from Messenger of Mathematics, 1877, 

I 3 
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Fig. 12.—The Spinning Ball Peojectbd. 
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excess of pressure on the side a, to which Lord 

Eayleigh attributes the deviation from the vertical 

plane; but the pendulum wiU nevertheless deviate 

from that plane in the same manner as when the 

disk is exposed. 

Professor Andrew Gray gave an iUustration of 

the latter in the Eoyal Institution on April 29 

last year (1899). That experiment not only shows 

that the pressure of the air is not the only force in 

action, but also confirms the action of astral gravi

tation, the resisting action of which, being as the 

square of the velocity of motion, resists each 

particle when at the point a more than when at 

the point h. The pressure of the resistance of the 

air described by Lord Eayleigh is simUar to that 

of the resisting action of gravitation, the friction 

between the air and the surface of the ball being 

in fact the action of gravitation between particles 

in contact; but I claim that Professor Gray's 

experiment shows the action of gravitation to be 

the basis of the resisting force which causes the 

deviation even when that friction is ehminated as in 

Professor Gray's experiment. 

The vis inertias with which the baU resists the 

effort made to lift it and set it in motion is 

the action of universal gravitation on it; and the 

resistance of that action of gravitation is as the 

square of the velocity of the motion impressed on 

each part of the ball. 

The Doubly Rotated Gyroscope.—Let an or-
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dinary gyroscope be given a strong motion of 

rotation, with its axis, c d, in fig. 13, in a vertical 

position and suspended from the axis of a whirling 

table by a cord attached to the outer ring of the 

gyroscope in the line of its axis, as at b. 

If the whirling table be turned so as to en-

FiG. 13.—The Doubly Eotated Gyeoscope. 

deavour to give the gyroscope a rotation in the 

opposite direction to that already given round the 

axis c d, the rotation of the rings, b f e g, and 

h I m 7c, in that first direction will be stopped; the 

inner ring will turn over on the axis / g, together 

with the disk, so as to reverse the positions of the 

points c and d and to make the momentum of the 
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first motion of the disk take the same direction 

as that given by the whirling table. 

I contend that the cause of the above action is 

that, on the one hand, the motive force of the 

gravitation of the disk o p, tending to carry the 

rings h m and b e in the fixst direction of its 

motion, is opposed by the action of astral gravita

tion, which includes the gravitation of the rings 

and of the Earth; and, on the other hand, the 

motive force of the gravitation of the rings tend

ing to rotate the disk in the direction of the 

motion given to them by the whirling table is 

opposed by the action of astral gravitation, which 

includes the gravitation of the disk and of the 

Earth; and I submit the following arguments in 

support of that view. 

First.—In the first part of this essay I have 

shown that a prevalent opinion to the effect that 

the common spinning-top is hfted from an inclined 

to a vertical position by the friction of its peg 

against the ground is untenable. 

Secondly.—In the experiment now under con

sideration the revolving force of the gravitation 

of the disk o p, of which the friction at c and d is 

in this experiment a part, will gradually draw the 

rings h m and b e round with its rotation. But, 

instead of leaving the gyroscope to the sole action 

of that rotation, given to it by spinning the disk, 

let momentum be given to the rings by the whirl

ing table equivalent to that separately given to the 
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disk and in the same direction. The disk and the 

rings will then smoothly rotate together. If, how

ever, the momentum given to the rings by the 

whirling table be in the opposite direction to 

that given to the disk, then, besides the same 

resistance of astral gravitation as in the former 

case as the square of the velocity, there is an addi

tional conflicting action between the gravitation of 

the disk and that of the rings, which would be as 

the square of double the velocity of their motions 

if those motions were effected, as attempted, in 

opposite directions; because the connecting links 

of gravitation between their particles would be 

torn asunder by a velocity double that of the mean 

velocity of either. The disk therefore sways from 

that position and turns over to that in which the 

maximum of momentum can be maintained with 

the minimum of resistance. 

The action of astral gravitation just described 

as turning the disk of the gyroscope over is the 

same as that described in the first part of this 

essay as lifting an oblong pebble on end when 

given a spin as it lies on its side on the ground, 

where no fixed points of friction exist. 

The R a w and the Boiled Egg.—Lord Eayleigh, 

in one of his lectures in March last year (1899), made 

two eggs spin as they lay on their sides on the 

table; one continued to spin in that manner, but 

the other quickly raised itself to an upright 

position, which it retained as long as a strong 
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spinning motion lasted, because the latter was 

boiled and the other raw. In explanation Lord 

Eayleigh limited himself to the mere statement of 

those facts on the plea of the reason for the 

peculiar conduct of the boiled egg being too 

abstruse for a popular lecture. Astral gravitation, 

however, as shown in the first part of this essay in 

connection with the spinning of the oblong pebble 

(fig. 11, p. 112), gives the reason in a manner 

which is not, I think, too abstruse for any atten-

FiG. 14.—The Spinning Eggs. 

five reader. The different conduct of the raw 

egg confirms that explanation, inasmuch as, in 

consequence of its interior being more or less 

liquid, it is able to move with greater angular 

velocity where the resistance is least than where it 

is greatest; and it can therefore maintain more 

momentum whilst lying down than the boiled egg 

could do without rising on end. No perfection in 

the make of the gyroscope or in the oblong shape 

of the pebble will enable the resistance on their 

opposite sides respectively to be so balanced as not 
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to turn the one over or to lift the other on end, 

because the Earth's rotation deranges the balance 

of motion, and thus creates a preponderant action 

at one end of the succession of instantaneous levers 

which enable astral gravitation to lift the boiled 

egg to the upright position, in which the shorter 

levers offer less resistance to the motion. But in 

the raw egg the levers bend and twist themselves 

round the axis of rotation instead of lifting the 

egg. Astral gravitation attempts the work in both 

cases, and under its action the egg must rise or 

bend the levers. 

The Rising Hoop.—Professor Flamming, in a 

lecture at the Eoyal Institution in March 1898, sus-

FiG. 15. Fig. 16. Fig. 17, 

pended a hoop by a string and showed that the rota

tion given b y a rapid rotation of the string caused the 

hoop to change from its vertical position (shown 

in fig. 15) to the horizontal position (shown in 

fig. 16). A n d in explanation of that m o v e m e n t 

he expressed the opinion, which has, I think, been 

generally prevalent, to the effect that the change 
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of position is effected because the vertical position 

is an unstable, and the horizontal position the 

only stable position of rotation, though no reason 

for the latter position being one of stability appears 

to m e to have been given. It seems to have been 

assumed to be a position of stability merely because 

the hoop places itself in it. The fact, however, is 

that not onty the theory now under consideration, 

Fig. 18. 

but also experiments I have made for the purpose 

of testing it, show that the horizontal position 

(fig. 16) is a transition stage from the vertical 

position of fig. 15 to that shown in fig. 17, in 

which the hoop revolves like a stone at the end 

of a string. 

Against the supposed stability of the position 

shown in fig. 16, I say that the Earth's motion 

tends to destroy the stability of that horizontal 
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Fig. 19, 
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J)isk revolving' with its rotcution. 

Fig, 20. 
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R£Voii/r/o/v 

Disk revolving against its rotatiojh. 

Fig. 21. 

In the transition the disk falls towards the centre of the bath, and, passing 
behind instead of in front of it, comes away again with its revolution reversed. 



THE SPINNING-TOP 125 

position in the same manner as it destroys that of 

the vertical position. 

Let the dotted circle, a b, in fig, 18, repre

sent the hoop in the horizontal position rotating 

in the direction of the dotted arrow with its 

centre x directly below the point of suspension, 

and the side a moving in the direction of the 

Earth's rotation. The greater resistance at a then 

tends to make the hoop sway towards the posi

tion a}- ĥ , as shown in connection with fig. 6, 

page 102. It seems to m e quite possible in theory 

that a stable motion of rotation round the axis x^ 

in combination with a revolving motion round x 

might be created, though the Earth's motion is 

constantly changing the plane of the hoop's motion, 

and consequently tendiri^ to derange its stabihty. 

But, as in the hoop's own motions of rotation and 

revolution the resistance at b̂  is greater than at a^ 

in proportion to the squares of the velocities, it 

constantly tends to bring the hoop back to the 

position X, from which the Earth's motion has 

made it sway. Each time the point at which the 

suspending cord is fixed passes b̂  there is a chance 

for the changing plane of the hoop to make the 

resistance of ĥ  slightly upwards and that at â  

shghtly downwards, and thus to turn the hoop over 

with the point of suspension as a pivot so as to 

bring â  to the outside position, as at a^; thus 

making the point by which the hoop is suspended 
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the inside instead of the outside point in the 

motion of revolution. 

The range of m y experiments has been limited ; 

but, for the purpose of testing the explanation 

given in connection with the foregoing (fig, 18), I 

took a metal disk, a b (fig. 19), suspended by a 

cord attached to a short bar, c d, projecting at right 

angles from one side of its centre, and allowed it 

to hang in a round bath containing water, and to 

prevent the disk from being hfted straight upwards 

clear of the water by the shortening of the cord as 

it twists I substituted a thin metal rod for enough 

of the central part of the cord to prevent the 

twisting of the remaining portions of the cord 

shortening enough to lift the disk beyond the 

surface of the water. 

Eapid motion suddenly given will fling the 

disk out of the water, but by commencing with a 

slow motion and gradually increasing the velocity 

the disk soon acquires a revolving motion in the 

same direction as that of its rotation, just as 

described in connection with the hoop. But the 

resistance of astral gravitation, increasing as the 

square of velocity and acting on the combined 

velocities of rotation and revolution on the outside 

half of the disk, twists that outside half back

wards in a spiral round the original axis, thus 

reversing the direction of the motion of revolu

tion ; and conditions of stability appear to be 

attained by those combined motions of rotation 
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and revolution, as velocities of motion greater 

than requisite to fling the disk out of the bath 

under the first direction of revolution merely 

change the velocities of motion without showing 

any tendency to affect their stability. The 

water in the bath revolves with the rotation 

of the disk, whUst the disk revolves against 

the course of both, cutting through the water, 

which, revolving in the opposite direction, rushes 

against it with the combined force of the two 

opposite motions, though the disk itself keeps 

the water in motion. Figs. 20 and 21 show the 

successive stages of the disk's motion. The dotted 

circle shows its first position rotating without 

revolving. With the motions shown in fig. 20 

it is evident that there cannot be equal velocity 

of the combined motions at aU points of the 

disk; whereas the motions shown in fig. 21, 

which are arrived at by the transition above 

described, allow such equality of motion to be 

arrived at. 

The Wabbling of the Hoop. — Sir Eobert Ball, 

in a lecture at the Eoyal Institution in January 

1899, showed the hoop experiment above com

mented on in connection with Professor Flemming's 

lecture; and he specially drew attention to a 

peculiar wabbUng motion as the hoop rises from 

the vertical to the horizontal position shown re

spectively in the foregoing figs. 15 and 16. Sir 

Eobert BaU gave no explanation of the wabbling. 
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and I had not before given it any consideration 

but now offer some reasons for considering that 

it may be due to the action of the earth's 

rotation. 

Figure 22 shows the starting position. The 

resistance at s, being relatively increased by its 

motion being with 

whilst that of the 

opposite point n is 

against the Earth's 

rotation, draws s 

towards the axis 

w h, and drives n 

(South.jsCr\[ c \\̂ HfM>rtKy from it; so that by 

the shortening of 

the radius c s, and 

lengthening of the 

radius c n, the forces 

acting eastwards and westwards respectively may 

be equalised by making the eastward motion 

in the smaller segment p s ĝ , in fig. 23, coun

terbalance the westward motion in the greater 

segment p n ĝ . 

But the resistance to the revolution of Tt, in 

fig. 23, with a greater velocity of motion than 

the opposite point, p, holds it back and throws p 

forwards, placing the axis of rotation south of 

both those points as at h g in fig. 24. 

As s comes round to the east, as shown in 

fig. 25, and n goes to the west, the effect of 



THE SPINNING-TOP 129 

the Earth's rotation, which changed the relative 

velocities of motion at those points when they 

were north and south, ceases, and p and h fall 

towards their normal positions, ̂ ^ and ĥ  respec

tively, until the approach of n to the south and s 

to the north renews the former action, and thus 

creates a wabble in each rotation until the hoop 

reaches the positions shown in fig. 26. 

The result of experiments I have made is to 

show that the horizontal position which the hoop 

appears to get is an optical illusion. The fact is 

that all positions of the hoop in a revolution 

of the point p in fig. 26 are visible at the same 

time, and their combination gives a horizontal 

hne. The upper edge of the apparently horizontal 

hoop is only the point of the hoop to which the 

string is attached, and the lower edge is only the 

opposite point of the hoop. I have clearly shown 

that to be the case by colouring the half of the 

hoop next the string blue and the other half red; 

and then, when the position which appears per

fectly horizontal is reached, on looking down 

verticaUy on the hoop, a complete circle of blue is 

seen floating over a red circle which shows itself 

along the edges of the blue, which latter oblite

rates the red in the same line of sight by passing 

round too rapidly for the sight to reach the red 

which occupied the same hne of sight the previous 

instant. W h e n looked at horizontally, two dis

tinct hoops are seen, the upper one blue, and the 

K 
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W w 

Fig. 26. Fig. 27. 
The Hoop suspended by a Eotating Cord. (Its first position 

is shown in fig. 22, p. 128.) 
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under one red, connected only by vague colour

ing about their centres. 

I coloured the hoop as above stated in the 

expectation that, on reaching the horizontal 

position, the colours would blend, except that a 

spot of blue would be left on one side and a spot 

of red on the other side of the hoop, marking a 

tidal action, resulting from the Earth's rotation; 

but, as above shovvTi, the hoop, if evenly balanced, 

cannot reach the horizontal position in that 

experiment; the reason apparently being that, as 

the Earth's gravitation is a component of astral 

gravitation in its action on the hoop, there must 

always be a residue of force acting towards the 

Earth, no matter how much the force of astral 

gravitation is increased by increasing the velocity 

of the hoop's rotation. 

For some time the blue and the red hoops 

above described retain their relative positions, 

the former rotating and revolving exactly above 

the latter. But at length they overlap each other, 

more or less vertically as well as horizontally. 

That separation of the colours on opposite sides of 

the hoop is quite clear, and in the experiments I 

have made when the rotation is with that of the 

Earth the red seems to spring clear of the blue 

in the first instance from south through east to 

north, leaving the blue at the same time clear of 

the red on the west side of the hoop; and when 

rotating against the Earth's rotation the red 

K 2 
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seems to first spring from north, through east, to 

south. The red excrescence on one side and the 

blue on the opposite side of the hoop give the 

appearance of tidal action of the character I had 

been looking for, but east and west instead of 

north and south. It is not easy to keep it in sight, 

because, when it appears, the motion of the hoop 

is approaching a critical stage in a gradual transi

tion from rotation to revolution, and the pheno

menon disappears by the red taking an outward 

and the blue an inner circle in the motion of 

revolution shown in fig. 18, p. 123. It seems to 

m e to be only at the moment when, as shown in 

fig. 18, the hoop springs with a jerk from under 

the cord that it reaches the position shown in 

fig. 27. The facts seem to show that, no matter 

how accurately balanced the hoop may be in the 

first instance, the leverage of astral gravitation 

must change it from its vertical to its horizontal 

position (shown in figs. 15 and 16 respectively). 

And that same action of astral gravitation changes 

the hoop's motion of rotation (shown in fig. 16) 

to the motion of revolution (shown in fig. 17); 

and in the latter transition creates a tidal action, 

as in the transition from the vertical to the 

horizontal position. 

The conflicting action of the vis viva created 

by the direct action of the motive force and the 

gravitation which resists the motive force puts a 

stress on a rigid axis, or twists a pliant axis, just as 
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the confhcting action between a carriage and a 

pair of horses puts tension on traces which connect 

them. The twisting of the cord is as obviously 

the immediate cause of the rotation of the hoop as 

is the tension of the traces the immediate cause of 

the motion of the carriage. But a discussion as 

to the character of the horses or the obstructions 

which hinder the motion of the carriage is not 

affected by a proof that the tension of the traces 

corresponds \vith the motion of the carriage and is 

the immediate cause of that motion; nor does a 

proof that the motion of the hoop corresponds 

with the twisting of the cord affect the question as 

to the nature of the conflicting forces which cause 

the cord to twist. 

Hall Tennis.—Professor Boys, in a lecture at 

the Eoyal Institution in January this year, gave 

iUustrations of the curve line in which the baU 

moves in the game of haU tennis. But, as the 

side moving with greatest velocity in his iUustra

tion is obviously forced to do so by the direct 

action of the blow struck on that side, the resisting 

action of gravitation can only be indirectly illus

trated in such phenomena. In the spinning-top 

the same velocity is equably given all round the 

axis in the plane of the spinning motion; and it 

directly illustrates the manner in which the action 

resists the force with which the direct action of 

the Earth's gravitation endeavours to make the 

top fall. 

file:///vith
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The Rotating Band.—A phenomenon shown by 

Professor Boys, which does serve as an illustration 

of the direct action of the resisting force of 

gravitation, was an india-rubber band hanging on a 

roUer as shown in fig. 28; on the roller being 

made to rotate rapidly the band stretches, as 

shown in fig. 29, as if a weight shaped like the 

roller had been placed in it. The resisting action 

of gravitation acting as the square of the velocity of 

each atom of the band pulls back against their 

motion and stretches the band exactiy as a faster 

velocity of the rotation of the planet Saturn would 

result in a stretching of its rings to larger circum

ferences.-̂  The lopsided stretching of the band is 

a tidal action due to the close proximity and 

paramount action of the 

Earth's gravitation ; but it is 

similar to the tidal action of 

the sun and moon on the 

ocean as it is revolved with 

the Earth's rotation. 

The Falling Slip of Paper. 

Another phenomenon shown, 

but left unexplained, by Pro-

Eevoiving. feggor Boys, was the motion 
Fig. 29. t n j 

of some pieces of paper allowed 
to fall from the ceiling of the 

lecture-room. Professor Boys said it seemed natural 

K J 

Hanging at Rest. 
Fig. 28. 

^ The theory of that action is explained in Proposition XXV., book 
X., of The Ocean. 
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enough that the resistance of the air should prevent 

a sheet of paper from keeping a flat position (as in 

fig. 30, in which the line a b is one edge of the 

paper) ; but that the fact that when it has turned 

to a sloping position (as in fig. 31) it does not continue 

to faU in that slope is not explained. The fact, how

ever, is that to change from the level to the sloping 

position the point b must have moved with greater 

velocity than the point a ; and the resistance, 

being as the square of the velocity, stops the rela

tively greater motion of b with a jerk, tending to 

draw it back and give a a relative increase of down-

A B 

Fig. 30. 
A-

B' 
Fig. 31.—The Falling Sheet of Paper. 

ward motion. Precisely that same action can be 

seen in a spinning-top, and stiU more definitely 

iUustrated in a gyroscope. W h e n the excess of 

resistance acts at b, the hne a b is a lever for its 

action with a, for a fulcrum to which an extra 

downward force is given by the upward pull at b. 

In the spinning-top the point of the peg is that 

fulcrum and gives a firm leverage, which enables 

the upward pull at b^ to lift the top to an upright 

position, as already explained in this essay. More 

than twenty years ago I had a double gyroscope 

made for the express purpose of getting a leverage 
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of resistance to downward motion at the points 

A and b simultaneously, expecting that if placed 

in a pair of scales part of the weights required to 

support it when the disks were not spinning 

might be removed when the two disks were 

spinning in opposition, without the scale being 

pressed down, as it would be if the disks were not 

spinning, the upward pull at each of the points a 

and B equably exceeding the downward pull of gra

vity, and therefore each reciprocally acting as a 

fulcrum to the leverage of the other. But when

ever, in the experiments I made, the opposition 

was equably arranged, the vibration became too 

much for the pivots of the gimbals, and the 

disks fluttered out of them before the weighing 

could be fairly tested. 

The Hydraulic Ram.—^Another point in the 

above lecture invites comments which may, I think, 

not inappropriately be included in this essay. 

Professor Boys, when explaining the action of 

the hydraulic ram, flouted the new theory of vis 

inertia and paraded his adherence to the old by 

declaring the momentum of the water which 

forces it upwards to be the inertia of its motion. 

Neither Professor Boys nor any other acknowledged 

teacher of natural philosophy disputes the fact that 

the action is due to the momentum of the water, 

which is as the velocity, and that the vis viva, or 

force of the motion, is as the square of the velocity; 

so that the action of the ram may be properly 
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described as due to the vis viva of the motion of 

the water as it flows through the pipes, I beg the 

reader to consider well as to whether there must 

not be erroneous theory in one of those orthodox 

views, seeing that Professor B05-S is able correctly, 

on the supposition that the so-called First Law of 

Motion is a true law of nature, to declare that the 

acknowledged vis viva of motion is the inertia of 

the moving body, using the term inertia to represent 

what Kewton termed vis inertisB. The fact that 

the views held by teachers of natural philosophy 

allow the same direct action of motive force to be 

termed either vis viva or vis inertise, just as a 

momentary fancy may incline the speaker, seems 

of itself to show the existence of some theoretical 

error. Some writers now distinguish between 

inertia and vis inertice by treating the former as 

the property by virtue of which matter resists, and 

the latter the resistance itself, I do not think 

Newton ever made or suggested such a distinction, 

but invariably used the term vis inertise. Supposing, 

however, the asserted First Law of Motion to be a 

true law of nature, the distinction is reaUy an 

axiomatic statement, expressing the mere matter 

of fact that the inertia of the motion of the water 

in the pipe of the hydraulic ram exerts a force of 

inertia, or vis inertiee, which is as the square of 

the velocity of the motion. That makes the vis 

inertise of the motion of the water on which the 

action of the ram is dependent identical with 
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Newton's vis viva of the motion, and constitutes a 

reductio ad absurdum oi the First Law of Motion. 

Vis viva and vis inertise are opposite aspects of 

the same stress, and never the same aspect of any 

stress, as they are made to be by Professor Boys's 

perfectly ' orthodox' explanation of the hydraulic 

ram. 

The Revolving Force of Gravitation.—Professor 

Turner recently commenced an interesting lecture 

at the Eoyal Institution by making an uncompro

mising profession of faith in the principles under 

which he was drilled to pass examination for honours 

in science, and by implication scouted the revolving 

action of gravitation as unworthy to be noticed by 

any one educated in what a few generations of 

scientific men have believed to be the truth. 

The pose then assumed by Professor Turner in 

presence of the new philosophy made it aU the 

more refreshing to hear Professor Poynting describe, 

in a subsequent lecture, an experiment he had 

made for the purpose of testing that revolving 

action; thus advancing at least so far as to admit 

that the subject is not undeserving of consideration. 

But, notwithstanding the delicacy of his experi

ment, no satisfactory result could be expected from 

the leverage exerted by so small a sphere as that 

used by him, which did not appear to be of more 

than two inches in diameter at the most. 

In order to exert a direct force of gravitation, 

even so great as to be only one billion billion times 
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less than that of the Earth, the small sphere, if of 

the same specific gravity as the Earth, would have 

to be 5 inches in diameter, and would weigh 13-̂  lbs. 

The masses being as the cubes of the diameters, 

and the revolving forces being also, at equal velo

cities of motion, as the cubes of the diameters (the 

vis viva of motion being as the square of the 

velocity of motion); therefore, at equal velocities 

the revolving forces of the small sphere and the 

Earth would have the same ratio to each other as 

their direct forces. 

As in practical experiments a particle close to 

the surface of the small sphere is, roughly speaking, 

100,000,000 times farther from the centre of the 

Earth than from that of the smaU sphere, the 

Earth's greater relative force is (in the position of 

our experiments) reduced to the square root of its 

above-mentioned excess of one billion billion times 

the force of the smaU sphere, thus makmg it, in 

experiments close to the surface of the small 

sphere, only 100,000,000 times greater than the 

force of the smaUer sphere. 

That is the ratio of their respective diameters, 

which is shown to be the ratio of their respective 

forces of gravity on their respective surfaces by 

Newton's Prop. LXXIL, book i., of ' The Principia.' 

The smaU sphere would therefore, as above 

shown, exert in the experimental arrangement a 

direct force 100,000,000 times less than that of 

the Earth; and if rotating with the same velocity 
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of motion as the Earth, its revolving force would 

also, as above explained, be 100,000,000 times less 

than that of the Earth. 

To get a revolving force on the surface of the 

small sphere equal to that of the Earth, a velocity 

10,000 (the square root of 100,000,000) times faster 

than that of the Earth's rotation would be required; 

or, to equal the direct force of the Earth holding 

any object to its surface, a velocity 170,000 times 

greater than the Earth's (as the Earth's direct force 

is 289 times greater than its revolving force at 

the equator). That would require the equatorial 

velocity of the small sphere to be more than 

7,000,000 miles an hour. 

Such a velocity would dissipate the atoms of, 

or melt, any known substance. Effective action 

of the revolving force of the small sphere could, 

however, be immensely facilitated by bringing it 

to bear on the rim of a fly-wheel balanced on a 

pivot. But even if a leverage as 170,000 to 1 were 

gained in that manner, a velocity of 1,460 feet a 

second would be wanted to overcome the resist

ance of the Earth's gravity represented by the 

pressure of the fly-wheel on its pivot. 

In space, where bodies are equaUy balanced 

between opposing forces of gravitation, the slightest 

action of a revolving force produces its effect; but 

on the surface of the Earth the paramount action of 

its force has to be counteracted before any effec

tive action can be apparent. Newton's argument 
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applied to the direct force is equally applicable 

to the revolving force of gravitation. H e says 

(Prop. VII., book iii.) : ' If it is objected that, 

' according to the law, all bodies with us must 

' mutuaUy gravitate one towards another, whereas 

' no such gravitation anywhere appears, I answer, 

' that since the gravitation towards these bodies is 

' to the gravitation towards the whole Earth as 

' these bodies are to the whole Earth, the gravita-

' tion towards them must be far less than to fall 

' under the observation of our senses.' 

That argument is, as I have shown above, 

equaUy apphcable to the revolving force of gravi

tation. The fact that no sensible effect could, in 

Newton's time, be shown to be produced by the 

gravitation of the small sphere was then quite as 

strong an argument against the general law of the 

direct action of gravitation as the same argument 

now is against the subordinate law of its revolving 

action. The question is as to whether in any prac

ticable experiment the size of the above-mentioned 

smaU sphere can be sufficiently increased to give 

the increased leverage necessary for the production 

of a sensible effect without a velocity of rotation 

too great for the material of the sphere to bear. 

The Resisting Action of Gravitation.—Let e and 

A, in fig, 32, represent respectively the positions 

of two bodies in space. Or let them represent 

the respective centres of gravity of any two com

binations of bodies. Or let the Earth be at b ; and 
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let B be a body just so far removed that it may 

be in equilibrium between surrounding forces of 

gravitation. 

The excess of the Earth's force of gravitation 

acting on b at the point b^ exceeds that at the 

point d inversely as the 

cube of the distance e e. 

E (. ^ ' ^ ^ ^ ^ ^ ^ A And the opposing stress of 

gravitation which keeps 

B in equilibrium, repre

sented by the point a, is in 

the same ratio greater at d than at b̂ . But what

ever the absolute force of the excess dependent on 

the distance e b may be at the points b^ and d, it 

must vary as the ratio which the diameter b^ d 

Fig. 32. 

Fig. 38. 

bears to the distance e b varies. We may there

fore disregard the distance from which the force e 

acts, and deal solely with the relative amounts of 

the forces b and a at any point whose position is 

measured from b. 

N o w , instead of equilibrium, suppose the force 
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E to be sufficiently in excess to draw b in any 

fraction of time from b to b̂ , just one half diameter 

nearer to e. Then that distance, of one half dia

meter, is not oiUy the measure of the difference 

between the force e and the force a at the point b, 

but also of a further increase of the force e at the 

point b'̂, and at the same time a corresponding 

decrease of the force a at that point. 

Therefore, if the distance b b̂  be 16 feet and 

the time taken to traverse that distance be one 

second, the distance traversed in the second second 

wUl be increased a further amount of about 16'1 

feet by the increase of the force e, and another 

amount of about 15*9 feet (together exactly 32 

feet) by the reduction of the opposing force a, 

making the fall in the second second 48 feet; or in 

the two seconds 64 feet; thus making the distance 

traversed in the fall towards e as the square of the 

time. 

The distance traversed in the first second (given 

above as 16 feet for the sake of iUustration, the 

actual faU near the Earth's surface being 16-1 

feet) depends on the mass of the body e and the 

inverse square of its distance; but, however small 

or great it may be, the law for its increase in the 

second second is the same. 

Though the Earth has a predominant action in 

the foregoing respect in its own sphere of influ

ence, in which the above example is given, every 

body in the universe is exerting exactly the same 
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action; and that action of the Earth is the Earth's 

contribution towards the combined action of gravi

tation, which resists the direct action of every 

motive force with an opposing force which is as the 

square of the velocity of the motion effected. 

The Earth's gravitation is an intrinsic part of 

the resisting force wherever motion is impressed 

on any body not by gravitation but by a purely 

external force. Whether the body so acted on be 

lying on the surface of the Earth or be placed in 

any distant part of the universe, the Earth's action 

is intrinsically the same, differing only in degree. 

If a ball be thrown by the hand the Earth's 

resisting action is precisely the same in whatever 

direction the ball be thrown. That it resists any 

motion imparted by the hand downwards, as well 

as upwards, or horizontally, is demonstrated by the 

following argument. 

Let the Earth be at e (fig. 33, p. 142); the baU 

to be thrown by the hand from b ; and c the posi

tion to which it might be thrown in one second if 

unaffected by the Earth's gravitation. 

N o w let B^ be the position to which the Earth's 

gravitation would make the baU fall in one second 

if left free at the point b instead of being thrown 

in the direction c; then ĉ  is the position at which 

the baU will be found at the end of the second. 

The same argument appHes if the ball be thrown 

in any of the directions d, f, g. It will at the 

end of the second be found at d̂ , f̂ , or ĝ , respec-
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tively. The effort made by the hand to throw the 

ball effects the same quantity of motion in what

ever direction the ball is thrown; and that motion 

effected by the direct action of the impressed force 

is the motion which is resisted by the combined 

action of gravitation with a force which is as the 

square of the velocity of the motion effected. The 

force exerted by the hand, which may cause the 

baU to be at d̂  instead of at b^ (in which latter 

position gravitation endeavoured to place it) is 

resisted by gravitation exactly in the same manner 

as that which may cause it to be at ĉ , or at ĝ , 

instead of at b^ 

The foregoing gives a basis for showing points 

of agreement and points of difference between m y 

views and those of Newton's First Law of Motion 

and definition of vis inertise. 

1st. As regards the body falling from the 

point b to B^ (in fig. 32, page 142) there is no 

difference of opinion, I explain the phenomena 

from a different point of view; but there is no 

difference as to the resulting effects. 

2ndly, As regards the ball thrown from b 

(fig. 33) towards c, d, f, ox g, being found at the 

end of the second at c\ d̂ , /\ or ĝ  respectively; 

m y explanation is intrinsically the same as that 

given by Newton's parallelogram of forces; but I 

say that the force of gravitation which tends to 

draw the body from b to b^ is, by that action, 

endeavouring to restore a position of equilibrium 

Ii 
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which has been disturbed by the action of some 

external force; and that identical force of gravita

tion resists the force of projection b c, because the 

latter is also causing a disturbance of the equi

librium of gravitation. That opposing action of 

gravitation therefore makes the force of projection 

give a gradually decreasing velocity; and it is 

always the equal and opposite stress to the vis 

viva of motion until the force of projection is 

expended. 

Gravitation is throughout the duration of the 

motion giving a velocity increasing as the square 

of the time for the restoration of equilibrium, and 

is also resisting the impressed motion of pro

jection as long as it lasts, with a force as the 

square of the velocity of that impressed motion, 

A logical apphcation of Newton's paraUelogram 

of forces, in the manner in which I have above 

stated it, seems to make it evident that the 

impressed force is equally resisted by gravitation 

in whatever direction the motion may be im

pressed. And as that action of gravitation is 

reciprocal between the body on which the force 

impresses motion and all other bodies, it seems to 

be mere matter of fact that the body does not by 

any innate property of its own tend to perpetuate 

the motion impressed by the extraneous force, but 

acts in combination with all other bodies in resist

ing the motion. 

Let a cannon-ball be projected upwards with an 
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initial velocity of 2,898 feet per second, and grant, 

in accordance with accepted theory, that gravity 

reduces that upward velocity reckoned from the 

point of projection 32-2 feet per second. The 

motion will then be expended at the end of 90 

seconds, after carrying the ball 130,410 feet 

upwards, a height of about twenty-four and a half 

mUes. But in those 90 seconds gravity has 

caused a downward motion of 130,410 feet (16'1 

feet multiphed by the square of 90), so that if the 

baU is at a height of twenty-four and a half miles 

at the end of the 90 seconds the motion due to 

the force of projection is 49 miles with an 

initial velocity of 2,898 feet. That, I say, must be 

the quantity of motion effected by that force of 

projection, in whatever direction the baU be 

projected, if accepted theory is right in supposing 

that an initial velocity of 2,898 feet per second 

would (in the absence of atmospheric friction) be 

sufficient to project a ball to a height of twenty-

four and a half mUes. 

To lift the ball at all, the force must be greater 

than gravity, for a force equal to gravity is required 

merely to keep the ball from falling. Gravity 

causes a faU of 16'1 feet in a second; therefore, to 

raise the body 16'1 feet the force must do twice 

the work of gravity, or 32-2 feet of work against 

16-1 feet done by gravity ; and to rise the 16-1 feet 

in the second the body must have an initial velocity 

of projection at the rate of 32-2 feet per second, 

L 2 
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gradually slowing down to nothing at the end of 

the second. That holds good for aU distances. 

The velocity of 2,898 feet per second above dealt 

with is 90 times the velocity given by gravity in 

the same time, and will therefore do 90 seconds of 

work against gravity before being exhausted. In 

those 90 seconds the force of projection does 49 miles 

of work, as above shown, whilst gravity does 24^ 

miles, whether the forces act with, or against, or 

across each other. The work done by gravity in 

the 90 seconds is the same whatever may be the 

direction of projection; and, if so, then the work 

done by the force of projection is also the same 

whatever may be the direction of projection. If 

the force of projection does 49 miles of work in the 

vertical direction, that is also the amount of work 

which it can do in any other direction; and having 

done that work its action ceases. Any reduction 

of the 49 miles due to friction of the air must be 

greater in the horizontal than in the upward 

direction, reducing the 49 miles in the horizontal 

direction more than the 49 miles in vertical direc

tion ; but the resistance of gravity to the force of 

projection is shown by the argument in connection 

with fig. 33 to be the same in all directions. 

Instead of projecting the ball from a position 

on the Earth's surface, let us suppose it removed so 

far off as to be in equilibrium between surroundino' 

forces of gravitation. The forces of gravitation 

holding the ball in that position of equilibrium 
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must resist the force of projection, taking it from 

that position just in the same manner as the forces 

of gravitation which held the ball in its first position 

on the surface of the Earth, resisted the force of 

projection acting from that position. In both 

positions the baU was held by universal gravitation, 

not only by that of the Earth. It is the combined 

action of gravitation which resists the motion; 

and in that combined action the Earth's gravitation 

resists the motion, whatever may be its direction 

and whatever may be the position from which it 

may be projected. 

I say that motive forces are to each other as 

the squares of the velocities they cause. Newton's 

Second Law of Motion says in effect that motive 

forces are as the quantities of motion they cause. 

W e have before us two velocities, 2,898 feet and 

32-2 feet, a ratio of 90 to 1; making m e require 

the forces to be as 8,100 to 1; but the feet of work 

done by the forces are, as above shown, 260,820 

and 32-2 respectively, which is also as 8,100 to 1, 

placing m y argument in perfect accordance with 

that doctrine of Newton's Second Law of Motion. 

Newton's Third Law of Motion, to the effect 

that every action of force is opposed by an equal 

reaction, forms, in conjunction with his Law of 

Gravitation, the basis of the argument by which I 

have shown vis inertise and gravitation to be 

opposite aspects of the same stress, and inter

changeable terms for the respective aspects ; and 
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also of that by which I have shown that the tidal 

action of the moon's gravitation on the Earth is a 

proof of a revolving action of the Earth's gravitation 

in the orbit of the moon. The same grasp of 

gravitation which holds a table on the fioor also 

carries it round the Earth's axis with the Earth's 

rotation, precisety as a similar grasp of gravitation 

holds and revolves the moon. 
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S I X T H E S S A Y 

SIE ISAAC NEWTON AND MODEEN CHEMISTEY 

Havikg in the course of a recent conversation 

expressed an opinion to the effect that some of the 

experimental lectures at the Eoyal Institution and 

at the Society of Arts during the past session 

(1896-97) tended in the direction of confirming the 

gravitation theory of chemical affinity, and that 

little more than thirty years ago no such theory 

existed, I was surprised by being told in reply 

that, though renewed attention has recently been 

directed to that theory, it was by no means new, 

but had been suggested by Sir Isaac Newton in 

his treatise on Optics. I did not, in the first in

stance, doubt the accuracy of the statement, bufc 

when thinking of it afterwards it seemed so much 

at variance with m y impression of the position of 

the question that I have referred to the above 

treatise and find not only explicit confirmation of 

m y impression of Newton's vifew, but also a more 

important passage expressing an opinion which 

bears indirectly on the question, though Newton's 

corpuscular theory of light made it impossible for 

him to see the goal to which his argument would 
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tend on the abandonment of his idea of light being 

a material substance. I will, however, before 

attempting to give the said passage the impor

tance which it seems to m e to merit in modern 

science, first deal with those of Newton's argu

ments which bear directly on the question of 

chemical affinity, and which, in fact, clearly refute 

the idea of his having supposed it to be due to the 

action of gravitation, 

Newton says: ' There are agents in nature 

able to make the particles of bodies stick together 

by very strong attractions. And it is the business 

of experimental philosophy to find them out.' ̂  

H e also says that nature performs ' all the 

great motions of the heavenly bodies by the 

attraction of gravity, which intercedes those 

bodies, and almost all the small ones of their 

particles by some other attractive and repelling 

powers, which intercede the particles,' ̂  

One more quotation will suffice for this point. 

H e says: ' W h e n aqua fortis dissolves silver and 

not gold, and aqua regia dissolves gold and not 

silver, may it not be said that aquafortis is subtile 

enough to penetrate gold as well as silver, but 

wants the attractive force to give it entrance ? ' ̂  

There may be passages in Newton's works 

which, if standing alone, might possibly be con-

' Horsley's edition of Newton's Works, iv. 255. 
= Ibid. 3 J;̂ ĝ_ 247. 
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strued as supporting my informant's statement. 

But the foregoing extracts amount to an expli

cit statement of opinion to the contrary, and 

show that Newton did not suppose the forces 

of cohesion and chemical affinity to be identical 

with gravitation. If he had supposed cohesion to 

be the simple action of gravitation, he would not, 

as in the first of the above extracts, allude to it as 

a force which remained to be found out. The 

second extract forms an express statement of 

opinion to the effect that the atomic motion by 

which substances intermix under the action of 

chemical affinity is not caused by gravitation, but 

by some other forces. And the third extract is to 

the same effect; for, though his laws of gravita

tion require that each material atom must exert 

the force of gravitation in the same manner, he 

nevertheless considers that they differ as regards 

the force which causes the action of chemical 

affinity. The idea that Newton supposed gravita

tion to be the cause of chemical affinity is there

fore erroneous. The views he expresses in the 

above and other passages may rather be considered 

to form the basis of the electro-chemical theory 

which supposes the force to be exerted only 

between atoms endowed on one part with positive 

and on the other with negative electricity, I do 

not understand that this electro-chemical theory 

was at any time considered to be among Dalton's 

discoveries, or that it was more advocated by him 
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than by other philosophers of his time. What are 

speciaUy known as Dalton's discoveries, whether 

made entirely by him or partly by others, do not 

affect the question now under consideration, for 

they fit into the gravitation at least as well as 

into the electro-chemical theory. The gravitation 

theory does not require the supposed difference of 

positive and negative electricity, but merely that 

the atoms in any two substances must be so 

shaped that they cannot in either one of those 

simple substances approach each other so closely 

as those of a mixture containing a given relative 

number of atoms of each of the substances ; for in 

such case a compound substance will be formed 

whenever the simple action of gravitation between 

the different atoms has a chance of effective 

action. The force is the force of gravitation 

acting between the individual atoms, and has the 

opportunity of effective action, spreading through

out the entire masses of the two substances 

directly the masses touch at any point. There 

cannot be a commencement of effective action 

without contact at some point, because, until in 

contact, the action of gravitation between the 

atoms is not dependent on their shapes, and there is 

therefore no reason why atoms of one shape should 

approach each other more than atoms of another 

shape; but when once they are in contact, then 

the amount of the reciprocal action of gravitation 

which can become effective between them depends 
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on their shapes, and may be infinitely greater in 

one case than in another. 

If Dalton's discoveries had been to the effect 

that any substance chemicaUy compounded of two 

other substances was formed by a union of an 

equal number of atoms of each of the two sub

stances, that would, I should say, support the 

electro-chemical rather than the gravitation theory. 

But the facts are not so ; on the contrary, different 

substances are found to combine in all sorts of 

different proportions. There are perhaps almost 

as many different ratios of chemical combination 

as there are substances which wiU combine by 

the action of chemical affinity. And this fact, 

though not a proof against the electro-chemical 

theory, appears more strongly to support the gravi

tation theory, because the relative number of 

atoms of the substances which will fit together to 

form the compound substance must, under that 

theory, vary according as the shapes of the atoms 

vary. Then, also, the fact that some salts when 

mixed with water do not increase the bulk of the 

water more than to the extent of the quantity of 

water which already formed a constituent part of 

the salt, tends rather in favour of the gravitation 

than of the electro-chemical theory, because the 

latter gives no h priori reason why any two sub

stances combined should occupy less space than 

the two substances require separately; whereas the 

former theory makes it natural that the relative 
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shapes of the atoms should sometimes result in a 

combination of the two being packed into less 

space than required by the two substances when un-

combined. It does not by any means follow from 

this that chemical combination should always 

result in reduction of bulk under the action of 

the gravitation theory, because compound atoms 

or molecules formed by that action might leave 

even larger spaces between the molecules in the 

compound than between the atoms in either of the 

separate substances. The compound substances 

may be formed either by a simple interspersion of 

the atoms of the two substances without actual 

combination, or by the formation of new molecules 

or larger atoms in the compound, which might 

possibly be so shaped as to increase rather than 

diminish the bulk. 

It is to the latter of those two classes of com

pounds only that the term ' chemical combination' 

is technically applied, the former being dis

tinguished from it by the term ' mechanical 

mixture.' I do not see that it can reasonably be 

denied that the latter term is properly applied to 

that interspersion of atoms of different substances ; 

but it is too arbitrary an interference with the 

ordinary use of language to attempt to limit the 

term to such a mixture as above described. A 

salad is a mechanical mixture, though its ingre

dients wiU not, like the ingredients of the atmo

sphere, intersperse themselves as requisite to form 
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the salad without artificial assistance; and, on the 

other hand, the ' chemical force ' which causes 

' chemical combination' is merely the same force 

of gravitation which causes what is technically 

termed ' mechanical mixture.' 

The gravitation theory gives an a priori reason 

for some compound substances being able to com

bine chemically or intersperse with substances 

which could not combine with either of the 

separate substances which form the compound, as 

the shape of the compound molecule may allow of 

closer contact "̂ dth it than with either of its con

stituent atoms. 

I now pass to the subject which forms, as 

aheady stated, the chief point on which I purposed 

to offer some comments. 

Newton says: ' The changing of bodies into 

hght, and hght into bodies, is very conformable 

to the course of nature, which seems delighted 

with transmutations. . . , 

' W h y may not nature change bodies into light, 

and hght into bodies ? ' ̂  

And at another time he says : ' It can no 

longer be disputed whether colours be the qualities 

of the objects we see; no, nor perhaps whether 

light be a body,'^ 

To m y mind it is clear that the reason why 

'• Horsley's edition of Newton's Worlts, iv. 241, 242. 
« Ibid. 805. 
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Newton adhered to the corpuscular theory of light, 

insisting on light being a material substance, was 

that, on the one hand, he found himself forced 

to recognise the transmutation of material sub

stances into light, and, on the other hand, it does 

not seem ever for a moment to have entered into 

his mind to suppose the possibility of the existence 

of transmutations between matter and force. The 

transmutations, in which he declared nature to 

delight, were limited to transmutations from one 

form of force to other forms of force, and from 

one form of matter to other forms of matter ; but 

he barred himself from allowing nature to delight 

in the wider transmutations between forms of 

matter and forms of force. If he had for a moment 

allowed himself to entertain the idea of the powers 

of nature being extended to the wider transmuta

tions, it seems to me evident that his clear 

recognition of the fact of matter being transmuted 

into hght would not have prevented him from 

adopting the theory then advocated by Hooke, and 

now universally accepted, to the effect that light is 

vibratory motion and not material substance. But 

it would not have been possible for him to accept 

that theory without at the same time asserting 

that every ray of light that surrounds us proclaims 

nature's delight in transmutations between matter 

and force. And, instead of claiming only that 

in the beginning God created atoms of wondrous 
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hardness and durability,^ he would have proclaimed 

that God is to-day as active a creator, as well as 

controUer and dissolver, of matter as ever H e was 

mUlions of years ago. 

Among the important advances in scientific 

knowledge to which evidence has been pointing 

dming the course of the splendid experimental 

lectures to which I have above aUuded, there has 

been a tendency in the direction of showing that 

material substance exists only within a limited 

range of temperature ; that is to say, that a sufficient 

rise or faU of temperature will transmute any form 

of matter into immaterial force. The wondrous 

hardness anddurabUity of atoms, on which Newton 

comments, appear to be dependent on a conti

nuance of a temperature within the limited range 

which permits them to exist, and throughout their 

career they are controlled by the force of gravita

tion which, as already shown, suffices to enable 

nature to effect that purpose. If, however, gravita

tion thus leaves no room for any action of heat or 

electricity in directly controlhng atomic motion, 

there is, nevertheless, scope enough for the action 

of those forces as nature's agents in effecting 

transmutations between atomic forms. 

The drift of the evidence to which I have 

alluded appears to tend in the direction of showing 

that changes of temperature cause transmutations 

of atomic forms, which have, in the laboratory, been 

' Horsley's edition of Newton's WorTcs, iv. 260. 
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carried so far, from change to change, that at length 

the material atom escapes detection. In some of 

those instances, one of the limits of the range of 

temperature within which that special material 

substance can exist has perhaps been reached, and, 

if to be found, it must be searched for in the realms 

of immaterial force and not among substantial 

things whilst that same temperature is maintained. 

Thus, though gravitation determines the affinities 

between any given atomic forms, there is ample 

scope for the action of heat in altering the con

formation of the atoms, and, by thus necessitating 

new combinations of them under the action of 

gravitation, leading to transformations from one 

substance to another within the limits of tem

perature which admit of material existence. 

With change of temperature in one direction, 

water changes from its fluid condition and becomes 

a hard and brittle rock, or with a change of tempe

rature in the opposite direction it becomes a thin 

invisible vapour, I contend that in those trans

mutations which nature effects by the action of 

heat there is no valid reason for supposing that 

the material atoms remain unchanged throughout 

the transmutations from ice to water and from 

water to vapour. -Too limited a view seems to be 

taken of the extent and powers of nature in sup

posing material atoms to be unchangeable; for 

that idea in fact places those atoms above the 

powers of nature, and might indeed almost be said to 
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make them nature's gods. Newton's argument, 

' that nature may be lasting, the changes of corporeal 

things are to be placed only in the various separa

tions and new associations and motions of these 

permanent particles,' * is an expression of that 

hmitation of the bounds of nature. Newton says 

that 'in the beginning' God made primitive particles 

' so very hard as never to wear or break in pieces ; 

no ordinary power being able to divide what God 

Himself made one in the first creation,' ^ But it 

surely cannot be considered unreasonable to suppose 

that the God who uses the powers of nature for 

controlhng those primitive atoms in their career 

acted also through the agency of powers of nature 

in their creation, and may also act through the 

agency of other powers of nature for the purpose of 

transforming, and even also of dissolving those 

primitive atoms. In the estimation of material 

beings matter must necessarily assume a position 

of special importance ; but nature may not perhaps 

regard it otherwise than as one of numerous forms 

of force, between which it ' dehghts in effecting 

transmutations.' It seems most strange that men 

of science who admit that the primitive atoms were 

brought into being by laws of nature should think 

it unreasonable to entertain the idea that laws of 

nature may also transform and dissolve those atoms 

of nature's creation, 

" Horsley's edition of Newton's Works, iv. 260. 
' Ibict 

M 



162 ASTEAL GEAVITATION 

The evidence of physical phenomena tends, I 

say, in the direction of showing that the material 

atoms in ice, water, and vapour are not unchanged 

during nature's transmutations between those 

forms of substance; but that, on the contrary, 

those transformations of substances are effected by 

transformations of the material atoms of which 

they are formed. The idea that heat merely drives 

material atoms farther apart from each other, thus 

causing transformations of substances without 

affecting the atoms of which they are composed, is 

not at aU supported by the fact that some fluids 

contract and others expand in freezing; whereas, 

if heat acts directly on the atoms and changes their 

forms, it appears quite natural that in some fluids 

the changes of form should be such that the action 

of gravitation, in readjusting them, brings them 

closer together, and thus causes contraction; whUst 

in other fluids the atomic forms are changed in 

such a manner that the readjustment effected by 

gravitation cannot bring them into so small a space 

as before, and therefore the frozen substance is 

expanded beyond the space it required in its fluid 

form. Water, as already stated, will hold a 

quantity of salt in solution without increasing in 

bulk; but the salt thus held in solution impedes 

the freezing of the water; showing, or at any rate 

favouring the suggestion, that the atoms of pure 

water combine under the action of gravitation in 

such a manner as to leave spaces for the salt to 
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distribute itself throughout the fluid; but, in the 

act of freezing, those constituent atoms of the 

water change their forms in such a manner that 

gravitation can rearrange them more easily without 

the intervention of salt than with it; and for this 

reason, fresh water freezes more readily than salt 

water. The salt water has, in fact, to free itself 

from the salt, or, in other words, to make itself fresh 

before the atoms of which it is composed have 

space in which freely to effect the necessary changes 

of form ; and therefore as the atoms change their 

forms they endeavour to press the salt away from 

the spaces in the hquid, unless the apphcation of 

cold is so great and so rapid as to prevent the 

separation of the salt from being effected before 

the water freezes round the atoms of salt, which 

were merely held in solution in the liquid, and not 

liable to be affected by the freezing which trans

forms the liquid atoms. The effort to force away 

or repel the salt is a natural consequence of the 

reciprocal action of gravitation being able to effect 

a closer union, and therefore to exert a stronger 

force, between the atoms as altered by change of 

temperature from atoms of water to atoms of ice, 

than between these latter and the atoms of salt. 

These comments are, however, offered only as an 

indication of the manner in which, if it be admitted 

that heat can effect transformation of material 

atoms, gravitation affords a sufficient explanation of 

changes of chemical affinity between them, 

M 2 
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It must not be inferred from the foregoing 

arguments that gravitation or heat can properly 

be regarded as being itself the actual motive 

force. O n the contrary, I consider that I have 

definitely shown, in m y treatise on the action of vis 

inertise in ' The Ocean,' ̂  that gravitation is merely 

the action by which the vis inertise of matter resists 

motion and restores equilibrium incessantly dis

turbed by some extraneous motive force, which may, 

for anything I can say to the contrary, be electricity. 

For all practical purposes w e have to regard gravi

tation and heat as forces, and in the ordinary use 

of language must apply the term ' force ' to them ; 

but they truly are, nevertheless, merely the forcible 

actions, or effects, of two opposing forces—one a 

purely immaterial motive force acting on matter, 

and the other a power inherent in matter by virtue 

of which it resists the action of extraneous forces. 

The progress of scientific knowledge has made 

it impossible for us to continue to accept Newton's 

views as to material substances being transmuted 

into light without at the same time accepting the 

idea of natural transitions between matter and 

immaterial force ; and it is merely the crossing 

of the line between those states of existence, 

which is necessitated by combining Newton's idea 

of solid matter being transmuted into light with 

Hooke's doctrine of hght being immaterial force, 

^ Since published under the title The Ocean: its Tides and 
Currents, and their Causes, 2nd edition, Longmans, 1885. 
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that has formed the difficulty which has prevented 

the two views from being jointly accepted. But 

as we can by artificial means transmute the air we 

breathe into hard metallic substance, it does not 

seem so very great a step to advance to the idea 

that in nature's great forge, or crucible within the 

earth, and in the more stupendous forces of its 

greater crucible within the sun, the wider trans

mutations may be effected, I do not here allude 

to the mere transformation of air at a temperature 

of 190° C, to a hquid, and at 232° C, to a sohd 

state; in these cases, with a return to normal 

temperature, the hard substance formed by the 

freezing of the liquid thaws again to its liquid 

form and with the further increase of temperature 

again becomes air, as the boiling of the liquid trans

forms it to vapour. But besides those transfor

mations there are the well-known phenomena that 

metals are made heavier by calcination, and that 

careful experinients in closed vessels have shown 

that this is due to a transmutation of air into 

metallic substance during the process of calcina

tion ; and in this case a return to normal tempera

ture does not retransform the metal to air. If in 

an ordinay crucible, in any laboratory, so thin a 

vapour as air can be transmuted into metal, how 

much further in the direction of transmutations is 

it permissible to suppose the furnace of the sun to 

have effective action ? 

No chemist can suppose that the fierce central 
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forces of the sun are not effecting transmutations 

far beyond anything we can ourselves perform in 

our own tiny crucibles. And if we can easily 

transmute one of the thinnest and most impalpable 

of substances into one of the hardest by ordinary 

artificial means, there does not seem to be much 

scope for further action in the sun unless in that 

great crucible nature is not only incessantly trans

muting material substance into hght, but is also just 

as incessantly creating matter by transmutation 

from some pre-existent form of force. This view of 

the course of nature not only harmonises the other

wise conflicting doctrines of Hooke and Newton, 

above mentioned, regarding the nature of light, but 

it also places the question as to the past and 

future duration of the sun's heat and light on a 

very different basis from that on which it has been 

discussed in recent years. The arguments which 

show that transmutations from material substance 

to immaterial force result from the resistance of 

matter to the action of forces within the sun and 

within the Earth, are based on considerations quite 

independent of the question as to the maintenance 

of heat in those bodies ; but what those arguments 

do show is that the creation of heat is a necessary 

consequence of resistance to the motive forces 

which cause the sun and the Earth to rotate ; and 

this makes the question as to the duration of heat 

in either of those bodies to be, not as to how long 

they require to cool down from temperatures im-
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parted under conditions no longer in operation, but 

as to whether they wUl continue to be centres of 

action in which nature works through material 

existence from prematerial to postmaterial forces. 

That such bodies are in fact laboratories in which 

nature is incessantly effecting transmutations from 

force to matter and, at the same time, as in

cessantly transmuting matter into other forms of 

force, is indicated by the arguments in m y treatise 

' On the Action of Vis Inertise' in' The Ocean,' which 

show solar and terrestrial gravitation to be in 

constant process of creation, and therefore also of 

transmutation. 

The basis on which the question as to the 

duration of the heat of the sun or of the Earth has 

recentty been discussed is roughly illustrated by 

the foUowing passage from the work by Lord Kelvin 

and Professor Tait on ' Natural Philosophy.' They 

say : ' It is as certain that there is now less volcanic 

energy in the whole Earth than there was a thousand 

years ago, as it is that there is less gunpowder in 

a " Monitor" after she has been seen to discharge 

shot and sheU, whether at a nearly equable rate or 

not, for five hours without receiving fresh supplies, 

than there was at the beginning of the action.' ̂  

That argument is based on the idea that the Earth, 

under conditions no longer existing, was once 

heated and is now gradually losing that heat like 

' Natural Philosophy, by Lord Kelvin and P. G, Tait, part ii., new 
edition, Cambridge, 1895, p. 472, 
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a mass of molten metal left to cool, or like a furnace 

left to burn itself out without being replenished 

with fresh supplies of fuel, so that, though it 

may fiare up from time to time with increased 

vigour through the collapsing of burning material, 

it must at length be exhausted. But the other 

argument to which I have alluded is to the effect 

that gravitation is the action by which the vis 

inertise of matter resists the motive forces within 

the sun and Earth, and that the forces of gravitation, 

heat, and light, are every instant newly created; and 

as they pass into other forms of force they are 

re-supplied by the same continuous action, causing 

a continuous consumption of material substance, 

which is itself as continuously created by transmu

tation from other forms of force. The furnace is, 

therefore not left to burn itself out, but is incessantly 

supplied with fuel; nor is the molten mass left to 

cool down, but is incessantly supplied with heat 

created by a conflicting action of universal gravi

tation on each of its moving particles, causing 

stress and strain throughout it proportioned to its 

mass and velocity of axial rotation; and the 

question is therefore as to the continuity of the 

transmutation of force into material substance, and 

re-transmutation of the latter into heat and light. 

Lord Kelvin, in his lecture on the sun's heat, 

delivered on January 21, 1897, at the Eoyal Insti

tution, says : ' It may be taken as an established 

result of scientific inquiry that the sun is not a 
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burning fire, and is merely a white-hot fluid mass 

cooling, with some little accession of fresh energy, 

by meteors ocasionally falling in, but of very 

small account in comparison with the whole energy 

of heat which he gives out from year to year,' A 

continuous falling in of the surface, under the 

action of the sun's gravitation, as it shrinks in 

coohng, is then supposed to renew almost as 

much heat in the sun as is radiated from it, so 

that in this manner the period required for cooling 

down is immensely extended. This allows the sun 

to distribute heat around it as long as it can go on 

shrinking, in process of which it retains all its 

previous material substance, increased by the few 

meteors allowed to fall upon it. Thus the sun is 

supposed to radiate heat into space for millions of 

years without any change of its material substance. 

Heat is supposed to have been put into it, under 

previous conditions, and that stock of heat is 

supposed to be now gradually escaping from it. 

And also, in order to avoid the idea that the sun is 

an active scene in which nature is creating matter 

from pre-existent force, and through the action of 

gravitation transmuting matter itself into heat 

which spreads away in space and supplies warmth 

in proportion to the force supplied for the creation 

of the matter from which it is evolved, it is 

supposed that masses of cold matter rushing 

through space colhde and become a brilliant sun by 

virtue of the heat caused by their collision, and then 
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again slowly lose that heat and return to their 

former cold condition, each material atom of the 

whole being the same unchanged and unchangeable 

entity throughout its long career. That plausible 

doctrine, with all the grandeur of its transformations, 

seems to lead nowhere but back again to its 

starting-point; whereas the smoother course of 

nature indicated by the incessant creation of 

gravitation, to which I have alluded, shows a course 

by which nature may be incessantty rising on 

stepping-stones of its past self, never in the aggre

gate falling back, but continuousty advancing to 

new phases of existence; and for the acceptance 

of this smoother and wider view of nature's field of 

action we have to re-adopt Newton's theory of the 

natural transmutation of matter into hght, whilst 

at the same time retaining Hooke's theory to the 

effect that hght is not a material substance. 
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C L E E K MAXAVELL A N D KEPLEE'S L A W 

When (in my Lecture of December 20, 1877, 

since pubhshed as chapter vii. of the ' New Princi

ples of Natural Philosophy'), commenting on 

MaxweU's reference to the table on page 115 of 

his work, ' Matter and Motion,' as showing that a 

correction dependent on the mass of each planet is 

necessary to make their relative velocities agree 

with Kepler's law which declares the squares of 

their periods to be as the cubes of their distances 

from the sun, I was misled into a mistake 

which has perhaps prevented some of m y readers 

from appreciating the more important mistake 

which I pointed out in Maxwell's explanation. 

The main point at issue was that Maxwell, 

together with aU reputed authorities at that time, 

asserted that Kepler's law is rendered inaccurate 

by a large planet tending to move faster than a 

smaller one, and he referred to the above-

mentioned table as showing that to be the case. 

I was misled into a misunderstanding of 

MaxweU's argument because I saw that it is 

clearly a mistake to suppose that correct theory 

requires the relative velocities to be dependent 
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on the relative sizes. Knowing Maxwell to be 

wrong on the main point, I was too hasty with the 

detail of his argument. T h e figures of his table 

to which he refers are : 

Mercury — 00000003 
Venus - 0-0000002 
Mars — 0-00001 
Jupiter -f- 0-131 
Saturn + 0-256 
Uranus -t- 0-37 
Neptune . . . . + I'B 

Those figures, with one exception, increase 

with the distance; but what is wanted for 

Maxwell's argument is not the figures in that 

table but the ratio they bear to the relative periods 

of the planets ; and the figures so obtained would 

m a k e the four larger planets support his argument. 

It seems to m e that Maxwell ought to have been 

more explicit in the matter; in which case I 

should doubtless have immediately given (with the 

assistance of his table) the correct explanation, 

which I, in fact, gave in m y paper on ' T h e Secular 

Acceleration of the Moon's M e a n Motion' (chapter 

xiii. of the ' N e w Principles of Natural Philosophy ') 

without noticing its bearing on the above dispute. 

I there pointed out that the sole action of the sun's 

revolving force would m a k e our year about 365 f 

days ; but the Earth's force, revolving the sun in 

about 688 years, reduces the year to about 365J 

days. T h e difference is 365-75 ̂  688 = 0'6 of a 

day. 
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In the same manner the revolving forces of 

Jupiter and the sun make Jupiter's year 4,332 

instead of 4,342 days: a difference of ten days. 

Therefore, as it is the sole action of the sun's 

revolving force which endeavours to make the 

cubes of the distances as the squares of the periods 

of revolution. Maxwell's ratio for the latter, as 1 

is to 140-701, must be changed t o— 

as 1-0032 is to 141-3507, 

or, as 1 is to 140-891, 

which is a closer approximation to the cubes of the 

distances given by Maxwell as 1 is to 140'832. 

The sun's revolving force endeavours to make 

the planetary periods exactly accord with Kepler's 

law; but those periods are slightly altered by the 

simUar revolving forces exerted by each planet. 

The above correction changes the figures in 

MaxweU's table from + 0-131 to - 0-059, and, as 

MaxweU's figures represent the remainders result

ing from subtracting the squares of the periods 

from the cubes of the distances, it makes Jupiter's 

relative velocity too slow instead of too fast for 

Kepler's law. The discrepancy is, however, less 

than half of that shown by MaxweU's table, and it 

is probably the mean result of two confiicting 

interplanetary actions. On the one hand, the 

apparent sidereal revolution of the Earth round the 

sun is quickened by the joint revolution of the sun 

and Earth round Jupiter; and, on the other hand. 
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the real motion of the Earth is retarded and that 

of Jupiter accelerated by the reciprocal action of 

the two planets on each other. Each of those 

opposite actions has to be taken into consideration 

for each planet, and differently dealt 'with accord

ing to their positions as interior or exterior to the 

Earth's orbit. 
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A MISTAKE IN 'THE PEINCIPIA' 

Ik the foregoing essay on the Spinning-Top (page 

141), I have given an extract from Newton, aUud-

ing to the fact that the reciprocal action of 

gravitation between smaU bodies about us is too 

slight to be perceptible to us. And, in the lecture 

there aUuded to. Professor Poynting suggested 

that Newton had underestimated that action in 

consequence of having made an arithmetical error 

which made ' not less than a month ' appear re

quisite to effect an amount of motion in circum

stances under which it would in fact be effected in 

320 seconds, 

Newton had not the facilities for making test 

experiments which are now available, and what 

he properly declared insufficient to faU under the 

observation of our senses is now made perceptible 

by the assistance of delicate instruments; but it 

does not appear to m e that he reaUy made the 

error above indicated, or misjudged the subject in 

the manner supposed. It is true that the error 

pointed out by Professor Poynting exists in each 

of the three editions of Newton to which I have 

access, but I say the mistake is due to clerical 
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errors in stating the data after Newton had made 

his calculation correctly from the proper data on 

which his argument is based. 

In Motte's edition, quoted by Professor 

Poynting, there are two inaccuracies of translation. 

First.—' Diametro . . , pedis unius descripta' 

is translated as ' one foot in diameter.' 

Diameter seems to be a clerical error for 

radius, not only because the phrase 'described 

with ' is more consistent with the idea of radius 

than diameter, but also because the ' force 

20,000,000 times less' than the Earth's accords 

with radius though not with diameter. There

fore, the term ' diameter' seems to have been 

erroneously used in writing the sentence after the 

calculation had been correctly made with the 

radius (not diameter) of one foot. 

Second.—' In spatiis liberis ' is translated as 

' even in spaces void of resistance,' 

As Newton's argument bears expressly on 

' experiments in terrestrial bodies,' it seems out of 

place to give a calculation on formulse vahd in 

interplanetary space but not valid in the terrestrial 

phenomena specially referred to. It seems only 

reasonable that Newton would, as a matter of 

course, have made his calcxilation for the actual 

conditions under discussion, and that by a clerical 

error the word ' not' has been omitted from a 

clause stating the fact of the bodies being not' in 

free space,' and therefore requiring special allow-



A MISTAKE IN 'THE PEINCIPIA' 177 

ance to be made for any resisting force not 

included in those which allow the existing ac

celeration of gra^dty about the Earth's surface. 

The Earth's direct force is certainly in that 

category, for it is a component of the force acting 

between the Earth and other bodies, and at the 

same time a resisting force as regards the action 

of the two smaU spheres, hindering instead of 

assisting their motion towards each other; because, 

whether the two small spheres be resting on a 

table, or be suspended by cords, the Earth's gravi

tation endeavours to keep each in a hne directed 

from it to the Earth's centre ; whereas the gravi

tation of the two smaU spheres to each other 

tends to draw them from those lines. Therefore, 

accepting Professor Poynting's figure of 320 

seconds as correct for the conditions of his calcu

lation, an effect of that resisting force as the 

square root of the surface force of the Earth's 

gravitation exceeds that of the two-foot sphere 

(one foot radius) must be added to the time given 

by Professor Poynting as retarding the motion of 

each of the two smaU spheres, thus increasing the 

time as twice the square root of the resisting 

force, and making it— 

320" X 8800 = 33 days, 

which agrees with Newton's words ' not less than 

a month.' 

The- above, I think, shows that clerical errors 
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combined with subsequent mistranslations (which 

seem to have been consequences of those errors) 

have changed the data on which Newton based 

his calculation, so that the conclusion arrived at 

by him is correct for what appear to have reaUy 

been his data. It is also correct for what was the 

object of his argument, whereas a reference to 

such a space of time as 320" would make the 

general tenor of his argument absurd. 
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T H E E N D S OF T H E COEDILLEEA D E 

LOS ANDES 

Ix Honduras there is a Hne between the Pacific 

Ocean and the Caribbean Sea along which ' the 

' interruption of the Cordilleras is complete , , , 

' a great transverse vaUey reaching from sea to 

' sea.'i 

That crushing of the great meridional range 

which forms the most striking mountain feature of 

the American continent in both hemispheres, I 

have always regarded as a detail of the relative 

depression of the Earth's surface along the line 

which divides the bulge of the equatorial regions, 

due to the Earth's rotation, from the bulge of the 

northern hemisphere, due to the Earth's onward 

motion; and, since writing the foregoing essay on 

' The Cardioid Earth,' m y attention was recalled 

to that feature of the Central American region 

whilst hstening to Dr, Hans Steffen's lecture at 

the meeting of the Eoyal Geographical Society on 

March 19 this year. In describing his explo

rations of the CordiUera in Southern Patagonia, his 

statements as to the disappearance of the great 

meridional range and the substitution of east and 

^ Encyclopcedia Britannica, Sth edition (1856), xi. 611. 

n2 



180 ASTEAL GEAVITATION 

west ranges as the characteristic feature of the 

country, seem to m e to be in thorough accordance 

with the idea of a crushing of the great rneridional 

range, similar to that in the northern hemisphere, 

being a detail of the depression of the Earth's 

surface which contains the Great Southern Ocean 

and divides the equatorial bulge due to the Earth's 

rotation from the Antarctic bulge due to the 

Earth's onward motion. The crushing of the 

great Cordillera in the northern hemisphere where 

it crosses the region indicated as pressed down in 

the frontispiece of this book was certainly described 

as above without any knowledge of the reason I 

have given for it; and I have no doubt that Dr. 

Steffen's description of the similar crushing of that 

great range in the southern hemisphere is also 

independent of any knowledge of the reason I have 

given for that similar but greater subsidence of the 

Earth's surface in the southern hemisphere as 

indicated in the frontispiece, I apply the term 

' crushing' to the surface action in the latitudes of 

the Caribbean Sea and the Great Southern Ocean 

respectively because, whereas the bulging must 

tend to create tension along the crest of the ridge 

where traversing the bulge, the subsidence of the 

surface between that bulge and the bulges north 

and south of it must tend to create tension at the 

base oi the ridge and pressure, giving a crushing, or 

crumpling, action along the crest of the ridge. 



G L O S S A E Y 

Inertia.—An innate property of matter by virtue of which 
it endeavours to be at rest, and therefore resists motive forces. 
It is exactly in proportion to the mass of any body. Nevyton 
applies the term vis inertia to this property of matter, and 
£T.ves it more comprehensive action, as explained in his 
Definition III., quoted in the foregoing Second Essay, p. 41. 

Yis Inertia.—The force -with which matter resists motion. 
It is as the mass multiplied by the square of the motion resisted. 
It is always an equal stress in the opposite direction to that 
of the vis viva of motion. There is no intrinsic impropriety 
in using this term for inertia, as was always done by Newton 
and generally by myself and many others. In a general sense 
w e m a y use inertia for -vis inertise without agreeing with those 
w h o wish to exclude the idea of force from the Laws of 
Motion. 

Momentum is the mass of any moving body multiplied by 
its velocity. All are now agreed in this use of this term. I 
say it is resisted by the inertia of matter in its origin and in its 
progress, whereas the ' Eirst L a w of Motion' (quoted in the 
foregoing Second Essay, p. 42) supposes inertia to resist its 
origin but to sustain its progress. It is usually defined as 
' quantity of motion;' but that definition, I say, correctly 
belongs to the square of the velocity. Momentum was at one 
time used to represent that force, and was then, I say, equiva
lent to quantity of motion. (See Vis viva). 

Vis viva, or force of motion, is the mass multiphed by the 
square of the velocity. All are now agreed in this use of this 
term. It is the effective action of momentum. I say there is no 
difference between the force of motion and the quantity of 
motion, so that if vis viva represents the one it also represents 
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the other. We must have a term for mass multiplied by 
velocity, and another term for mass multiplied by the 
square of the velocity, and we cannot do better than allow 
momentum and vis viva to continue to represent them respec
tively. As a technical term, momentum appears to have been 
transferred from square of velocity to simple velocity, on the 
supposition that the latter properly represents 'quantity of 
' motion.' (See Energy.) In a general sense momentum may be 
used for vis viva of momentum. Vis viva is related to 
momentum exactly as vis inertise is related to inertia. 

Gravity has gradually become recognised as a term for 
gravitation less centrifugal force, and represents weight and not 
mass. The same mass has more gravity, or weight, near the 
Poles, where the acceleration of gravity becomes 32-227 ft. per 
second, than near the Equator, where it becomes only 32-117; 
whereas in our latitude it approximates closely to 32-2 at the 
sea level. The above distinction between gravity and gravita
tion is not always made, and the context must decide as to 
whether it has been intended by any writer. It has been 
suggested to use the term attraction for gravitation, so as to 
leave the latter term to represent gravity. But the distinction 
I have given seems to be the one which is generally accepted; 
and it seems also undesirable for the term attraction to be 
appropriated to gravitation. 

Gravitation is as the mass and inversely as the square of 
the distance from which it acts. I say: (1) It resists all 
impressed motion with a force as the square of the velocity; 
(2) it is the force exerted by matter in resisting motive forces 
and to restore equihbrium disturbed by expended forces, thus 
making universal gravitation identical with vis inertise or the 
force with which the inertia of matter resists motion; (3) a 
rotating sphere exerts a revolving force directly as the gravita
tion of the nearer exceeds that of the remoter hemisphere, 
which is inversely as the cube of the distance from the centre 
of the sphere ; (4) in a rotating sphere the radii in the plane of 
rotation are levers for the resisting action of gravitation; so 
that if two rigid spheres are of equal mass but one twice the 
diameter of the other, equal revolving forces will give a 
velocity of motion twice as great to the small sphere as that 
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given to the large sphere, making the angular velocity four 
times greater. 

Astral gravitation is a convenient term, and seems to m e 
the most appropriate possible term, for representing generally 
the resisting force of graAdtation opposing all motion, whether 
it be universal gravitation resisting an impressed force or one 
aspect of a conflicting action of gravitation. It is the com
bined action of the gravitation of the universe, excepting the 
force whose action it opposes. Thus, as the Earth carries the 
ocean along with the Earth's motion, the opposing force of 
astrat gravitation is the combined action of all forces of 
gravitation excepting that of the Earth; whereas the direct 
action of any motive force, as when a ball is thrown by the 
hand, is resisted by universal gravitation, which is identical with 
vis inertise, or the force with which matter resists motion. 
Newton excluded this force by at one time declaring that it 
destroyed itself by its contrary attractions, and at another time 
suggesting that we are too far from the centres from which the 
forces act to enable them to have any effective action on the 
Earth; but, I say, it has effective action in every detail of 
terrestrial phenomena. 

Centrifugal Force.—The definition of gravity which I have 
given above, as being that generally accepted, makes this in 
fact the difference between gravity and gravitation. In a non-
rotating body there is no centrifugal force, and its gravity and 
gra-vitation are therefore everywhere the same force. There is 
also no difference between those forces in the hne of the axis of a 
rotating body. And whatever the difference between them 
m a y be along the line of the equator on the surface of a 
rotating body, it decreases in that plane as the cube of the 
distance increases. The gravitation of the mass is not altered 
by its rotation, but continues to be the same force ; gra-sdty 
being its vertical, and centrifugal force its tangential com
ponent. 

Evanescence 1 have used as a matter-of-fact term for the 
unknown force which urges matter through its changing 
phases, and is resisted by gravitation. I at one time thought 
it not unlikely that electricity might possibly be that force; 
but Professor Dewar's recent lecture on the work of Sir 
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Humphry Davy has brought me back to the view I expressed 
in 1866 as to electrical action being gravitation. 

Energy.—I have not had occasion to use this as a technical 
term, but it seems expedient, in face of its widespread use, to 
show its connection with those I have used. It was at one 
time applied by Thomas Young to the mass multiplied by the 
square of the velocity; but for that purpose it is superfluous, 
as Leibnitz, Newton, and others had already applied the term 
vis viva to that quantity. It is now, nominally half the vis 
viva of motion, but is in.reality, whenever used in connection 
with the gravitation measure of work, identical with the 
quantity to which Leibnitz and Newton apphed the term vis 
viva. In ' gravitation measure' 32-2 poundals has been 
adopted as the approximate equivalent of gravity in this 
latitude, because an initial velocity at the rate of 32-2 ft. per 
second lifts a weight 16-1 ft. in a second, and gravity causes a 
weight to fall 16-1 ft. in a second with a final velocity at the 
rate of 32-2 ft. per second. But, as shown in the foregoing 
essay on the Spinning Top, p. 147, gravity is equivalent to 
only half the force which gives an initial velocity of 32-2 ft. 
per second. Forces are as the quantities of motion they cause, 
and the argument in connection vyith figs. 32 and 33 shows the 
initial velocity of 32-2 ft. to give 32-2 ft. of work, or poundals if 
the weight be one pound; whereas gravity does only 16-1 
poundals on the same weight in the second. Instead of 32-2 
poundals, only 16-1 should have been adopted as the equivalent 
of gravity, as 16-1 represents the number of poundals of force 
requisite to keep a one-pound weight from falhng without the 
further expenditmre of force requisite to hft it against gravity. 
Thomas Young and Newton would arrive at the same results 
with their forces of ' vis viva' and ' energy,' because they are 
the same force under different names; and they would also 
give the same practical results as are now given by one half of 
that quantity of force, because the present halving of the force 
merely corrects the erroneous measure of gravitation with 
which it has recently been connected. 

In order to be quite exphcit as to the question above at issue, 
I refer to Article XLVII. in Maxwell's work, ' Matter and 
Motion,' where he says that a poundal, the unit of force, 'is 
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' that which, in one second, would communicate to one pound a 
' velocity of one foot per second.' 

Interpreted by Newton's Second L a w of Motion, by which 
forces are as the quantities of motion they cause, the velocity 
of one foot per second must be considered to carry the pound 
weight through the space of one foot; and, as gravity carries it 
through 16-1 feet in a second, it is therefore, by Newton's law 
combined with MaxweU's definition, 16-1 poundals; which, I 
say, is the true equivalent of gravity. But Maxwell intention
ally, as the context shows, treats his definition exactly as if, 
instead of ' a velocity of one foot per second,' he had said: a 
final velocity a t the rate of one foot per second; and he then 
deals with that quantity, which is the momentum at the end of 
the second, instead of m t h the quantity of motion the force has 
caused; and he thus makes gravity equivalent to 32-2 poundals. 
That figure represents the momentum of a pound weight after 
falling for one second, and also the ' acceleration of gravity' per 
second, the same quantity of momentum being added every 
second ; but momentum is not a direct measure of either the 
quantity of motion or of the force of motion. It seems to m e pro
bable that those who initiated the mistake did so in consequence 
of having been imbued v,ith the idea that momentum is identical 
with quantity of motion. Newton's Definition II. of quantity 
of motion is ambiguous unless considered in. connection with 
the context, which seems to show that by 'velocity' he there 
means mean velocity, or space traversed. At any rate, in 
commenting on his Third L a w of Motion, regarding action and 
reaction, he expressly warns his readers against dealing with 
velocity of motion instead of quantity of motion. 

It is indisputable that Thomson and Tait are perfectly 
correct when they say that 'the Measure of a Force is the 
quantity of motion which it produces in a unit of time.' And 
if momentum, that is to say, mass multiplied by velocity, really 
represented quantity of motion, it would be quite right to take 
for a poundal, or unit of force, as they do, the force which, 
' acting on one pound of matter for one second, generates a 

^ The Elements of Natural Philosophy, Part I., 2nd ed., p. 59. 
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' velocity of one foot per second.' ^ But as the momentum (which 
is the velocity at the end of the second) does not represent 
' quantity of motion,' it is not a proper measure of force under 
their own law ; and in order to keep in harmony with their own 
statement as to what is a measure of force they should have 
made the poundal the force which carries one pound through 
the space of one foot in one second. That definition reaUy takes 
quantity of motion for the measure of force, and it makes 
gravity equal 16-1 poundals instead of 32-2 poundals as declared 
by them and by Maxwell. 

If the unit of force were corrected as above indicated, then 
energy wotild really (instead of only nominally) represent half 
the vis viva of momentum, and might become a useful and 
independent quantity in natural philosophy instead of forming, 
as at present, merely a complicated method of dealing with 
vis viva. For, though gravity is equal to only half the initial 
vis viva of momentum which, projects a body to the height of 
16-1 feet, and in the second during which the body is rising its 
resisting action does only half as much work as is done by the 
force of projection, as soon as the force of projection has been 
expended by its resisting action it does, in the following second, 
another equal quantity of work for the restoration of the 
equilibrium which has been disturbed; making its total action 
equivalent to that of the vis viva of projection. That second 
half of the action of gravity is the quantity which may be 
made available mechanically as stored energy, either by pre
venting a weight from falhng back to its original distance from 
the Earth's centre until the stored energy is wanted, or by keep
ing a coiled spring from unbending. I say that the vis viva 
which has effective action in bending the spring is twice the 
force exerted by the resistance of the reciprocal gravitation of 
the particles of the spring (technically called their cohesion), 
and, in unbending, another equal amount of force is exerted 
by the gravitation of the particles of the spring for the restora
tion of the positions which had been distm-bed by the force 
which bent the spring. If a force of projection carry a weight 

^ Treatise on Natural Philosophy, vol. !., Part I., new edition, 
1879, p. 229. 



G L O S S A E Y 187 

beyond the distance -within which the Earth's gravitation is 
paramoimt, none of the opposing force of gravity can be stored, 
because the force has exceeded the Earth's power of control; 
and so also, if the bending force break the spring, no force can 
be stored, because the controlling power of the gravitation of 
the particles where the breakage occurs has been exceeded by 
the bending force, which has therefore separated them beyond 
the distance within which the interaction of their gravitation is 
paramount. 

Another reason for separating a given quantity of vis viva 
into two parts m a y be illustrated by the fact that when a 
weight is lifted one half of the force exerted for the purpose is 
spent in pushing the Earth away from the weight, and only the 
remaining half in moving the weight; and energy (as half of 
vis viva) would represent one half, which might be either half, 
of the force exerted. It would, however, be merely a relative 
term' showing the relation which the force it represents bears 
to a total quantity of vis viva under consideration. If the force 
be considered independently of its subordinate relation to the 
greater force in which it originates, there ceases to be any 
reason for calling it energy instead of vis viva. 

Eankine seems to have introduced the present use of energy 
as a scientific term. In a paper published in ' The Philosophical 
Magazine ' for 1853, page 106, he gives the definitions of Actual 
and Potential Energy, which form the basis of his argument, 
saying : ' If the change whereby potential energy has been 
' developed be exactly reversed, then, as the potential energy dis-
' appears, the actual energy which had previously disappeared is 
' reproduced.' I do not doubt that Eankine correctly shows the 
relation between the quantities of actual energy and potential 
energy with which he deals, but he does not recognise the fact 
that the quantity of actual energy in the first instance must of 
necessity be at least twice the quantity of the potential energy 
developed, for (on page 110) he supposes a case ' when the 
' tendency to the production of potential energy is simply pro-
' portional to the actual energy present.' I say that Eankine 
ignores not only all the resisting action of gravitation which is 
a force equivalent to the vis viva of the original momentum, 
but also ignores one half of that momentum; the remaining 
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half is the only quantity of actual energy with which he deals; 
he shows how it may become represented by an equivalent 
quantity of potential energy; and how the latter disappears in 
the reproduction of an exactly equivalent quantity of actual 
energy. The foregoing argument in connection with the cannon-
ball shows that all the momentum of projection is expended by 
the resistance of gravitation; and the ' development' of poten
tial energy depends on the question as to whether the expended 
force leaves the ball away from the position in which the 
reciprocal action of gravitation tends to place it. If the force 
of projection has merely rolled the ball along the ground, there 
is not any potential energy developed; and the greatest 
quantity that can be developed in any case is equivalent to 
only one half of the vis -viva given to the cannon-ball by 
the force of projection. Pig. 33, page 142, shows that the 
momentum of the cannon-ball does forty-nine miles of work, 
whatever the direction of projection may be. If projected 
vertically, only one half of that work is apparently effective; 
but as soon as the original momentum is expended then 
gravity creates a quantity of effective action for the restoration 
of equilibrium exactly equivalent to that which it prevented 
from being apparent in the 90 seconds during which the 
force of projection was in action. The action is precisely that 
of the rebound of the bent spring. The force of the rebound is 
the reciprocal action of gravitation between the particles of the 
spring, which brings them back to their normal positions after 
the force which bent the spring has ceased to act. And so, also, 
the reciprocal gravitation between the oannon-baU and the 
Earth creates the actual energy which brings them back to their 
normal positions after the momentum with which the ball was 
projected has been expended. 

Eankine does not in the paper above quoted, nor in a subse
quent paper published in ' The Edinburgh N e w Philosophical 
Journal' for July-October, 1855, declare energy to be half vis 
viva, but seems, on page 136 of the latter paper, to suppose 
them to be equivalent; though the fact is that his definition of 
' velocity,' as ' accelerative force,' being the measure of quantity 
of work, which is given in the same paper (p. 129), does in fact 
make his ' actual energy' practically only half vis viva; and in 
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his subsequent article on Mechanics in the eighth edition of 
' The EncycloptBdia Britannica,' published in 1857 (p. 411), he 
defines aL̂ tiial energy of motion as ' one half of the quantity 
' which is called vis viva in some treatises on Mechanics.' It 
does not appear that Eankine at first intended to change energy 
from the quantity to which it had been apphed by Thomas 
Young. In every case, however, what Eankine calls the actual 
energy of the cannon-ball, and is now termed by Lord Kelvin 
and others its kinetic energy, is intrinsically its vis viva. It is 
not one half of vis viva, but the full quantity of the identical 
force which constitutes the vis viva of the cannon-ball's 
momentum. 

Si quid novisti rectius istis, 
Candidas imperti; si non, liis utere mecum. 
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Crolter's Boswell's Johnson. 
Hallam's Constitutional 
History. 

Warren Hastings. 
The Earl of Chatham (Two 
Essays). 

Frederick the Great. 
Ranke and Gladstone. 
Lord Bacon. 
Lord Clive. 
Lord Byron, and The 
Comic Dramatists of 
the Restoration. 

Miscellaneous Writings. 
People's Edition, i vol. Cr. Svo., 4s. bd. 
Library Edition. 2 vols. 8vo., 21s. 

Miscellaneous Writings, 
Speeches and Poems. 
Popular Edition. Crown Svo., 2s. bd. 
Cabinet Edition. 4 vols. Post Svo., 24s. 

Selections prom the Writings of 
Lord Macaulay. Edited, with Occa
sional Notes, by the Right Hon. Sir G. O. Trevelyan, Bart. Crown Svo., 6s. 
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History, Polities, Polity, Political Memoirs, &e.—continued. 

Mackinnon.—The History of 
Edward the Third. By James Mac
kinnon, Ph.D., Lecturer on History in the 
University of St. Andrews. Svo., i8s. 

May.—The Constitutional His
tory OF England since the Accession 
of George III. 1760-1870. By Sir Thomas 
Erskine May, K.C.B. (Lord Farnborough). 
3 vols. Cr. Svo., i8s. 

Merivale (Charles, D.D.). 
History of theRomans under the 
Empire. 8 vols. Crown Svo., 3s. bd. each. 

The Fall of the Roman Republic: 
a Short History of the Last Century of the 
Commonwealth. i2mo., 7s. bd. 

General History of Rome, from 
the Foundation of the City to the Fall of 
Augustulus, B.C. 753-A.D. 476. With 5 
Maps. Crown Svo, 7s. bd. 

Montague. — The Elements of 
English Constitutional History. By 
F. C. Montague, M.A. Crown Svo., 3s. bd. 

Phillips.—South African Recol
lections. By Florence Phillips (Mrs. 
Lionel Phillips). With 37 Illustrations from 
Photographs. Svo., 7s. bd. 

Powell and Trevelyan. — The 
Peasants' Rising and the Lollards : 
a Collection of Unpublished Documents, 
forming an Appendix to ' England in the 
AgeofWycliffe'. Edited by Edgar Powell 
and G. M. Trevelyan. Svo., 6s. net. 

Ransome.—The Rise of Consti
tutional Government in England. 
By Cyril Ransome, M.A. Crown 8vo., 6s. 

Seebohm.—The English Village 
Community Examined in its Relations to 
the Manorial and Tribal Systems, etc. By 
Frederic Seebohm, LL.D., F.S.A. With 
13 Maps and Plates, 8vo., i6s. 

Sharpe.—London and the Kingdom: 
a History derived mainly ftom the Archives 
at Guildhall in the custody of the Corpora
tion of the City of London. By Reginald 
R. Sharpe, D.C.L., Records Clerk in the 
Office of the Town Clerk of the City of 
London. 3 vols. Svo. xos. bd. each. Shaw.'—A History of the English Church during the Civil Wars and under the Commonwealth, 1640-1660. By William A. Shaw, Litt.D. 2 vols. Svo., 36s. Smith.— Carthage AND the Carthaginians. By R. Bosworth Smith, M.A., With Maps, Plans, etc. Cr. Svo., 3s. bd. 

Statham.—r/fis History of the 
Castle, Town and Port of Dover. By 
the Rev. S. P. H. Statham. With 4 Plates 
and 13 Illustrations. Crown 8vo., los. bd. 

Stephens. — ^ History of the 
French Revolution. By H. Morse 
Stephens. Svo. Vols. I. and II. iSs. each. 

Stubbs.—History of the Univer
sity OF Dublin, firom its Foundation to 
the End of the Eighteenth Century. By J. 
W . Stubbs. Svo., 12s. bd. 

Sutherland.-- The History of A us-
tralia and New Zealand, from 1606-
rSgo. By Alexander Sutherland, M. A., 
and George Sutherland, M.A. Crown 
Svo., 2S. bd. 

Taylor.—^ Studeni's Manual of 
THE History of India. By Colonel Mea
dows Taylor, C.S.I., etc. Cr. Svo., 7s. bd. 

Todd.—Parliamentary Govern
ment IN the British Colonies. By 
Alpheus Todd, LL.D. Svo., 30s. net. 

Trevelyan.—The American Revo
lution. Parti. \-]bb-i']ib. BytheRt. Hon. 
Sir G, O. Trevely'an, Bart. Svo., i6s. 

Trevelyan.—England in the Age 
OF Wycliffe. By George Macaulay 
Trevelyan. Svo., 15s. 

Wakeman and Hassall.—Essays 
Introductory to the Study of English 
Constitutional History. Edited by 
Henry Offley Wakeman, M.A., and 
Arthur Hassall, M.A. Crown Svo., 6s. 

Walpole.—History of England 
FROM THE Conclusion of the Great 
IVaR in 1S15 TO 1S5S. By Sir Spencer 
Walpole, K.C.B. 6 vols. Cr. 8vo., 6s. each. 

Wood-Martin.—Pagan Ireland : 
AN a rchmological SKETCH. A Handbook 
of Irish Pre-Christian Antiquities. By W . 
G. Wood-Martin, M.R.I.A. With 512 
Illustrations. Crown 8vo., 15s. 

Wylie (James Hamilton, M.A.). 
History of England under 
Henry IV. 4 vols. Crown Svo. Vol. 
I., I3gg-i404, los. bd. Vol. II., 1405-
i.:|o6, 15s. (put of print). Vol. IH., 1407-1411, 15s. Vol. IV., 1411-1413, 21S. The Council of Constance to the Death of John Hus: Being the Ford Lectures delivered in the University of Oxford in Lent Term, igoo. Crown Svo., 6s. net. 
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Biography, Personal Memoirs, &e. 

Armstrong.—The Life andLetters 
OF Edmcxd y. Armstroxg. Edited by 
G. ¥. Savage Armstrong. Fcp. Svo.,7s.6rf. 

Bacon.—The Letters and Life of 
FR.4NCIS B.4C0N, INCLUDI.VG ALL HIS OC
CASIONAL Works. Edited by James Sped-
ding. 7 vols. 8vo., ;£'4 4s. 

Bagehot.—Biographical Studies. 
By Walter Bagehot. Crown Svo., 3s. bd. 

Boevey.—' The Perverse Widow' : 
being passages from the Life of Catharina, 
wife of William Boevey, Esq., of Flaxley 
.\bbey, in the County of Gloucester. Com
piled by Arthur W . Crawley-Boevey, 
M.A. With Portraits. 410.. 42s. net. 

Carlyle.—Thomas Carlyle: A His
tory of his Life. By James Anthony 
Froude. 
'795"i835' - vols. Crown Svo., 7s. 
1834-1881. 2 vols. Crown 8vo., 7s. 

Cellini.—Chisel, Pen, and Poic-
xard ; or, Benvenuto Cellini, his Times 
and his Contemporaries. By the Author of 
' The Life of Sir Kenelm Digby,' ' The Life 
of a Prig,' etc. With ig Illustrations. 
Crown Svo., ^s. 

Crozier.—My Inner Life : being a 
Chapter in Personal Evolution and Auto
biography. By John Beattie Crozier, 
Author of ' Civilisation and Progress,' etc. 
Svo., 14s. 

Dante.—The Life and Works of. 
Daxte Allighieri : being an Introduction 
to the Study of the ' Divina Coramedia'. 
By the Rev. J. F. Hogan, D.D., Professor, 
St. Patrick's College, Maynooth. With 
Portrait. Svo., 12s. bd. 

Danton.—Life of Danton. By A. 
H. Beesly. With Portraits of Danton, his 
Mother, and an Illustration of the Home of 
his family at Arcis. Crown Svo., 6s. 

Duncan.—Admiral Duncan. By 
The Earl of Camperdown. With 3 Por
traits. Svo., i6s. 

Erasmus.—Life and Letters of 
Erasmus. By James Anthony Froude. 
Crown 8vo., 3s. bd. Faraday.—Faraday as a Discoverer. By John Tyndall. Crown Svo, 3s. bd. Foreign Courts and Foreign Homes. By A. M. F. Crown 8vo., 6s. 

Fox.— The Early History of 
Charles James Fox. By the Right Hon. 
Sir G. O. Trevelyan, Bart. 
Library Edition. Svo., iSs. 
Cheap Edition. Crown Svo., 3s. bd. 

Halifax.—The Life and Letters of 
Sir George Savile, Baronet, First 
Marquis OF Halifax. By H. C. Foxcroft. 
2 vols. Svo., 36s. 

Hamilton.—Life of Sir William 
Hamilton. By R. P. Graves. Svo. 3 vols. 
15s. each. Addendum. Svo., bd. sewed. 

Havelock.—Memoirs of Sir Henry 
Havelock, K.C.B. By John Clark 
Marshman. Crown 8vo., 3s. bd. 

Haweis.—My Musical Life. By 
the Rev. H. R. Haweis. With Portrait of 
Richard Wagner and 3 Illustrations. Crown 
Svo., 6s. net. 

Hiley. — Memories of Half a 
Century. By the Rev. R. W . Hiley, 
D.D.", Vicar of Wighill, Tadcaster. With 
Portrait. Svo., 15s. 

Jackson.—Stonewall Jackson and 
THE American Civil War. By Lieut.-Col. 
G. F. R. Henderson. With 2 Portraits and 
33 Maps and Plans. 2 vols. Svo., 42s, 

Leslie.—The Life and Campaigns 
OF Alexander Leslie, First Earl of 
Leven. By Charles Sanford Terry, 
M.A. With Maps and Plans. Svo., i6s. 

Luther.—Life of Luther. By 
Julius Kostlin. With 62 Illustrations 
and 4 Facsimilies of MSS. Cr. Svo., 3s. bd. 

Macaulay.—The Life and Letters 
OF Lord Macaulay. By the Right Hon. 
Sir G. O. Trevelyan, Bart. 
Popular Edition, i vol. Cr. Svo., 2s. bd. 
Student's Edition 1 vol. Cr. 8vo., 6s. 
Cabinet Edition. 2 vols. Post Svo., 12s. 
'Edinburgh'Edition. 2vols. Svo.,6s.each 
Library Edition. 2 vols. Svo., 36s. 

Marbot. — The Memoirs of the 
Baron de Marbot. Translated from the 
French. 2 vols. Crown Svo., 7s. 

Max Miiller.—Auld Lang Syne. 
By the Right Hon. F. Max Mijller. First Series. With Portrait. Svo, los. bd. Contents.—Musical Recollections—Literary Recollections—Recollections of Royalties—Beggars. Second Series. M y Indian Friends. Svo, los. bd. Morris. — The Life of jVilliam Morris. By J. W . Mackail. With 6 Portraits and 16 Illustrations by E. H. New etc. 2 vols. Svo., 32s. 
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Palgrave.—Francis Turner Pal
grave: His Journals, and Memories of his 
Life. By Gwenllian F. Palgrave. With 
Portrait and Illustration. Svo., los. bd. 

Pearson.— Charles Henry Pear
son, Fellow of Oriel, and Education 
Minister in Victoria ; Author of ' Na
tional Life and Character'. Memorials by 
Himself, his Wife, and his Friends. Edited 
by W . Stebbing, Hon. Fellow of Worces
ter College, Oxford. With Portrait. Svo., 14s. 

Place.—The Life of Francis Place, 
1771-1S54. By Graham Wallas, M.A. 
With 2 Portraits. Svo., r2s. 

Powys. — Passages from the 
Diaries of Mrs. Philip Lybbb Powys, 
of Hardwick House, Oxon., 1756-180S. 
Edited by Emily J. Climenson, of Shiplake 
Vicarage, Oxon. With 2 Pedigrees (Lybbe 
and Powys) and Photogravure Portrait. 
Svo., i6s. 

Ramakr/shna : His Life and \ 
Sayings. By the Right Hon. F. Max \ 
MiJLLER. Crown Svo., 5s. | 

Reeve.—Memoirs of the Life and j 
Correspondence of Henry Reeve, C.B., \ 
late Editor of the ' Edinburgh Review,' and ; 
Registrar of the Privy Council. By John ! 
Knox Laughton, M.A. With 2 Portraits. ! 
2 vols. Svo., 28s. I 

Romanes.—The Life and Letters 
of George John Romanes, M.A., LL.D., 
F.R.S. Written and Edited by his Wife. 
With Portrait and 2 Illustrations. Cr. Svo., 6s. 

Seebohm.—TheOnford Reformers 
—John Colet, Erasmus, and Thomas 
More : a History of their Fellow-Work. 
By Frederic Seebohm. Svo., 14s. 

Memoirs, &e.—continued. 

Shakespeare. — Outlines of the 
Life OF Shakespeare. By J. O. Halli-
well-Phillipps. With Illustrations and 
Fac-similes. 2 vols. Royal Svo., 21s. 

Shakespeare's True Life. By 
James Walter With 500 Illustrations by 
Gerald E. Moira. Imp. Svo., 2rs. net. 

Stanley (Lady). 
The Girlhood of Maria Joseph a 
HoLROYD (Lady Stanley 0/ Alderley). 
Recorded in Letters of a Hundred Years 
Ago, from I776-I7g6. Edited by J. H. 
Adeane. With 6 Portraits. Svo., i8s. 
The Early Married Life of 
Maria Josepha, Lady Stanley, from 
lygb. Edited by J. H. Adeane. With 
10 Portraits and 3 Illustrations. Svo., iBs. 

Turgot—The Life and Writings 
OF Turcot, Comptroller-General of France, 
1774-1776. Edited for English Readers by 
VV. Walker Stephens. With Portrait. 
Svo, 7s. bd. 

Verney. —Memoirs of the Verney 
Family. Compiled from the Letters and 
Illustrated by the Portraits at Clayden 
House. 
Vols. I. & II., During the Civil War. 
By Frances Parthenope Verney. With 
38 Portraits, etc. Royal Svo., 42s. 

Vol. HI., During the Commonwealth. 
1650-1660. By Margaret M. Verney. 
With 10 Portraits, etc. Royal 8vo., 21s. 

Vol. IV., From the Restoration to the 
Revolution. 1660 to i6g6. ByMAROARET 
M. Verney. With 11 Portraits, etc. 
Royal 8vo., 21s. 

Wellington.—Life of the Duke 
OF Wellington. By the Rev. G. R. 
Gleig, M.A. Crown Svo., 3s. bd. 

Travel and Adventure, the Colonies, &e. 

Baker (Sir S. W.). 
Eight Years in Ceylon. With 6 
Illustrations. Crown Svo., 3s. bd. 

The Rifle and the Hound in 
Ceylon. With 6 Illustrations. Crown 
Svo., 3s. bd. 

Arnold.—Seas and Lands. By Sir 
Edwin Arnold. With 71 Illustrations. 
Crown Svo., 3s. bd. 

Ball (John). 
The Alpine Guide. Reconstructed 
and Revised on behalf of the Alpine Club, 
by W . A. B. Coolidge. • 
Vol. I., The Western Alps : the Alpine 
Region, South of the Rhone Valley, 
from the Col de Tenda to the Simplon 
Pass. With g New and Revised Maps. 
Crown Svo., 12s. net. 

Hints and Notes, Practical and 
Scientific, for Travellers in the 
Alps: being a Revision of the General Introduction to the ' Alpine Guide '. Crown Svo., 3s. net. 

Bent.—The Ruined Cities of Ma-
SHONALAND: being a Record of Excavation 
and Exploration in i8gi. By J. Theodore 
Bent. With 117 Illustrations. Crown 
Svo., 3s. bd. 

Bicknell.—Travel and Adventure 
in Northern Queensland. By Arthur 
C. Bicknell. With 24 Plates and 22 Illustrations in the Text. Svo., 15s. 
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Travel and Adventure, the Colonies, &e.—continued. 

•Brassey.— Voy.ages axd Travels Lees.—Peaks axd Pines: another 
OF Lord Brassey, A'.C.B., D C.L., iSb2- Norway Book. By J. A. Lees. With 
iSg4. .-Vrranged and Edited by Captain S. 63 Illustrations and Photographs by the 
Eardley-Wilmot. 2 vols. Cr. 8vo., los. .\uthor. Crown Svo., 6s. 

Brassey (the late Lady). 
A I'oiAGEIXthe ' Sunbeam'; Our • 

Home ox the Ocean for Eleven 
ilOXTHS. 
Cabinet Edition. With Map and 66 
Illustrations. Crown Svo., 7s. bd. 

' Silver Library Edition. With 66 lUus- \ 
trations. Crown Svo., 3s. bd. 

Popular Edition. With 60 Illustrations. 
4to., 6d. sewed, is. cloth. 

School Edition. With 37 Illustrations. 
Fcp., 2s. cloth, or 3s. white parchment. 

Sunshine .and Storm lv the E.4St. 
Cabinet Edition. With 2 Maps and 114 . 
Illustrations. Crown Svo., 7s. bd. 

Popular Edition. With 103 Illustrations. 
4to., bd. sewed, is. cloth. 

Iv THE Trades, the Tropics, and 
THE ' Roaring Forties ' 
Cabinet Edition. With Map and 220 
Illustrations. Crown Svo,, 7s. bd. 

Browning.—A Girl's Wanderings 
IX Huxgary. By H. Ellen Browning. 
With Map and 20 Illustrations. Crown Svo., 
3s. bd. 

Froude (J.ames A.). 
Oceana : or England and her Col
onies. With g Illustrations. Cr. Svo.,3s. bd. 

The E.XGLisH IN THE West Indies : 
or, t!-e Bow of Ulysses. With g Illustra
tions. Crown Svo., 2s. boards, 2s. bd. cloth. 

Howitt.— Visits to Remarkable 
Places. Old Halls, Battle-Fields, Scenes, 
illustrative of Striking Passages in English 
History and Poetry. By William Howitt. 
With 80 Illustrations. Crown 8vo., 3s. bd. 

Knight (E. P.). 
The Cruise of the ' Alerte ': the 
Narrative of a Search for Treasure on the 
Desert Island of Trinidad. With 2 Maps 
and 23 Illustrations. Crown Svo., 3s. bd. 

Where Three Empires meet: a 
Narrative of Recent Travel in Kashmir, 
Western Tibet, Baltistan, Ladak, Gilgit, and the adjoining Countries. With a Map and 54 Illustrations. Cr. Svo., 3s. 6d. The ̂ Falcon' on the Baltic: a Voyage from London to Copenhagen in a "Three-Tonner. With 10 Full-page Illustrations. Crown 8vo., 3s. bd. 

L e e s and Clutterbuck.—B.C. 1887 : 
A Ramble IN British Columbia. By J. A, 
Lees and W . J. Clutterbuck, With Map 
and 75 Illustrations. Crown Svo., 3s. bd. 

Macdonald.—TheGoldCoast:Past 
and Present. By George Macdonald, 
Director of Education and H.M. Inspector 
of Schools for the Gold Coast Colony and 
the Protectorate. With 32 Illustrations. 
Crown Svo., 7s. bd. 

Nansen.—The First Crossing of 
Greexland. By Fridt;of Nansen. With 
143 Illustrations and a Map. Crown Svo., 
3s. bd. 

Smith.—Climbing in the British 
Isles. By W . P. Haskett Smith. With 
Illustrations by Ellis Carr, and Numerous 
Plans. 
Part I. Exglaxd. i6mo., 3s. bd. 
Part II. Wales and Ireland. i6mo., 
3s. bd. 

Stephen. — The Play-Ground of 
Europe (The Alps). By Leslie Ste
phen. With 4 Illustrations, Crown Svo., 
3s, bd. 

Three in Norway. By Two of 
Them, With a Map and 5g Illustrations, 
Crown Svo., 2s. boards, 2s. bd. cloth. 

Tyndall.—(John). 

The Glaciers of the Alps : being 
a Narrative of Excursions and Ascents. 
An Account of the Origin and Phenomena 
of Glaciers, and an Exposition of the 
Physical Principles to which they are re
lated. With 61 Illustrations. Crown Svo., 
6s. bd. net. 

Hours of Exercise in the Alps, 
With 7 Illustrations. Cr. Svo., 6s. bd. net. 

Vivian.—Servia : the Poor Man's 
Paradise. By Herbert Vivian, M.A,, 
Officer of the Royal Order of Takovo. 
With Map and Portrait of King Alex
ander. Svo., 15s. 
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Veterinary Medicine, &e. 

Steel (John Henry, F.R.C.V.S., 
F.Z.S., A.V.D.), late Professor of Veterin
ary Science and Principal of Bombay 
Veterinary College. 

A Treatise on the Diseases of 
the Dog; being a Manual of Canine 
Pathology. Especially adapted for the use 
of Veterinary Practitioners and Students. 
With 88 Illustrations. Svo., los. bd. 

A Treatise on the Diseases of 
the Ox; being a Manual of Bovine 
Pathology. Especially adapted for the 
use of Veterinary Practitioners and 
Students. With 2 Plates and 117 
Woodcuts. Svo., 15s. 

A Treatise on the Diseases of 
the Sheep; being a Manual of Ovine 
Pathology for the use of Veterinary Prac
titioners and Students. With Coloured 
Plate and gg Woodcuts. Svo., 12s, 

Outlines of Equine Anatomy; a 
Manual for the use of Veterinary Students 
m the Dissecting Room, Cr. Svo,, 7s, bd. 

Fitzwygram.—Horses and 
Stables. By Major-General Sir F, Fitz
wygram, Bart, With 56 pages of Illustra
tions. Svo., 2s. bd. net. 

Schreiner. — The Angora Goat 
(published under the auspices of the South 
African Angora Goat Breeders' Association), 
and a Paper on the Ostrich (reprinted from 
the Zoologist for March, i8g7). With 26 
Illustrations. By S. C, Cronwright 
Schreiner. 8vo., ios. bd. 

'Stonehenge.' —:ri/£ Dog in 
Health and Disease. By ' Stone
henge '- With 78 Wood Engravings. 
Svo., 7s, bd. 

Youatt (William). 
The Horse. Revised and Enlarged 
by W. Watson, M.R.C.V.S. With 52 
Wood Engravings. Svo., 7s, bd. 

T h e Dog. Revised and Enlarged. 
With 33 Wood Engravings. Svo,, 6s, 

Sport and Pastime. 

THE BADMINTON LIBRARY. 

Edited by HIS G R A C E T H E L A T E D U K E OF BEA U F O R T , K.G., and A. E, T. 
W A T S O N , Complete in 2g Volumes. Crown Svo., Cloth, Price los. bd. each Volume. 

*,* The Volumes are also issued half-bound in Leather, with gilt top. The price can be had 
from all Booksellers. 

ARCHER Y. By C. J. Longman and 
Col. H, Walrond. With Contributions by 
Miss Legh, Viscount Dillon, etc. With 
2 Maps, 23 Plates and 172 Illustrations in 
the Text. Crown Svo., los. bd. 

ATHLETICS. By Montague 
Shearman. With Chapters on Athletics 
at School by W . Beacher Thomas ; Ath
letic Sports in America by C. H. Sherrill ; 
a Contribution on Paper-chasing by W . Rye, 
and an Introduction by Sir Richard Web
ster, Q.C., M.P. With 12 Plates and 37 Illustrations in the Text. Cr. Svo., los. bd. 

BIG G A M E SHOOTING. 
Clive Phillipps-Wolley. 

By 

Vol. I. AFRICA A N D AMERICA. 
With Contributions by Sir Samuel W. 
Baker, W. C. Oswell, F. C. Selous, 
etc. With 20 Plates and 57 Illustrations 
in the Text. Crown Svo., los. bd. 

Vol. H, EUROPE, ASIA, AND THE 
ARCTIC REGIONS. With Contribu
tions by Lieut.-Colonel R. Heber 
Percy, Major Algernon C. Heber 
Percy, etc. With 17 Plates and 56 Illus
trations in the- Text. Cr. Svo., los. 6c?. 
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Sport and Pastime—continued. 

THE BADMINTON LIBRARY—coMi«»t«rf. 

BILLIARDS. By Major VV. Broad-
foot, R.E. With Contributions by A. H. 
Boy'd, Sydenham Dixon, W. J. Ford, etc. 
With II Plates, ig Illustrations in the Text, 
and numerous Diagrams. Cr. Svo., los. bd. 

COURSING AND FALCONRY. 
By Harding Cox, Charles Richardson, 
and the Hon. Gerald Lascelles. With 
20 Plates and 55 Illustrations in the Text. 
Crown Svo., los. 6d. 

CRICKET. By A. G. Steel and 
the Hon. R. H. Lyttelton. With Con
tributions bj- .\ndrew Lang, W. G. Grace, 
F. Gale, etc. With 13 Plates and 52 Illus
trations in the Text. Crown Svo., los. bd. 

CYCLING. By the Earl of Albe
marle and G. Lacy Hillier. With ig 
Plates and 44 Illustrations in the Text. 
Crown Svo., los. bd. 

DANCING. By Mrs. Lilly Grove, 
F.R.G.S. With Contributions by Miss 
Middleton, The Hon. Mrs. Armytage, 
etc. With Musical Examples, and 38 Full-
page Plates and 93 Illustrations in the Text. 
Crown Svo., los. bd. 

DRIVING. By His Grace the late 
Duke of Beaufort, K.G. With Contribu
tions by A. E. T. Watson the Earl of 
Onslow, etc. With 12 Plates and 54 Illus
trations in the Text. Crown Svo,, los. 6d. 

FENCING, BOXING, AND 
WRESTLING. By Walter H, Pollock, 
F. C. Grove, C. Prevost, E. B. Mitchell, 
and Walter Armstrong. With 18 Plates 
and 24 lUust, in the Text. Cr. Svo., los. bd. 

FISHING. By H. Cholmondeley-
Pennell. 

Vol. I. SALMON AND TROUT. With 
Contributions by H. R. Francis, Major 
John P. Traherne, etc. With g Plates 
and numerous Illustrations of Tackle, 
etc. Crown Svo., los. bd. 

Vol. II. PIKE A N D O T H E R COARSE 
FISH. With Contributions by the 
Marquis of Exeter, William Senior, G. Christopher Davis, etc. With 7 Plates and numerous Illustrations of Tackle, etc. Crown Svo., los. bd. FOOTBALL. By Montague Shearman, W. J. Oakley, G. O. Smith, Frank Mitchell, etc. With ig Plates and 35 Illustrations in the Text. Cr. Svo., los. bd. 

GOIF. By Horace G. Hutchinson. 
With Contributions by the Rt. Hon. A. J, 
Balfour, M,P., Sir Walter Simpson, Bart., 
Andrew Lang, etc. With 32 Plates and 57 
Illustrations in the Text. Cr, Svo,, 10s, bd. 

HUNTING. By His Grace the late 
Duke of Beaufort, K.G., and Mowbray 
Morris, With Contributions by the Earl 
of Suffolk and Berkshire, Rev. E. W. 
L. Davies, G. H. Longman, etc. With 5 
Plates and 54 Illustrations in the Text. 
Crown Svo., los. bd. 

.MOUNTAINEERING. By C. T, 
Dent. With Contributions by the Right 
Hon. J. Bryce, .M.P., Sir Martin Conway, 
D. W. Freshfield, C. E, Matthews, etc. 
With 13 Plates and gi Illustrations in the 
Text. Crown Svo,, los. bd. 

POETRY OF SPORT {THE).— 
Selected by Hedley Peek. With a 
Chapter on Classical Allusions to Sport by 
Andrew L \ng, and a Special Preface to 
the BADMINTON LIBRARY by A. E. T. 
Watson. With 32 Plates and 74 Illustra
tions in the Text, Crown Svo,, los, bd. 

RACING AND STEEPLE-CHAS-
ING. By the Earl of Suffolk and 
Berkshire, W . G. Craven, the Hon. F. 
Lawley, Arthur Coventry, and A, E. T, 
Watson. With Frontispiece and 56 Illus
trations in the Text. Crown Svo., los. bd. 

RIDING A N D POLO. By Captain 
Robert Weir, J. Moray Brown, T. F. 
Dale, The Late Duke of Beaufort, The 
Earl of Suffolk and Berkshire, etc. 
With 18 Plates and 41 Illustrations in the 
Text. Crown Svo., los. bd. 

ROWING. By R. P. P Rowe and 
C. M. Pitman. With Chapters on Steering 
by C. P. Serocold and F. C. Beqg ; Met
ropolitan Rowing by S. Le Blanc Smith ; 
andonPUNTINGby P. W. Squire. With 
75 Illustrations. Crown Svo., los. bd. 

SEA FISHING. By John Bicker-
dyke, Sir H. W. Gore-Booth, Alfred 
C. Harmsworth, and W, Senior. With 
22 Full-page Plates and 175 Illustrations in the Text. Crown 8vo., los. bd. 
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Sport and Pastime—continued. 

T H E B A D M I N T O N lA^'RKSCI—continued. 

SHOOTING. 
Vol, I, FIELD A N D COVERT. By Lord 
Walsingham and Sir Ralph Payne-
Gallwey, Bart. With Contributions by 
the Hon. Gerald Lascelles and A. J. 
Stuart-Wortley. With ii Plates and 
g5 Illusts. in the Text, Cr. Svo,, los, bd. 

Vol. II, M O O R A N D MARSH. By 
Lord Walsingham and Sir Ralph Payne-
Gallwey, Bart. With Contributions by 
Lord Lovat and Lord Charles Lennox 
Kerr. With 8 Plates and 57 Illustrations 
in the Text. Crown Svo., los. bd. 

SKATING, CURLING, TOBOG
GANING. By J. M, Heathcote, C. G. 
Tebbutt, T. Maxwell Witham, Rev. 
John Kerr, Ormond Hake, Henry A. 
Buck, etc. With 12 Plates and 272 Illus
trations in the Text. Crown Svo., los. bd, 

SWIMMING. By Archibald Sin
clair and William Henry, Hon. Secs.of the 
Life-Saving Society. With 13 Plates and 112 
Illustrations in the Text. Cr. Svo., los. bd. 

TENNIS, LA W N TENNIS, 
RACKETS AND FIVES. By J. M. and 
C. G. Heathcote, E. O. Pleydell-Bou
verie, and A. C. Ainger. With Contributions 
by the Hon. A. Lyttelton, W. C. Mar
shall, Miss L. DoD, etc. With 12 Plates and 
67 Illustrations in the Text. Cr. 8vo., los. bd. 

YACHTING. 
Vol. I. CRUISING, CONSTRUCTION 
OF YACHTS, YACHT RACING 
RULES, FITTING-OUT, etc. By Sir 
Edward Sullivan, Bart., The Earl of 
Pembroke, Lord Brassey, K.C.B., C. 
E. Seth-Smith, C.B., G. L. Watson, R. 
T. Pritchett, E. F. Knight, etc. With 
21 Plates and g3 Illustrations in the Text. 
Crown Svo,, los. bd. 

Vol. II. YACHT CLUBS, YACHT
ING IN AMERICA A N D THE 
COLONIES, Y A C H T RACING, etc 
By R. T. Pritchett, The Marquis of 
Dufferin and Ava, K.P., The Earl of 
Onslow, James McFerran, etc. With 
35 Plates and 160 Illustrations in the 
•Text. Crown Svo., los. bd. 

FUR, FEATHER, A N D FIN SERIES. 
Edited by A. E. T. Watson. 

Crown 8vo., price 55. each Volume, cloth. 
The Volumes are also issued half-bound in Leather.^ with gilt top 

from all Booksellers. 
The price can he had 

THE PARTRIDGE. Natural His
tory, by the Rev. H. A. Macpherson ; 
Shooting, by A. J. Stuart-Wortley ; 
Cookery, by George Saintsbury. With 
II Illustrations and various Diagrams in 
the Text. Crown Svo., 5s. 

T H E G R O U S E . Natural History, by 
the Rev. H. A. Macpherson ; Shooting, 
by A. J. Stuart-Wortley; Cookery, by 
George Saintsbury. With 13 Illustrations 
and various Diagrams in the 'Text. Crown 
Svo., 5s. 

T H E PHEASANT. Natural History, 
by the Rev. H. A. Macpherson ; Shooting, 
by A. J. Stuart-Wortley ; Cookery, by 
Alexander Innes Shand. With 10 Illus
trations and various Diagrams. Crown 
Svo., 5s. 

T H E H A R E . Natural History, by 
the Rev. H. A, Macpherson ; Shooting, 
by the Hon. Gerald Lascelles ; Coursing, by Charles Richardson ; Hunting, by J. S, Gibbons and G. H. Longman ; Cookery, by Col. Kenney Herbert. With g Illustrations. Crown Svo, 5s. 

\ R E D DEER,—Natural History, by 
the Rev. H, A. Macpherson ; Deer Stalk
ing, by Cameron of Lochiel ; Stag 
Hunting, by Viscount Ebrington ; 
Cookery, by Alexander Innes Shand. 
With 10 Illustrations, Crown Svo., 5s, 

THE SALMON. By the Hon. A. E. 
Gathorne-Hardy. With Chapters on the 
Law of Salmon Fishing by Claud Douglas 
Pennant ; Cookery, by Alexander Innes 
Shand. With 8 Illustrations, Cr, 8vo,, 5s, 

THE TROUT. By the Marquess 
of Granby. With Chapters on the Breed
ing of Trout by Col. H, Custance ; and 
Cookery, by Alexander Innes Shand. 
With 12 Illustrations. Crown 8vo,, 5s, 

THE RABBIT. By James Edmund 
Harting, With a Chapter on Cookery by 
Alexander Innes Shand. With ro lUus-
tions. Crown 8vo,, 5s. 

PIKE AND PERCH. By W. Senior, John Bickerdyke and Alexander Innes Shand. {Nearly ready. 
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Sport and Pastime—continu£d. 

Bickerdyke.—Z>.-( 1-5 of M r Life on 
Waters Fresh axd Salt, axp other 
Papers. By John Bickerdyke. With 
Photo-etching Frontispiece and S Full-page 
Illustrations, Crown Svo., 6s. 

Blackburne. — Mr. Blackburne s 
Games at Chess. Selected, Annotated 
and Arranged by Himself. Edited, with a 
Biographical Sketch and a brief Historv of 
Blindfold Chess, by P. .\nderson Graham. 
Svo., 7s. bd. net. 

Cawthorne and Herod.—Royal 
.iscoT: its Histor)- and its Associations. 
By George James Cawthorne and Rich-
.4RD S. Herod. With 32 Plates and 106 
Illustrations in the Text. Demy 4to., 
31S. bd. net. 

Dead Shot i^The): or. Sportsman's 
Complete Guide. Being a Treatise on the Use 
of the Gun, with Rudimentary and Finishing 
Lessons in the Art of Shooting Game of all 
kinds. Also Game-driving, Wildfowl and 
Pigeon-shooting, Dog-breaking, etc. By 
Marksman. With numerous Illustrations. 
Crown Svo., los. bd. 

Ellis.—Chess Sparks ; or, Short and 
Bright Games of Chess. Collected and 
Arranged by J. H. Ellis, M.A. Svo., 4s. bd. 

Folkard.—The Wild-Fowler : A 
Treatise on Fowling, Ancient and Modern, 
descriptive also of Decoys and Flight-ponds, 
Wild-fowl Shooting, Gunning-punts, Shoot
ing-yachts, etc. Also Fowling in the Fens 
and in Foreign Countries, Rock-fowling, 
etc., etc., by H. C. Folkard. With 13 En
gravings on Steel, and several Woodcuts. 
Svo., I2S. bd. 

Ford.—The Theory and Pract.ce 
OP Archery. By Horace Ford. New 
Edition, thoroughly Revised and Re-written 
by W . Butt, M.A. With a Preface by C. 
J. Longm.^n, M.A. Svo., 14s. 

Ford.—Middlesex County Cricket 
Club, i864-i8gg. Written and Compiled 
by W . J. Ford. With Photogravure Portrait 
of V. E. Walker, Svo., los. net, 

Francis.—A Book on Angling : or, 
Treatise on the Art ol Fishing in every Branch ; including full Illustrated List of Salmon Flies. By Francis Francis. With Portrait and Coloured Plates. Crown 8vo., 15s. 

Gibson.— Tobogganixc, on Crooked 
Runs. By the Hon. Harry Gibson. With 
Contributions by F, de B, Strickland and 
' Lady-Toboganner'. With 40 Illustra
tions. Crown Svo., 6s, 

Graham.—Country Pastimes for 
Boys, By P, Anderson Graham. With 
252 Illustrations from Drawings and 
Photographs. Crown svo,, 3s, bd. 

Hutchinson.—The Book of Golf 
a.xd Golfers. By Horace G. Hutchin
son. With Contributions by Miss Amy 
Pascoe, H. H. Hilton, J. H. Taylor, H. 
J. Whigham, and Messrs. Sutton & Sons. 
With 71 Portraits, etc. Large crown 8vo., 
7s. bd. net. 

Lang.—Angling Sketches. By 
Andrew Lang, With 20 Illustrations. 
Crown Svo,, 3s. bd. 

Lillie (Arthur). 
Croquet: its Histor}', Rules and 
Secrets, With 4 Full-page Illustrations 
by LuciEN Davis, 15 Illustrations in the 
Text, and 27 Diagrams. Crown 8vo., 6s. 

Croquet up to Date. Contain
ing the Ideas and Teachings of the 
Leading Players and Champions. With 
ig Illustrations (15 Portraits), and numer
ous Diagrams. Svo., los. bd. net. 

Longman.—Chess Openings. By 
Frederick W . Longman. Fcp. Svo., 2s. bd. 

Madden.—The Diary of Master 
William Silence ; a Study of Shakespeare 
and of Elizabethan Sport, By the Right 
Hon. D. H. Madden, Vice-Chancellor of the 
University of Dublin. Svo., i6s. 

Maskelyne.—Sharps and Flats : a 
Complete Revelation of the Secrets of 
Cheating at Games of Chance and Skill. By 
John Nevil Maskelyne, of the Egyptian 
Hall. With 62 Illustrations. Crown 8vo., 6s. 

Moffat.—CricketvCricket: Rhymes 
and Parodies. By Douglas Moffat, with 
Frontispiece by the late Sir Frank Lock-
wood, and 53 Illustrations by the Author. 
Crown Svo, 2s. bd. 

Park.—The Game of Golf. By William Park, Jun., Champion Golfer, 1887-89. With 17 Plates and 26 Illustrations in the Text, Crown Svo., 7s. bd. 
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Sport and Pastime 

Payne-Gallwey (Sir Ralph, Bart.). 

Letters to Young Shooters (First | 
Series). On the Choice and use of a Gun ; 
With 41 Illustrations. Crown Svo., 7s. bd. \ 

Letters TO Young SHOOTERS{^econ& I 
Series). On the Production, Preservation, 
and Killing of Game. With Directions | 
in Shooting Wood-Pigeons and Breaking-
in Retrievers. With Portrait and 103 
Illustrations. Crown Svo., 12s. bd, ! 

Letters to Young Shooters. -
(Third Series.) Comprising a Short , 
Natural History of the Wildfowl that 
are Rare or Common to the British 
Islands, with complete directions in 
Shooting Wildfowl 

-continued. 

Proctor.—How to Play Whist: 
WITH THE Laws and Etiquette op 
Whist, By Richard A. Proctor. 
Svo., 3s. bd. 

Crown 

on the Coast and 
Inland. With 200 Illustrations. Crown 
8vo., rSs. 

Pole—The Theory of the Modern 
Scientific Game of Whist, By William 
Pole, F.R.S. Fcp. Svo., 2s. bd. 

Ribblesdale.—Z>/iJ Queen's H o u n d s 
AND StaG-HUATING RECOLLECTIONS, By 
Lord Ribblesdale, Master of the Buck-
hounds, iSg2-g5. With Introductory 
Chapter on the Hereditary Mastership by 
E. Burrows. With 24 Plates and 35 Illus
trations in the Text. Svo., 25s. 

Ronalds.—The Fly-Fisher's Ento
mology. By Alfred Ronalds. With 20 
coloured Plates. 8vo., 14s. 

Wilcocks.—The Sea Fisherman: 
Comprising the Chief Methods of Hook and 
Line Fishing in the British and other Seas, 
and Remarks on Nets, Boats, and Boating. 
By J. C. Wilcocks. Illustrated. Cr.8vo.,6s. 

Mental, Moral, and 

LOGIC, RHETORIC, 

Abbott.—The Elements of Logic. 
By T. K. Abbott, B.D. i2rao., 3s. 

Aristotle. 
T h e Ethics: Greek Text, Illustrated 
with Essay and Notes. By Sir Alexan
der Grant, Bart. 2 vols. Svo., 32s. 

An Introduction to Aristotle's 
Ethics. Books I.-IV. (Book X. c.vi.-ix. 
in an Appendix). With a continuous 
Analysis and Notes. By the Rev. E. 
Moore, D.D. Crown Svo. los. bd. 

Bacon (Francis). 
Complete Works. Edited by R. L. 
Ellis, James Spedding and D. D. 
Heath. 7 vols. Svo., £3 13s. bd. 

Letters and Life, including all his 
occasional Works. Edited by James 
Spedding. 7 vols. Svo., £s, 4s. 

7>7.E-£'5-5̂ K5'.-with Annotations. By 
Richard Whately, D.D. Svo., los. bd. 

The Essays: with Notes. By F. 
Storr and C. H. Gibson. Cr. Svo, 3s. bd. 

T h e Essays: with Introduction, 
Notes, and Index. By E. A. Abbott, D.D. 
2 Vols. Fcp. Svo., 6s. The Text and Index only, without Introduction and Notes, in One Volume. Fcp. Svo., 2s. bd. 

Political Philosophy. 

PSYCHOLOGY, S-C. 

Bain (Alexander). 
Mental and Moral Science : a 
Compendium of Psychology and Ethics. 
Crown 8vo., ros, bd. 

Or separatel}̂  
Part I, Psychology and History of 
Philosophy. Crown Svo,, 6s. bd. 

Part II. Theory of Ethics and E thical 
Systems. Crown Svo., 4s. bd. 

Senses AND theIntellect, Svo.,155. 
Emotions AND the Will. Svo., 155. 
Logic. Pavtl. Deduction, Crown 
Svo., 4s. Part II. Induction, Crown 
Svo., 6s. bd. 

Practical Essays, Cr. Svo.,2s, 
Bray.—The Philosophy of Neces

sity: or. Law in Mind as in Matter. By 
Charles Bray. Crown Svo., 5s. 

Crozier (John Beattie), 
Civilisation AND Progress : being 
the Outlines of a New System of Political, 
Religious and Social Philosophy. Svo.,14s. 

History of Intellectual De
velopment -• on the Lines of Modern 
Evolution. Vol. I, Greek and Hindoo Thought; Grasco-Roman Paganism ; Judaism ; and Christianity down to the Closing of the Schools of Athens by Justinian, 52g A,u. 8vo,, 14s. 
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Mental, Moral and Political ^hWo'ioyihy—continued. 

LOGIC, RHETORIC, PSYCHOLOGY, A'C. 
Davidson.—r//.B Logic of Defini- Killick.—^^^z^^ooa-
Tio.w Explained and Applied. By William 
L. Davidson, M..̂  Crown Svo,, 6s. 

Green (Thomas Hill).—The Works 
OF. Edited by R. L. Nettleship. 

\'ols. I, and II. Philosophical Works. 8vo., 
i6s. each. 

Vol. HI. Miscellanies. With Index to the | 
three Volumes, and Memoir. Svo,, 21s. 1 

Lectures on the Principles of \ 
PoUTic.-iL Obligation. With Preface \ 

• by Bern.\rd Bosanquet. Svo., 5s, j 
Gumhill.— The Morals of Suicide. • 
By the Rev. J. Gurnhill, B.A. Crown j 
Svo., 6s. 1 

Hodgson (Shadworth H.) 
Time a.xd Space: A Metaphysical 
Essay. Svo., r6s. 

The Theory of Practice: an 
Ethical Inquiry. 2 vols. Svo., 24s. 

The Philosophy of Reflection. 
2 vols. Svo., 21$. 

The Metaphysic of Experience. 
Book I. General Analysis of Experience ; 
Book II. Positive Science; Book III. 
Analysis of Conscious Action ; Book IV. 
The Real Universe. 4 vols. Svo., 36s. net. 

Hume.—The Philosophical Works 
OF David Hume, Edited by T. H. Green 
and T. H. Grose. 4 vols. Svo., 28s. Or 
separately. Essays. 2 vols. 14s. Treatise 
OF Human N.ature. 2 vols. 14s. 

James.— 2^^ Will to Believe, a.n& 
Other Essays in Popular Philosophy. By 
William J.̂ .mes, M.D., LL.D., etc. Crown 
Svo., 7s. bd. 

Justinian.— The Institutes of 
Justinian : Latin Text, chiefly that of 
Huschke, with English Introduction, Trans
lation, Notes, and Summary. By Thomas 
C. Sandars, M.A. Svo., iSs. 

K a n t (Im-manuel). 
Critique of Practical Reason, 
and Other Works on the Theory op 
Ethics. Translated by T. K. Abbott, 
B.D. With Memoir. 8vo., 12s. bd. 

Fundamental Principles of the 
Metaphysic of Ethics. Translated by T, K. Abbott, B.D. Crown bvo, 3s. Introduction to Logic, and his Essay on the Mistaken Subtilty of the Four Figures.. Translated by T. K. Abbott, 8vo., 6s. Kelly.— Government or Human Evolution. — Justice. By Edmond Kelly, M.A,, F.G.S, Cr, Svo., 7s. bd. net. 

TO Mill's 
System of Logic. By Rev. A. H. 
Killick, M.A. Crown 8vo., 3s. bd. 

Ladd (George Trumbull). 
A Theory of Reality: an Essay 
in Metaphysical System upon the Basis of 
Human Cognitive Experience. Svo., i8s. 

Elements of Physiological Psy
chology. Svo., 21S. 

Outlines of Descriptive Psycho
logy: a Text-Book of Mental Science for 
Colleges and Normal Schools. Svo., 12s. 

Outlines of Physiological Psy
chology. Svo., I2S. 

Pri.mer of Psychology. Cr. Svo., 
5s. bd, 

Lecky.—The Map of Life : Con-
j duct and Character. By William Edward 
I Hartpole Lecky. Svo., ios. bd, 
j Lutoslawski.—The Origin and 
I Growth of Plato's Logic, With an 

Account of Plato's Style and of the Chrono
logy of his Writings. By Wincenty 
Lutoslawski. Svo., 21s. 

Max Miiller (F.). 
The Science of Thought. Svo., 
21S. 

The Six Systems of Indian Phil
osophy. Svo., iSs. 

Mill.—A.vALYSis of the Phenomena 
OF the Human Mind. By James Mill. 
2 vols. Svo., 28s. 

Mill (John Stuart). 
A System of Logic. Cr. Svo., 35. 6d. 
On Liberty. Crown Svo., is. ̂ d. 
Considerations on Representa
tive Government. Crown Svo., 2s, 

Utilitarianism. Svo., us. 6d. 
Examination of Sir William 
Hamilton's Philosophy. Svo,, i6s. 

Nature, the Utility of Religion, 
AND Theism. Three Essays. Svo., 5s, 

Mo nek.—An Introduction to 
Logic. V>y William Henry S, Monck, 
M.A. Crown Svo,, 5s, 

Romanes.—Mind and Motion and 
Monism. By GEoiyiE John Romanes, 
LL.D., F.R.S. Cr. 8vo., 4s. bd. Stock.—Lectures in the Lyceum ; or, Aristotle's Ethics for English Readers. Edited by St. George Stock. Crown Svo., 7s. bd. 
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Sully (James). 
The Human Mind : a Text-book of 

Psychology. 2 vols. Svo,, 21s, 
Outlines of Psychology., Crown 

8vo,, gs. 
The Teacher's Handbook Of Psy

chology. Crown 8vo,, 6s. bd. 
Studies of Childhood. Svo., 

IOS. bd. 
Children's Wa ys : being Selections 

from the Author's ' Studies of Childhood '. 
With 25 Illustrations. Crown Svo., 4s. bd. 

Sutherland. — The Origin and 
Growth of the Moral Instinct. By 
Alexander Sutherland, M.A. 2 vols. 
Svo, 2Ss. 

Swinburne. — Picture Logic : an 
Attempt to Popularise the Science of 
Reasoning. By Alfred James Swinburne, 
M.A. With 23 Woodcuts. Cr. Svo., 2S. bd, 

Webb.—The Veil of Is is : a Series 
of Essays on Idealism. By Thomas E. 
Webb, LL.D., Q.C. Svo., los. bd. 

Weber.—History of Philosophy. 
By Alfred Weber, Professor in the Uni
versity of Strasburg. Translated by Frank 
Thilly, Ph.p. Svo., r6s, 

Whately (Archbishop), 
Bacon's Essays. With Annotations. 
Svo,, ios. bd. 

Elements of Logic. Cr. Svo., 45. 6d. 
Elements of Rhetoric. Cr. Svo., 
4s. bd, 

Zeller (Dr. Edward). 
The Stoics, Epicureans, and 
Sceptics. I'ranslated by the Rev. 0. J. 
Reichel, M.A. Crown Svo., 15s. 

Outlines of the History of 
Greek Philosophy. Translated by 
Sarah F. Alleyne and Evelyn Abbott, 
M.A., LL.D. Crown 8vo., ios. bd. 

Plato and the Older Academy. 
Translated by Sarah F. Alleyne and 
Alfred Goodwin, B.A. Crown Svo., 
iSs. 

Socrates and the Socratic 
Schools. Translated by the Rev. 0. 
J. Reichel, M.A. Crown Svo,, los. bd. 

Aristotle AND the Earlier Peri
patetics. Translated by B. F, C, Cos-
telloe, M,A., and J. H. Muirhead, 
M.A. 2 vols. Crown Svo., 24s. 

MANUALS OF CATHOLIC PHILOSOPHY. 
(Stonyhurst Series.) 

A Manual of Political Economy. 
By C. S. Devas, M.A. Crown Svo., 5s. bd. 

First Principles of Knowledge. 
By John Rickaby, S.J. Crown Svo., 5s. 

General Metaphysics, By John 
Rickaby, S.J. Crown 8vo., 5s. 

Logic, By Richard F. Clarke, S.J. 
Crown Svo., 5s. 

Moral Philosophy {Ethics and 
Natural Law), By Joseph Rickaby, S.J. 
Crown 8vo., 5s. 

Natural Theology. By Bernard 
Boedder, S.J. Crown 8vo., 6s. bd. 

Psychology. By Michael Maher, 
S.J, Crown Svo., 6s. bd. 

History and Science of Language, &e. 
Davidson.—Ẑ ẑ̂ /iVG and Import
ant English Words : Explained and Ex
emplified. By William L. Davidson, 
M.A. Fcp. 8vo., 3s. bd, 

Farrar.—Language and Languages. 
By F. W. Farrar, D.D., Dean of Canter
bury. Crown 8vo., 6s. 

Graham. — English Synonyms, 
Classified and Explained: with Practical 
Exercises. By G. F. Graham. Fcp. Svo., 6s. 

M a x Muller (F.). 
The Science of Language,—Found
ed on Lectures delivered at the Royal In
stitution in i85i and 1863. 2 vols. Crown 
Svo., IOS. 

Biographies of JVords, and the 
Home of the Aryas. Crown Svo., gs. 

Roget. — Ti-iESA URus o F Engl ish 
Words and Phrases. Classified and 
Arranged so as to Facilitate the Expression 
of Ideas and assist in Literary Composition. 
By Peter Mark Roget, M.D., F.R.S. 
With full Index. Crown Svo., ros, bd, Whately.—English Synonyms, By E. Jane Whately. Fcp. Svo., 3s, 
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Political Economy and Economies. 
Ashley.—English Eco.xomic His- \ Mill—Political Eco.vo.vy. By 
TO.'̂ y .i.VD Theory. Bv W. J. .-Vshley, ! 
M.A. Cr. Svo.. Part I., 5s. Pan II., ios, bd, 

Bagehot.—-C'co.vo.v/c Studies. By 
Walter B.\gehot. Crown Svo,, 3s, bd. '' 

Brassey.—Papers and Addresses 
ox Work a.xd Wages. By Lord Brassey. 
Edited by J. Potter, and with Introduction 
by George Howell. Crown Svo., 5s. 

Channing.—The Truth about 
.iGRICULTURAL Defressiox; an Econo
mic Study of the EWdence of the Royal 
Commission. By Francis -Allston Ch.an-
NING, M. P., One of the Commission. Crown 
Svo., 6s. 

Devas.—A Ma.vual of Political 
Ecoxo.vy. By C. S. Devas, M.-\. Cr. Svo., 
6s. 6</. {Manuals of Catholic Philosophy.) ' 

Jordan.—The Sta-vdard of Value. 
By William Leighton Jordan. Cr.Svo.,6s. 

Leslie.—Essays o.v Political Eco
nomy. By T. E. Cliffe Leslie, Hon. 
LL.D., Dubl. Svo., ios. bd, 

Macleod (Henry Dunning). 
EcoNo.yrics for Beci.v.vers, Crown 
Svo., 25. 

The Elements of Economics. 2 
vols. Crown Svo., 3s. bd. each. 

Bimetalism. Svo., 55. net. 
The Elements of Banking. Cr. 
Svo., 3s. bd. 

The Theory a.xd Practice of 
Baxkixg. Vol. I. Svo., I2S. Vol. II. 14s, 

The Theory of Credit. Svo. 
In I Vol., 30s. net; or separately. Vol, 
I., IOS. net. Vol. II., Part I., ios. net. 
Vol II., Part II. IOS. net. 

John Stuart Mill. 
Popular Edition. Crown Svo., 3s. bd. 
Library Edition, 2 vols. Svo., 30s. 

Mulhall.—Industries and Wealth 
OF Nations. By Michael G. Mulhall, 
F.S.S. With 32 Diagrams. Cr. Svo., 8s. bd. 

Stephens.—Higher Life for JJ^ork-
i.w: People : its Hindrances Discussed. An 
attempt to solve some pressing Social Pro
blems, without injustice to Capital or 
Labour. By \\'. W.\lker Stephens. Cr. 
Svo., 3s. bd. 

Symes.—Political Economy. With 
a Supplementary Chapter on Socialism, By 
J. E. Symes, M.A. Crown 8vo., 2s. bd, 

Toynbee.—Lectures on the In
dustrial Revolution of the 18th Cen
tury IN England, By Arnold Toynbee. 
With a Memoir of the Author by Benjamin 
Jowett, D.D. 8vo., ios. bd, 

Webb (Sidney and Beatrice). 
The History of Trade Unionism. 
With Map and full Bibliography of the 
Subject. 8vo,, i8s. 

Industrial Democracy : a Study 
in Trade Unionism. 2 vols. Svo., 25s. net. 

Problems of Modern Industry : 
Essays. Svo., 7s. bd. 

Wright.—Outline of Practical 
Sociology. With Special Reference to 
American Conditions. By Carroll D. 
Wright, LL.D. With 12 Maps and 
Diagrams. Crown Svo., gs. 

Evolution, Anthropology, &e. 
Clodd (Edward) 
The Story of Creation: a Plain 
Account of Evolution. With 77 Illustra
tions. Crown Svo., 3s. bd. 

A Primer of Evolution: being a 
Popular Abridged Edition of ' The Story 
of Creation'. With Illustrations. Fcp. 
Svo., IS. bd. 

'Lang (Andrew). 
Custom and Myth: Studies 
Early Usage and Belief. With 
Illustrations. Crown 8vo., 3s. bd. 

Myth, Ritual, and Religion. 
vols. Crown Svo., 7s. 

Modern Mythology : a. Reply 
Professor -Max Miiller. Svo., gs. 

Lubbock.— The Origin of Civilisa
tion, and the Primitive Condition of Man. By Sir J. Lubbock, Bart., M.P. (Lord Avebury). With 5 Plates and 20 Illustrations. 8vo., iSs. 

of! 
15' 

to 

Romanes (George John). 
Darwin, and after Darwin: an 

Exposition of the Darwinian Theory, and a 
Discussion on Post-Darwinian Questions. 
Part I. The Darwinian Theory. With 
Portrait of Darwin and 125 Illustrations. 
Crown 8vo., ios. bd. 

Part II. Post-Darwinian Questions : 
Heredity and Utility. With Portrait of 
the Author and 5 Illustrations. Cr. Svo., 
ios. bd. 

Part III. Post-Darwinian Questions: 
Isolation and Physiological Selection. 
Crown Svo., 5s. 

An Examination of 
ISM. Crown Svo., 6s. 

Weismann-

E s s a ys. Edited by C. Lloyd 
Morgan, Principal of University College, 
Bristol. Crown 8vo., 6s. 
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Classical Literature, Translations, & e. 

Abbott.—Hellenica. A Collection 
of Essays on Greek Poetry, Philosophy, 
History, and Religion, Edited by Evelyn 
Abbott, M.A., LL.D. Crown Svo., 7s. bd. 

iEschylus.—EuMENiDEs of jEschy-
LUS. With Metrical English Translation. 
By J. F. Davies. Svo., 7s. 

Aristophanes. — The Acharnians 
OF Aristophanes, translated into English 
Verse. By R. Y. Tyrrell, CrownSvo., is. 

Aristotle.— Youth and Old Age, 
Life and Death, and Respiration. 
Translated, with Introduction and Notes, 
by W . Ogle, M.A., M.D. Svo., 7s. bd. 

Becker (W. A.), Translated by the 
Rev. F. Metcalfe, B.D. 
Gallus : or, Roman Scenes in the 
Time of Augustus. With Notes and Ex
cursuses. With 26 Illustrations. Crown 
Svo., 3s. bd. 

Charicles : or, Illustrations of the 
Private Life of the Ancient Greeks. 
With Notes and Excursuses. With 26 
Illustrations. Crown Svo., 3s. bd. 

Butler.— The Authoress of the 
Odyssey, where and when She wrote, 
who She was, the Use She made of 
•iHE Iliad, and how the Poem grew 
under Her hands. By Samuel Butler, 
Author of 'Erewhon,' etc. With 14 Illus
trations and 4 Maps. Svo., ios. bd. 

Campbell.—Religion in Greek Li
terature. By the Rev. Lewis Campbell, 
M.A,, LL,D., Emeritus Professor of Greek, 
University of St. Andrews. Svo,, 15s. 

Cicero.'—Cicero's Correspondence. 
By R. Y, Tyrrell, Vols, I., II,, HI., 8vo., 
each I2S. Vol. IV., 15s. Vol. V,, 14s. 
Vol. VI., I2S. 

Hime.—Lucian, the Syrian Sa
tirist. By Lieut.-Col. Henry W . L. Hime, 
(late) Royal Artillery. Svo., 5s. net. 
Contents.—I. Life of Lucian—2. Classification of 

Lucian's Works—3. Tlie Limits of Satire—4, Lucian's 
Philosophy and Religion—5. Characteristics. Ap
pendix : Lucian's Knowledge of Latin. 
Homer. 
'J'HE Iliad of Homer. Rendered into English Prose for the use of those who cannot read the original. By Samuel Butler, Author of ' Erewhon,' etc. Crown 8vo., 7s. bd. The Odyssey of Homer. Done into English Verse. By WiLliam Morris. Crown Svo., 6s. 

Horace.—The Works of Horace, 
rendered into English Prose. With 
Life, Introduction and Notes. By William 
Coutts, M.A. Crown Svo., 5s. net. 

Lang.—Homer and the Epic. By 
Andrew Lang. Crown Svo., gs. net. 

Lucan.— The Pharsalia of Lucan. 
Translated into Blank Verse, By Sir 
Edward Ridley. Svo., 14s. 

Mackail.—Select Epigrams from 
THE Greek Anthology. By J. W. Mac
kail. Edited with a Revised Text, Intro
duction, Translation, and Notes. Svo., i6s. 

Rich.—A Dictionary of Roman and 
Greek Antiquities. By A. Rich, B.A. 
With 2000 Woodcuts. Crown Svo., 6s. net. 

Sophocles.—Translated into English 
Verse. By Robert Whitelaw, M.A., 
Assistant Master in Rugby School. Cr. Svo., 
8s. bd. 

Tyrrell. — Dublin Translations 
INTO Greek and Latin Verse. Edited 
by R. Y. Tyrrell. 8vo., 6s. 

Virgil. 
T he ALneid of Virgil. Translated 
into English Verse by John Conington. 
Crown Svo., 6s. 

The Poems of Virgil. Translated 
into English Prose by John Conington. 
Crown Svo., 6s, 

The AiNEiDS of Virgil. Done into 
English Verse. By William Morris. 
Crown 8vo,, 6s. 

The AiNEiD of Virgil, freely trans-
• lated into English Blank Verse. By 

W . J. Thornhill. Crown Svo,, 6s. net. 
The ALneid of Virgil. Translated 

into English Verse by James Rhoades. 
Books I,-VI, Crown Svo., 5s. 
Books VIL-XII, Crown Svo., 5s. 

The Eclogues and Georgics of 
Virgil. Translated into English Prose 
by J. W . Mackail, Fellow of Balliol 
College, Oxford, i6mo,, 5s, 

Wilkins.—The Growth of the 
Homeric Poems. By G. Wilkins. Svo.,6s. 
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Poetry and the Drama 

Armstrong (G. F. Sav.age). 

POE.MS : Lyrical and Dramatic. Fcp. 
Svo., 6s, 

King Sa ul. (The Tragedy of I srael, 
Part I.) Fcp. Svo., 5s. 

K/NG Da vid. (The Tragedy of Israel, 
Part II.) Fcp, Svo., 6s. 

King Solo.vo.v. (The Tragedy of 
Israel, Part III,) F"cp, Svo,, 6s. 

Ugone : a Tragedy. Fcp. 8vo., 65. 

A Garland from Greece : Poems. 
Fcp. 8vo., 7s. bd. 

Stories OF WiCKLOW: Poems. Fcp. 
Svo., 7s, bd. 

Mephistopheles in Broadcloth.: 
a Satire. Fcp. 8vo., 4s. 

One in the Ix finite : a Poem. 
Crown Svo.. 7s. bd. 

Armstrong.—The Poetical Works 
OF Edmund J. Armstrong. Fcp. Svo., 5s. 

Arnold.— The Light of the World : 
or. The Great Consummation. By Sir 
Edwin Arnold. With 14 Illustrations 
after Holman Hunt. Crown 8vo., 6s. 

Barraud. — The Lay of the\ 
Kxights. By the Rev. C. W . Barraud, \ 
S.J., Author of ' St. Thomas of Canterbury, 
and other Poems '- Crown Svo., 4-S. 

Bell (Mrs. Hugh), 

Chamber Comedies : a Collection 
of Plays and Monologues for the Drawing 
Room. Crown Svo., 6s 

Fairy Tale Plays, and How to 
Act Them. With gi Diagrams and 52 
Illustrations. Crown Svo., 3s. bd. 

Coleridge.—^elections from. 
With Introduction by Andrew Lang. 
With 18 Illustrations by Patten Wilson. 
Crown 8vo., 3s. bd. 

Goethe.— The First Part of the 
TR.iGEDY OF Faust in English. By 
Thos. E. Webb, LL.D., sometime Fellow 
of Trinity College; Professor of Moral 
Philosophy in the University of Dublin, 
etc. New and Cheaper Edition, with The 
Death OF Faust, from the Second Part. 
Crown 8vo., 5s. 

Gore-Booth.—Poems. By Eva 
Gore-Booth. Fcp. Svo., 5s. 

Ingeiow (Jean). 
Poetical IVorks. Complete in 

One Volume. Crown 8vo., 6s. net. 
Lyrical and other Poems. Selec

ted from the Writings of Jean Ingelow. 
Fcp. Svo., 2s. bd. cloth plain, 3s. cloth gilt. 

Lang (Andrew). 
Grass of Parnassus. Fcp. Svo., 
2s. bd. net. 

The Blue Poetry Book. Edited 
by Andrew Lang. With 100 Illustrations. 
Crown Svo., 6s. 

Layard and Corder.—Songs in 
Many Moods. By Nina F. Layard ; The 
Wandering Albatross, etc. By Annie 
Corder. In One Volume. Crown Svo., 5s. 

Lecky.—Poems. By the Right Hon. 
W. E. H. Lecky. Fcp. Svo., 5s, 

L3rtton (The Earl of), (Owen 
Meredith), 

The Wanderer. Cr. 8vo., ios. 6d. 

LuciLE. Crown 8vo., ios. 6d. 

Selected Poems. Cr. 8vo., 105. 6d. 

Macaulay.—La ys of Ancient Rome, 
WITH 'IVRY' AND 'THE ArMADa'. By 
Lord Macaulay. 
Illustrated by G. Scharf. Fcp. 4to., los. bd. 

. Bijou Edition. 
iSmo., 2s. bd. gilt top. 

Popular Edition. 
Fcp. 4to., bd. sewed, is. cloth. 

Illustrated by J. R. Weguelin. Crown 
Svo., 3s. bd. Annotated Edition. Fcp, Svo,, is, sewed, IS. bd. cloth. 
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MacDonald (George, LL.D.). 
A Book of Strife, in the Form of 
THE Diary of an Old Soul : Poems. 
i8mo,, 6s. 

Rampolli : Growths FROM A Long-
Planted Root: being Translations, New 
and Old (mainly in verse), chiefly irom the 
German; along with ' A Year's Diary of 
an Old Soul'. Crown Svo,, 6s, 

Moffat.—CricketyCricket: Rhymes 
and Parodies. By Douglas Moffat. 
With Frontispiece by the late Sir Frank 
LocKwooD, and 53 Illustrations by the 
Author. Crown Svo, 2s. bd. 

Moon.—Poems of Love and Home, 
etc. By George Washington Moon, 
Hon, F.R.S.L., Author of ' Elijah,' etc. 
i6mo., 2s, bd. 

Morris (William). 
POETICAL WORKS—Library Edition. 
The Earthly Paradise. 4 vols. 
Crown Svo., 5s. net each. 

The Life and Dea th of Jason. 
Crown Svo., 5s. net. 

The Defence of Guenevere, and 
other Poems. Crown Svo., 5s. net. 

' The Story OF Sigurd the Volsung, 
AND The Fall op the Niblungs. Cr, 
Svo,, 5s, net. 

Poems BY the Way, and Love is 
Enough. Crown Svo., 5s. net. 
The Odyssey of Homer. Done 
into English Verse. Crown Svo., 5s. net. 

The ALneids of Virgil. Done 
into English Verse. Crown 8vo., 5s. net. 

The Tale of Beowulf, sometime 
King of the Folk of the Wedergba ts. 
Translated by William Morris and A. 
J. Wyatt. Crown Svo,, 5s, net. 

Certain of the Poetical Works may also be 
had in the following Editions :— 

The Earthly Paradise. 
Popular Edition. 5 vols. i2mo,, 25s.; 
or 5s. each, sold separately. 

The same in Ten Parts, 25s.; or 2S. bd. 
each, sold separately. 

Cheap Edition, in i vol. Crown Svo., 
6s. net. 

Poems by the Wa y. Square crown 
Svo., 6s. 

*„* For Mr. William Morris's Prose Works, see pp. 22 and 31. 

Drama—-continued. 

Nesbit.—Lays and Legends. By E. 
Nesbit (Mrs. Hubert Bland). First 
Series. CrownSvo., 3s. 6d. Second Series. 
With Portrait. Crown Svo., 5s. 

Riley (James Whitcomb). 
Old Fashioned Roses: Poenis. 
i2mo., 5s. 
The Golden Year. From the 
Veise and Prose of James Whitcomb 
Riley. Compiled by Clara E. Liugh-
lin. Fcp. Svo., 5s. 

Romanes.—A Selection from the 
Poems of George John Romanes, M.A., 
LL.D., F.R.S. With an Introduction by 
T. Herbert Warren, President of Mag
dalen College, Oxford. Crown Svo., 4s. bd. 

Russell.—Sonnets on the Sonnet : 
an Anthology. Compiled by the Rev. 
Matthew Russell, S.J. Crown 8vo., 
3s. bd. 

Samuels.—Shadows, and Other 
Poems. By E. Samuels. With 7 Illus
trations by W. Fitzgerald, M.A. Crown 
Svo., 3s. bd. 

Shakespeare. 
Bowdler's Family Shakespeare. 
With 36 Woodcuts, i vol. Svo., 14s. 
Or in 6 vols. Fcp. Svo., 21s. 

Shakespeare's Sonnets. Recon
sidered, and in part Rearranged, with 
Introductory Chapters and a Reprint of 
the Original i6og Edition, by Samuel 
Butler, Author of 'Erewhon'- 8vo., 
IOS. bd. 

The Sha kespea re Bir thda y Book. 
By Mary F. Dunbar. 32mo., is. bd. 

Wagner.— The Nibelungen Ring. 
Done into English Verse by Reginald 
Rankin, B.A. of the Inner Temple, Bairis-
ter-at-Law. Vol. I. Rhine Gold and Val
kyrie. Fcp. Svo., 4s. bd. 

Wordsworth. — Selected Poems. 
By Andrew Lang. With Photogravure 
Frontispiece of Rydal Mount. With 16 
Illustrations and numerous Initial Letters. 
By Alfred Parsons, A.R.A. Crown Svo., 
gilt edges, 3s. bd. 

Words'worth and Coleridge.—A Description of the Wordsworth and Coleridge Manuscripts in the Possession OF Mr. T. Norton Longman. Edited, with Notes, by W . Hale White. With 3 Facsimile Reproductions. 4to., los. bd. 
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Anstey.— Voces Populi. Reprinted 
from • Punch' By F. Anstey, Author of 
' Vice \̂ ersa". First Series. With 20 Illus
trations by J. Bernard Partridge. Crown 
Svo., 3s. bd. 

Beaconsfield (The Earl of). 
Novels and Tales. Complete 
in II vols. Crown Svo., is. bd. each. 

\"ivian Grey, 
The Young Duke, etc. 
Alroy, Ixion, etc. 
Contarini Fleming, 
etc. 

Tancred. 
Birt.—Castle 

Sybil, 
Henrietta Temple, 
Venetia, 
Coningsby. 
Loth air. 
End>Tnion. 

CzvARGAS: a Ro
mance. Being a Plain Story of the Romantic 
-Adventures of Two Brothers, Told by the 
Younger of Them. Edited by Archibald 
Birt. Crown Svo., 6s. 

'Chola.'—-T? N e w Divinity, and 
other Stories of Hindu Life. By 
* Chola '. Crown Svo.. 2s, bd, 

Churchill.—Savrola : a Tale of the 
Revolution in Laurania. By Winston 
Spencer Churchill. Crown Svo., 6s. 

Diderot.—Rameau's Nephew: a 
Translation from Diderot's Autographic 
Text. By Sylvia Margaret Hill. Crown 
Svo., 3s. bd. 

Dougall.—Beggars All. By L. 
Dougall. Crown 8vo., 3s. bd. 

Doyle (A. Conan). 
Micah Clarke: A Tale of Mon
mouth's Rebellion. With 10 Illustra
tions. Cr. Svo., 3s. bd. 

The Captain of the Polestar, 
and other Tales. Cr. Svo., 3s. bd. 

The Refugees : A Tale of the 
Huguenots. With 25 Illustrations. Cr. 
Svo., 3s. bd. 

The Stark Monro Letters. Cr. 
8vo, 3s. bd. 

Farrar (F, W., Dean of Canter
bury). 

Darkness and Dawn: or, Scenes 
in the Days of Nero. An Historic Tale. 
Cr. 8vo., 6s. net. 

Gathering Clouds : a Tale of the 
Days of St. Chrysostom. Cr. Svo., 6s. net. 

Fo'wler (Edith H.). The Young Pretenders. A Story of Child Life. With 12 Illustrations by Sir Philip Burne-Jones, Bart. Crown 8vo., 6j. The Professor's Children. With 24 Illustrations by Ethel Kate Burgess. Crown Svo., 6s. 

Francis.— Yeo.̂ a.x Fleetwood. By 
M. E. Francis, Author of ' In a North-
country Village,' etc. Crown Svo., 6s, 

FronAc—THE Two Chiefs of Dun-
boy: an Irish Romanceofthe Last Century. 
By James A, Froude, Cr, Svo,, 3s, bd. 

Gurdon.—Memories and Fancies : 
Suffolk Tales and other Stories; Fairy 
Legends ; Poems ; Miscellaneous Articles. 
By the late Lady Camilla Gordon, Author 
of' Suffolk Folk-Lore'. Crown Svo., 5s, 

Haggard (H, Rider). 
Black Heart and White Heart, 
and OTHER Stories. With 33 Illustra
tions. Crown Svo., 6s. 

SwALLOir • a Tale of the Great Trek. 
With 8 Illustrations. Crown Svo., 6s. 

Dr. Therne. Crown Svo., 35. 6d. 
Heart of the World. With 15 
Illustrations. Crown 8vo., 3s. bd. 

foANHaste. With 20 Illustrations. 
Crown Svo., 3s. bd. 

The People of the Mist. With 
16 Illustrations. Crown Svo., 3s. bd., 

Montezuma's Daughter. With 24 
Illustrations. Crown Svo., 3s. bd. 

She. With 32 Illustrations. Crown 
Svo., 3s. bd. 

Allan Quatermain. With 31 
Illustrations. Crown Svo., 3s. bd. 

Maiwa's Revenge. Cr. 8vo., 15. bd. 
Colonel Quaritch, V.C. With 
Frontispiece and Vignette. Cr. 8vo., 3s, bd. 

Cleopatra. With 29 Illustrations. 
Crown Svo., 3s. bd. 

Beatrice. With Frontispiece and 
Vignette. Cr. Svo., 3s. bd. 

Eric Brighteyes. With 51 Illus
trations. Crown Svo., 3s. bd. 

N a d a the Lily. With 23 Illustra
tions. Crown 8vo., 3s, bd. 

Allan's Wife. With 34 Illustra
tions. Crown Svo., 3s, bd. 

The Witch's Head. With 16 
Illustrations, Crown Svo,, 3s. bd. 

Mr. Meeson's Will. With 16 
Illustrations, Crown Svo., 3s. bd. D a w n . With 16 Illustrations. Cr. Svo., 3s. bd. Haggard and Lang.— The World's Desire. By H. Rider Haggard and Andrew Lang, With 27 Illustrations. Crown Svo,, 3s. bd. 
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Harte.—In the Carquinez Woods. 
By Bret Harte, Crown 8vo,, 3s. bd. 

Hope.—The Heart of Princess 1 
OsRA. By Anthony Hope, With g lUus- ] 
trations. Crown Svo,, 3s. bd. • 

Jerome.—Sketches in Lavender: 
Blue and Green. By Jerome K, Jerome, 
Crown Svo,, 3s. bd. 

Joyce.—Old • Celtic Romances. 
Twelve of the most beautiful of the Ancient 
Irish Romairtic Tales. Translated from the 
Gaelic. By.P. W . Joyce, LL.D. Crown 
Svo., 3s. bd. 

Lang.—A Monk of Fife ; a Story 
of the Days of Joan of Arc. By Andrew 
Lang. With 13 Illustrations by Selwyn 
Image. Crown Svo., 3s. bd. 

Levett-Yeats (S.). 

The Chevalier D'AuRiAC. Crown 
Svo., 3s. bd. 

The Heart of.Denise, and other 
Tales. Crown 8vo., 6s. 

Lyall (Edna). 

The a utobiography of a Slander. 
Fcp. Svo., is., sewed. 
Presentation Edition. With 20 Illustra
tions by Lancelot Speed. Crown 
8vo., 2s. bd. net. 

The Autobiography of a Truth. 
Fcp. Svo., IS., sewed; is. bd., cloth. 

DoREEN, The Story of a Singer. 
Crown Svo., bs. 

Wayfaring Men. Crown 8vo., 65. 
Hope the Hermit : a Romance of 

Borrowdale. Crown Svo., 6s. 

Mason and Lang.—Parson Kelly. 
By A. E. W . Mason and Andrew Lang. 
Crown Svo., 6s. 

Max Muller. — Deutsche Liebe 
(German Love) : Fragments from the 
Papers of an Alien. Collected by F. Max 
MiJLLER. Translated from the German by 
G. A. M, Crown Svo., 5s. 

Melville (G. J. Whyte). 

The Gladiators. 
The Interpreter. 
Good for Nothing. 
The Queen's Maries. 

Holmby House. 
Kate Coventry. 
Digby Grand. 
General Bounce. Crown Svo., is. bd. each. 

Merriman.—Flotsam • A Story of 
the Indian Mutiny. By Henry Seton 
Merriman. Crown Svo., 3s. bd. 

Cr. 8vo., 

Morris (William). 

The Sundering Flood. 
js. bd. 

The Water of the Wondrous 
Isles. Crown Svo., 7s. bd. 

The Well a t the World's End. 
2 vols, Svo., 28s. 

The Story of the Glittering 
Plain, which has been also called The 
Land of the Living Men, or The Acre of 
the Undying. Square post Svo., 5s. net. 

. The Roots of the Mountains, 
wherein is told somewhat of the Lives of 
the Men of Burgdale, their Friends, their 
Neighbours, their Foemen, and their 
Fellows-in-Arms. Written in Prose and 
Verse. Square crown Svo., Ss. 

A Tale of the House of the 
Wolfings, and all the Kindreds of the 
Mark. Written in Prose and Verse. 
Square crown Svo., 5s. 

A Dream of John Ball, and a 
King's Lesson, i2mo., is. bd. 

News from Nowhere ; or, An 
Epoch of Rest. Being some Chapters 
from an Utopian Romance. Post Svo., 
IS. bd. 

The Story of Grettir the Strong, 
Translated from the Icelandic by Eirikr 
Magnusson and William Morris. Cr. 
Svo., 5s. net. 
*,,* For Mr. William Morris's Poetical 

Works, see p. 20. 
Newman (Cardinal). 
Loss AND Gain : The Story of a 

Convert. Crown Svo. Cabinet Edition, 
6s. J Popular Edition, 3s. bd, 

Callista : A Tale of the Third Century, Crown Svo. Cabinet Edition 6s,; Popular Edition, 3s, 6rf. 
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Phillipps-Wolley.—̂ •-v.̂ /'.- a Legend 
of the Lone Mountain. By C. Phillipps-
Wollev. With 13 Illustrations. Crown 
Svo., 3s. bd. 

Raymond (Walter). 
Tro M e n o' Mexdip. Cr. S\o., 6s. 
No Soul Above Moxey, Cr. Svo.,65. 

Reader.—Priestess and Queen: 
a Tale of the White Race of Mexico ; being 
the Adventures of Ignigene and her Twenty-
six Fair Maidens. Bv Emily E. Re.vdbr. 
Illustrated by Emily 'K, Reader. Crown 
Svo., 6s. 

Sewell (Elizabeth M.i. 
.\ Glimpse of the World Amy Herbert 
Laneton Parsonage. Cleve Hall. 
Margaret Percival. Gertrude. 
Katharine Ashton, Home Life. 
The Earl's Daughter. After Life, 
The Experience of Life Ursula. Ivors. 
Cr. Svo., IS. bd. each cloth plain. 2S. •6(i. 
each cloth extra, gilt edges. 

Somerville and Ross.—Some Ex
periences OF AX Irish R.M. By E. CE. 
Somerville and Martin Ross. With 
31 Illustrations by E. CE. Somerville. 
Crown Svo., 6s. 

Stebbing. — Probable Tales. 
Edited by Willia.m Stebbing. Crown 
8vo., 4s. bd. 

Stevenson (Robert Louis). 
The Strange Case of Dr. Jekyll 
and Mr. Hyde. Fcp. 8vo., is. sewed. 
IS. bd. cloth. 

The Strange Case of Dr. 
Jekyll and Mr. Hyde; with other 
Fables. Crown Svo., 3s. bd. 

More New Arabian Nights—The 
Dya'amiter. By Robert Louis Steven
son and Fanny van de Grift Steven
son. Crown 8vo., 3s. bd. 

The Wrong Box. By Robert 
Louis Stevenson and Lloyd Osbourne. 
Crown 8vo., 3s. bd, 

Suttner.—Lay Down Your Arms 
{Die Waffen Niedcr); The Autobiography 
of Martha von Tilling. By Bertha von Suttner. Translated by T. Holmes, Cr. Svo., is. bd. Taylor. — Early Italian Love-Stories. Taken from the Originals by Una Taylor. With 13 Illustrations by Henry J. Ford. Crown 4to., 15s. net. Trollope (Anthony). The Warden. Cr. 8vo., 15. bd. Barchester Towers. Cr.8vo.,i5.6<f. 

Walford (L. B.). 
Mr. Smith: a Part of his Life. 
Crown Svo., 2s. bd. 

The Baby's Grandmother. Cr. 
Svo., 2s. bd. 

Cousins. Crown 8vo., 2s. 6d. 

Troublesome Daughters. Cr. 
Svo., 2s. bd. 

Pauline. Crown Svo., is. 6d. 

Dick Netherby. Cr. 8vo., is. 6d. 

The History of a Week. Cr. 
Svo. 2s, bd, 

A Stiff-necked Generation. Cr. 
8vo. 2S. bd. 

Nan, and other Stories. Cr. 8vo., 
2s, bd. 

The Mischief of Monica. 
Svo., 2S. bd. 

Cr. 

The One Good Guest. 
2s. bd. 

Cr. 8vo. 

' Ploughed,' and other Stories. 
Crown 8vo., 2s. bd. 

The Matchmaker. Cr. 8vo., is. 6d. 

The Intr uders. C rown Svo., 2s. 6rf. 

LeddyMarcet. Crown Svo., 25. 5rf. 

IvA KiLDARE: a Matrimonial Pro
blem, Crown Svo,, 2s. bd. 

Ward.—One Poor Scruple. By 
Mrs. Wilfrid Ward. Crown Svo., 6s. 

Weyman (Stanley). 
Sophia. With Frontispiece. Crown 
Svo., 6s. 

The House of the Wolf. With 
Frontispiece and Vignette. Crown Svo., 
3s. bd. 

A Gentleman of France. With 
Frontispiece and Vignette. Cr. Svo., 6s. 

The Red Cockade. With Frontis
piece and Vignette. Crown Svo,, 6s. 

Shrewsbury. With 24 Ulustra-
( tions by Claude A. Shepperson. Cr. 

Svo., 6s. 
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P o p u l a r Science (Natural History, &e.). 

Beddard. — The Structure and 
Classification of Birds. By Frank E. 
Beddard, M.A., F.R.S., Prosector and 
Vice-Secretary of the Zoological Society 
of London. With 252 Illustrations. Svo., 
2 IS. net. 

Butler.—Our Household Insects. 
An Account of the Insect-Pests found in 
Dwelling-Houses. By Edward A. Butler, 
B.A., B.Sc. (Lond.). With 113 Illustra
tions, Crown Svo,, 3s, bd. 

Furneaux (W.). 

The Outdoor World; or The 
Young Collector's Handbook. With 18 
Plates (16 of which are coloured), and 54g Illustrations in 
6s, net. 

the Text. Crown Svo., 

Butterflies and Moths (British). 
With 12 coloured Plates and 241 Illus
trations in the Text. Crown Svo., 6s. net. 

Life in Ponds and Streams. 
With S coloured Plates and 331 Illustra
tions in the Text. Crown Svo., 6s.,net. 

Hartwig (Dr. George). 

The Sea and its Living Wonders. 
With 12 Plates and 303 Woodcuts. Svo., 
7s. net. 

The Tropical World. With 8 
Plates and 172 Woodcuts. Svo., 7s. net. 

The Polar World. With 3 Maps, 
S Plates and 85 Woodcuts. Svo., 7s. net. 

The Subterranean World. With 
3 Maps and So Woodcuts. Svo., 7s. net. 

Heroes of the Polar World. With 
ig Illustrations. Cr. Svo., 2s. 

Wonders ofthe Tropical Forests. 
With 40 Illustrations. Cr. Svo., 2s. 

Workers under the GROUND.Y\f\t)i\ 
2g Illustrations. Cr, Svo,, 2s, 

Marvels Over our Heads. With 
2g Illustrations. Cr. Svo., 2s. 

Sea Monsters and Sea Birds. 
With 75 Illustrations, Cr, Svo., 2s, bd. 

Denizens of the Deep. With 117 
Illustrations. Cr. Svo., 2S. bd. 

Hartwig (Dr. George)—continued. 

Volcanoes and Earthquakes, 
With 30 Illustrations, Cr, Svo., is. bd. 

Wild Animals of the Tropics. 
With 66 Illustrations. Cr, Svo,, 3s, bd. 

Helmholtz.—Popular Lectures on 
Scientific Subjects. By Hermann von 
Helmholtz. With 68 Woodcuts. 2 vols. 
Cr. Svo., 3s. bd. each. 

Hudson (W. H.). 

Nature in Downland. With 12 
Plates and 14 Illustrations in the Text by 
A. D. McCoRMiCK. Svo., IOS. bd. net. 

British Birds. With a Chapter 
- on Structure and Classification by Frank 
E. Beddard, F.R.S. With 16 Plates (8 
of which are Coloured), and over 100 Illus
trations in the Text. Cr. Svo., 6s, net. 

Birds IN London. With 17 Plates 
and 15 Illustrations in the Text, by Bryan 
Hook, A, D. McCormick, and from 
Photographs from Nature, by R, B, 
Lodge. Svo,, 12s. 

Proctor (Richard A.). 
Light Science for Leisure Hours. 

Familiar Essays on Scientific Subjects. 
Vol. I. Crown Svo., 3s. bd. 

Ro UGH Wa ys ma de Smoo th. Fami -
liar Essays on Scientific Subjects. Crown 
Svo., 3s. bd. 

Pleasant Ways IN Science. Crown 
Svo., 3s. bd. 

Nature Studies. By R. A. Proc
tor, Grant Allen, A. Wilson, T. 
Foster and E. Clodd. Crown 8vo., 
3s. bd. 

Leisure Readings. By R. A. Proc
tor, E. Clodd, A. Wilson, T, Foster 
and A, C. Ranyard. Cr. Svo,, 3s. bd. 

%* For Mr, Proctor's other books see pp, 13 
and 28, and Messrs, Longmans <&• Co.'s 
Catalogue of Scientific Works, Stanley.-^ Familiar History of 
Birds, By E. Stanley, D.D,, formerly 
Bishop of Norwich, With 160 Illustrations. 
Cr. Svo., 3s, bd. 
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Popular Science (Natural History, &e,)—continued. 
Wood (Rev. J. G.). 

Homes without Hands : A Descrip
tion ofthe Habitations of Animals, classed 
according to the Principle of Construc
tion. \̂'ith 140 Illustrations. Svo., 
7s. net. 

Insects a t Home : A Popular Ac
count of British Insects, their Structure, 
Habits and Transformations, With 700 
Illustrations, Svo., 7s. net. 

Out of Doors; a Selection of 
Original .Articles on Practical Natural 
Histor̂ . With 11 Illustrations, Cr. 8vo., 
3s. bd.' 

StrangeDirELL/.VGS: a Description 
of the Habitations of .Vnimals, abridged 
from ' Homes without Hands'. With 60 
Illustrations. Cr. Svo., 3s. bd. 

33 

W o o d (Rev. j. G.)—continued. 
Petland Revisited. With 
Illustrations. Cr. Svo., 3s. bd. 

Bird Life OF THE Bible. With 32 
Illustrations. Cr. Svo., 3s. bd. 
Wonderful Nests. With 30 Illus
trations. Cr. Svo., 3s. bd. 

Homes under the Ground. With 
28 Illustrations. Cr. Svo., 3s. bd. 
JViLD Animals of the Bible. With 
2g Illustrations. Cr. Svo., 3s. bd. 

Do.mestic Animals of the Bible. 
With 23 Illustrations, Cr. Svo., 3s, bd. 

The Branch Builders. With 28 
Illustrations. Cr, Svo,, 2S. bd. 

Social Habitations and Parasitic 
Nests. With 18 Illustrations. Cr. Svo., 2s. Works of Reference. 

Gwilt.—--i.x Encyclopedia of Ar
chitecture. By Joseph Gwilt, F.S.A. 
With 1700 Engravings. Revised (18SS), 
with Alterations and Considerable Addi
tions by Wyatt Papworth. Svo., 21s. net. 

Maunder (Samuel). 

Biographical Treasury. With 
Supplement brought down to i88g. By 
Rev. J.4MES Wood. Fcp. Svo., 6s. 

Treasury OF Geography, Physical, 
Historical, Descriptive, and Political. 
With 7 Maps and 16 Plates. Fcp. Svo., 6s. 

The Treasury of Bible Know
ledge. By the Rev. J. Ayre, M.A. With 
5 Maps, 15 Plates, and 300 Woodcuts. 
Fcp. Svo., 6s, 

Treasury of Knowledge and Lib
rary OF Reference. Fcp, Svo., 6s. 

Historical Treasury. Fcp. Svo ,65. 

M a u n d e r (Samuel)—continued. 
Scientific and Literary Trea
sury. Fcp. Svo., 6s. 

The Treasury OF Botany. Edited 
by J. Lindlev, F.R.S., and T. Moore, 
F.L.S. With 274 Woodcuts and 20 Steel 
Plates. 2 vols. Fcp. Svo., 12s. 

Roget. — Thesa ur us of English 
Words axd Phrases. Classified and Ar
ranged so as to Facilitate the Expression of 
Ideas and assist in Literary Composition. 
By Peter Mark Roget, M.D,, F.R.S. 
Recomposed throughout, enlarged and im
proved, partly from the Author's Notes, and 
with a full Index, by the Author's Son, 
John Lewis Roget. Crown Svo., ios. bd. 

'VJillich.--PopULAR Tables for giving 
information for ascertaining the value of 
Lifehold, Leasehold, and Church Property, 
the Public Funds, etc. By Charles M. 
Willich. Edited by H. Bence Jones. 
Crown Svo., los, bd. 

Children's Books. 

Buckland.—TwoLittleRunaways. 
Adapted from the French of Louis Des 
NoYERS. By James Buckland. With no 
Illustrations by Cecil Aldin. Cr. Svo., 6s. 

Crake (Rev. A. D.). 
Edwy the Fair, or. The First 
Chronicle of vEscendune. Cr. Svo,, 2s, bd. 

Alegar the Dane ; or, The Second 
Chronicle of ̂ scendune. Cr. Svo. 2s. bd. 

C r a k e (Rev. A, D.)—continued. 
T h e Rival Heirs : being the Third 
and Last Chronicle of jEscendune. Cr. 
Svo., 2s. bd. 

The House OP Walderne. A Tale 
ofthe Cloister and the Forest in the Days 
of the Barons' Wars. Crown Svo., 2s. bd. 

Brian Fitz-Count. A Story of 
Wallingford Castle and Dorchester 
Abbey. Cr. Svo., 2s. bd. 
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Children's Books—continued. 
Henty (G. A.).—Edited by. 

Yule Logs : A Story-Book for Boys. 
By Various Authors. With 6i Illus
trations. Crown Svo., 6s. 

Yule Tide Yarns . a Story-Book 
for Boys. By Various Authors. With 
45 Illustrations. Crown Svo., 6s. 

Lang (Andrew).—Edited by. 

The Blue Fairy Book. With 138 
Illustrations. Crown Svo., 5s. 

The Red Fairy Book. With 100 
Illustrations, Crown Svo., 6s. 

The Green Fairy Book. With gg 
Illustrations. Crown Svo., 6s. 

The Yellow Fairy Book. With 
104 Illustrations. Crown 8vo., 6s. 

The Pink Fairy Book. With 67 
Illustrations. Crown 8vo., 6s. 

The Blue Poetry Book. With 100 
Illustrations. Crown Svo., 6s. 

The Blue Poetry Book. School 
Edition, without Illustrations. Fcp. Svo., 
2s. bd. 

The True Story Book. 'With 66 
Illustrations. Crown 8vo., 6s. 

The Red True Story Book. With 
loo Illustrations. Crown Svo., 6s. 

The Animal Story Book. With 
67 Illustrations. Crown Svo., 6s. 

The Red Book of Animal Stories. 
With 65 Illustrations. Crown Svo., 6s, 

The Arabian Nights Entertain-
MEh TS. With 66 Illustrations. Cr. 8vo., 6s. 

Meade (L. T.). 
Daddy's Boy. With 8 Illustrations. 

Crown Svo., 3s. bd. 
Deb and the Duchess. With 7 

Illustrations. Crown Svo., 3s. bd. 
The Beresford Prize. With 7 
Illustrations. Crown Svo., 3s. bd. 

The House of Surprises. With 6 
Illustrations. Crown Svo. 3s. bd. 

Praeger (Rosamond). 
The Adventures of the Three 
Bold Babes : Hector, Honoria and 
Alisander. a Story in Pictures. With 
24 Coloured Plates and 24 OutUne Pic
tures. Oblong 4to., 3s. bd. 

The Further Doings of the 
Three Bold Babies. With 24 Coloured 
Pictures and 24 Outline Pictures. Oblong 
4to., 3s. bd. 

Stevenson.—A Child's Garden of 
Verses. By Robert Louis Stevenson. 
Fcp. Svo., 5s. 

Upton (Florence K. and Bertha). 
The Adventures of Two Dutch 
Dolls and a 'Golliwogg'. With 31 
Coloured Plates and numerous Illustra
tions in the Text. Oblong 410., 6s. 

2''he Golliwogg's Bicycle Club. 
With 31 Coloured Plates and numerous 
Illustrations in the Text. Oblong 4to., 
6s. 

The Golliwogg at the Seaside. 
With 31 Coloured Plates and numerous 
Illustrations in the Text. Oblong 410., 6s. 

The Golliwogg IN War. With 31 
Coloured Plates. Oblong 4to., 6s. 

The Vege-Men's Revenge. With 
31 Coloured Plates and numerous Illus
trations in the Text. Oblong 4to., 6s. 

T h e Silv^er 
Crown Svo. 3s. bd. 

Arnold's (Sir Edwin) Seas and Lands. With 
71 Illustrations. 3s. 6d. 

Bagehot's (W.) Biographical Studies, y. bd. 
Bagehot's (W.) Economic Studies. 3s. bd. 
Bagehot's (W.) literary Studies. With Portrait. 

3 vols, 3J. 6£̂ . each. 
Baker's (Sir S. W.) Eight Years in Ceylon. 

With 6 Illustrations. 3s. bd. 
Baiter's (Sir S. W.) Rifle and Hound in Ceylon. 

With 6 Illustrations, y. bd. 
Baring-Gould's (Key. S.) Curious Myths of the 

Middle Ages. 3s. bd. 
Baring-Gould's (Rey. S.) Origin and Deyelop-ment of Religious Belief. 2 vols, 3s, 60!. each, Becker's (W. A.) Gallus: or, Roman Scenes in the Time of Augustus. With 26 lUus. 3s. bd. 

Library. 
EACH Volume. 
Becker's (W. A.) Charicles: or, Illustrations of 

the Private Life of the Ancient Greeks. 
With 26 Illustrations. 3̂ . bd. 

Bent's (J. T.) The Ruined Cities of Mashona-
land. With 117 Illustrations. 3s. bd, 

Brassey's (Lady) A Yoyage In the ' Sunbeam'. 
With 65 Illustrations. 3s. bd, 

Churchill's (W. S.) The Story of the Malakand 
Field Force, 1897. With 6 Maps and Plans. 
3s. d̂. 

Olodd's (E.) Story of Creation: a Plain Account 
of Evolution. With 77 Illustrations. 3s. bd. 

Conybeare (Key. W . J.) and Howson's (Yerv Key. J. S.) Life and Epistles of St. Paul. With 46 Illustrations. 3s. bd. Dougall's (L.) Beggars All: a Novel. 3,5. ^d. 
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The Silver Library 
Doyle's (A. Conan) Micah Clarke. A Tale of 

Monmoutn'sRebellion. With 10 Illusts. 3s.6ar. 
Doyle's (A. Conan) The Captain of the Polestar, 

and other Tales. 3s. bd, 
Doyle's (A. Conan) The Refugees: .-̂  Tale of 

the Huguenots. With 25 Illustrations. 3̂ 60'. 
Doyle's (A. Conan) The Stark Hunro Letters. 
Fronde's (J. A.) The History of England, from '. 

the Fall of W'olsey to. the Defeat of the 
Spanish Armada. 12 vols. 3s. bd. each. 

Froude's IJ. A.) The English In Ireland. 3 vols. ] 
IOS, bJ. 

Fronde's iJ. A.) The Divorce of Catherine of I 
Aragon. 31. 6d. 

Froude's iJ. A.I The Spanish Story of the \ 
Armada, and other Essays. 3s. 6d. \ 

Fronde's (i. A.) Short Studies on Great Sub
jects. 4 vols. 3-t. bd. each. 

Froude's (J. A.) Oceana, or England and Her '. 
Colonies. With 9 Illustrations. 3s. bd. 

Froude's (J. A.) The Council of Trent 3s. bd. 
Froude's iJ. A.I The Life and Letters of 

Erasmus. 3̂ . bd. 
Fronde's (J. A.) Thomas Carlyle: a History of 

his Life. 
1795-1835. 2 vols. -s. 1834-1881. 2 vols. 7s. 

Froude's (J. A.) Ceesar: a Sketch. 3J. bd. 
Froude's (J. A.) The Two Chiefs of Dunboy : an 

Irish Romance of the Last Century. 3J. bd. 
Gleig's (Bey. G. R.) Life of the Duke of 

Wellington. With Portrait. 3s. bd. 
Greyllle's (C. C. F.i Journal of the Reigns of 

King George lY., King William lY., and 
Queen Yictoria. 8 vols., 31. bd. each. 

Haggard's (H. R.) She: .\ History of Adventure. 
With 32 Illustrations. 3s. bd. 

Haggard's (H. K.) Allan Quatermain With 
20 Illustrations. 3s. bd. 

Haggard's (H. R.) Colonel Quaritch, V.C. a 
Tale of Country Life. With Frontispiece 
and Vignette, y. bd. 

HcLggard's (H. R.) Cleopatra. With 29 Illustra
tions.* 3s. bd. 

Haggard's (H. K.) Eric Brighteyes. With 51 
Illustrations. 3s. bd. 

Haggard's (H. R.) Beatrice. With Frontispiece 
and Vignette, 3s. bd. 

Haggard's (H. R.) Allan's Wife. With 34 Illus
trations. 3s. 6d, 

Haggard (H. B.) Heart of the World. With IS Illustrations. 3s, bd. Haggard's (H. R.) Montezuma's Daughter. With 25 Illustrations. 3J. bd. Haggard's (H. K.) The Witch's Head. With 16 Illustrations. 3s. bd. Haggard's (H. R.) Mr. Meeson's Will. With 16 Illustrations. 3$, 6d. Haggard's (H. E.) Nada the Lily. With 23 Illustrations. 3s. bd. Haggard's (H.R.) Dawn. With 16 Illusts. y.bd. 

-continued. 
Haggard's (H. R.) The People of the Mist. With 

16 Illustrations, 3s, 6d. 
Haggard's (H. R.) Joan Haste. With 20 Illus

trations. 3s. bd. 
Haggard (H. R.) and Lang's (A.) The World's 

Desire. With 27 Illustrations. 3s. bd. 
Harte's (Bret) In the Carquinez Woods and 

other Stories. 3s. bd, 
Helmholtz's (Hermann yon) Popular Lectures 

on Scientific Subjects. With 68 Illustrations. 
2 vols. 3s. 6d. each. 

Hope's (Anthony) The Heart of Princess Osra. 
With 9 Illustrations. 3.̂. bd. 

Hornung's (E. W.) The Unbidden Guest. 3s. 6d 
Hewitt's (W.) Visits to Remarkable Places. 

\̂'ith 80 Illustrations. 3s. bd. 
Jefferies' (R.) The Story of My Heart: M y 

Autobiography. With Portrait. 3s. 6d. 
Jefferies' (R.) Field and Hedgerow. With 

Portrait. 3s. bd. 
Jefferies'(R.) Red Deer. With 17 Ulu.'sts. y. 6d. 
Jefferies' (R.) Wood Magic: a Fable. With 

Frontispiece and Vignette by E. V. B. 31. bd. 
Jefferies (R.) The Toilers of the Field. With 

Portrait from the Bust in Salisbury Cathedral. 
3J. bd. 

Kaye (Sir J.) and Halleson's (Colonel) History 
of the Indian Mutiny of 1857-8. 6 vols. 
y. bd. each. 

Knight's (E. F.) The Cruise of the 'Alerte': 
the Narrative of a Search for Treasure on 
the Desert Island of Trinidad. With 2 
Maps and 23 Illustrations. 3s. bd. 

Knight's(E. F.) Where Three Empires Meet: a 
Narrative of Recent Travel in Kashmir, 
Western Tibet, Baltistan, Gilgit. With a M a p 
and 54 Illustrations. 3J. bd.. 

Knight's (E. F.) The ' Falcon' on the Baltic: a 
Coasting Voyage from Hammersmith to 
Copenhagen in a Three-Ton Yacht. With 
M a p and 11 Illustrations, y. 6d. 

KbsOln's (J.) Lite of Luther. With 62 Illustra
tions and 4 Facsimiles of MSS. 3J. bd. 

Lang's (A.) Angling Sketches. With 20 Illustra
tions. 3s. bd. 

Lang's (A.) Custom and Myth : Studies of Early 
Usage and Belief 3s. bd. 

Lang's(A.)CockLaneandCommon-Sense. y.bd. 
Lang's (A.) The Book of Dreams and Ghosts, 

y. bd. Lang's (A.) A Monk of Fife: a Story of the Days of Joan of Arc. With 13 Illustrations. y. bd. Lang's (A.) Myth,Ritual, and Religion. 2 vols. js. Lees (J. A.) and Clutterbuck's (W, J.) B. G. 1887, A Ramble in British Columbia. With Maps and 75 Illustrations, y. bd Leyett-Yeats' (S.) The Chevalier D'Auriac, 3J. bd. Macaulay's (Lord) Complete Works. ' Albany ' Edition. With 12 Portraits. 12 vols. 3s. bd. each. Macaulay's (Lord) Essays and Lays of Ancient Borne, etc. With Portrait and 4 Illustrations to the ' Lays''. 3s. bd. 
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The Silver Library—continued. 
Macleod's (H, D.) Elements of Banking. 3s. bd. 
Marbot's (Baron de) Memoirs. Translated. 
2 vols. IS. 

Marshman's (J. C.) Memoirs of Sir Henry 
Hayelock. 3s. bd. 

Merlvale's (Dean) History of the Romans 
under the Empire. 8 vols. 3s. bd. each. 

Merriman's (H. S.) Flotsam: A Tale of the 
Indian Mutiny. 3s. bd. 

Mill's (J. S.) Political Economy, y. bd. 
Mill's (J. 8.) System of Logic, y. bd. 
fflUner's (Geo.) Country Pleasures : the Chroni
cle of a Year chiefly in a Garden, y. bd. 

Hansen's (F.) The First Crossing of Greenland. 
With 142 Illustrations and a Map. 3s. bd. 

PhlUlpps-WoUey's (C.) Snap: a Legend of the 
Lone Mountain With 13 Illustrations, y.bd. 

Proctor's (R. A.) The Orbs Around Us. 3s. bd. 
Proctor's (B. A.) The Expanse of Heaven, y. bd. 
Proctor's (B. A.) Light Science for Leisure 

Hours. First Series. 3s. bd. 
Proctor's (R. A.) The Moon. y. bd. 
Proctor's (R. A.) Other Worlds than Ours. y.bd. 
Proctor's (R. A.) Our Place among Inflnlties : 
a Series of Essays contrasting our Little 
Abode in Space and Time witii the Infinities 
around us. 3J. bd. 

Proctor's (B. A.) Other Suns than Ours. 3̂ . bd. 
Proctor's (R, A.) Rough Ways made Smooth. 

3s. bd. 

Prootor's(R. A.)PleasantWaysln Science, y.bd. 
Proctor's (E. A.) Myths and Marvels of As
tronomy. 3s. bd. 

Proctor's (R. A.) Nature Studies. 3s. 6a!. 
Proctor's (R. A.) Leisure Readings. By R. A. 
Proctor, Edward Clodd, Andrew 
Wilson, Thomas Foster, and A. C. 
Ranyard. With Illustrations. 31. bd. 

Eossettl's (Maria F.) A Shadow of Dante. 3s. bd. 
Smith's (R. Bosworth) Carthage and the Cartha

ginians. With Maps, Plans, etc. 3s. bd. 
Stanley's (Bishop) Familiar History of Birds. 
With 160 Illustrations. 3s. bd. 

Stephen's (L.) The Playground of Europe (The 
Alps). With 4 Illustrations, y. bd. 

Steyenson's (B, L.) The Strange Case of Dr. 
Jekyll and Mr. Hyde; with other Fables, y.bd, 

Steyenson (E. L.) and Osbourne's (LI.) The 
Wrong Box. 3s. bd, 

Steyenson (Robert Louis) and Stevenson's 
(Fanny van de Grift) More New Arabian 
Nights.—The Dynamiter. 3s. bd, 

Treyelyan's (Sir G. 0.) The Early History of 
Charles James Fox. 3J. bd. 

Weyman's (Stanley J.) The House .of the 
Wolf: a Romance, y. bd. 

Wood's (Bey. J. G.) Petland Eeyisited. With 
33 Illustrations. 3s. bd. 

Wood's (Rev. J. G.) Strange Dwellings. With 
60 Illustrations, y. bd. 

Wood's (Rey. J. 6.) Out of Doors. With 11 
Illustrations. 3s. bd. 

Cookery, Domestic 
Acton. — Modern Cookery. By 
Eliza Acton. With 150 Woodcuts. Fcp. 
8vo., 4s. bd. 

Ashby.—Health in the Nursery. 
By Henry Ashby, M.D., F.R.C.P., Physi
cian to the Manchester Children's Hospital. 
With 25 Illustrations. Crown Svo., 3s. bd. 

Buckton.— Comfort and Cleanli
ness ; The Servant and Mistress Question, 
By Mrs. Catherine M, Buckton, With 
14 Illustrations, Crown Svo,, 2s, 

Bull (Thomas, M.D,). 
Hints to Mothers on the Man-
agbmeh t of their health during the 
Period of Pregnancy. Fcp, Svo,, is. bd. 

The Maternal Management of 
Children in I-Iealth and Disease. 
Fcp. Svo., IS. bd. 

De Salis (Mrs.), 
Cakes and Confections 1 la 
Mode. Fcp, Svo., is, bd. 

Dogs : A Manual for Amateurs. 
Fcp. Svo,, IS, bd. 

Dressed Game and Toultry 2. la 
Fcp. Svo,, bd. 

Fcp. 8vo., 

Fcp. Svo. 

Management, &.Q. 
De Salis (Mrs.).—continued. 
Dressed Vegetables a la Mode. 
Fcp. Svo., IS bd. 

Drinks Tl la Mode Fcp. Svo., is.M. 
EntrAes a la Mode. Fcp. Svo., 

IS. bd. 
Floral Decorations. 

IS. bd. 
Gardening a la Mode. 
Part I., Vegetables, is. bd. Part II., 
Fruits, IS. bd. • 

National Viands A LA Mode. Fcp. 
8vo., IS. bd. 

New-laid Eggs. Fcp. Svo., is. 6d. 
Oysters .5 la Mode. Fcp. Svo., 
IS. bd. 

Soups and Dressed Fish i la 
Mode. Fcp. Svo., is. bd. 

Savouries a la Mode, Fcp. Svo., 
T.s,bd, 

Puddings and Pastry a la Mode. 
Fcp. 8vo., IS. bd. 

Sweets and Supper Dishes 2 la 
Mode. Fcp, Svo., is. bd. Tempting Dishes for Small Incomes. Fcp. Svo., IS, bd. Wrinkles and Notions for Every Household. Crown Svo., is grf 
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Cookery. Domestic Management, &,&.—continued. 

L^ax.—AlAiGRE Cookery. By H. L. Walker.--.^ Book for Every Wo-
SiiDNEv Lear. i6mo., 2s. 

Mann.—Ma.xual of the Principles 
of PR.4criCAL Cookery. By E. E, M.̂ nn, 
Crown Svo. is. 

Poole.—Cookery FOR the Diabetic. 
I',By W . H. and Mrs. Poole. With Preface 
. • by Dr. Pavy. Fcp. Svo., 2J. bd. 

.MA.y. By Jane H. Walker. 
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