
whetlier it is possible to say how large a 
part of the space occupied by the whole 
molecule is occupied by the atoms; but per- 
hapsthe ato~ns bear to tlie molccule sorne 
such relatiolisliip as tlie molecule lo the 
drop of water referred to. Ii'inally, the 
corpuscles may stand lo the a to~n in a sirn- 
ilar scale of magnitude. Accordingly, a 
threefold rnagnilicalion wollld be needed to 
bring these lllti~nate parts of the atom 
within the range of our ordinary scales of 
measurement. 

I have already considered what would be 
observed under the triply powerful niicro- 
scope, and ~nus l  now return to the intcr- 
mediate stage of magnification, in which 
we consider tliose com~nu~iitiesof atoms 
wliich form molecnles. Tliis is the field nf 
research of the chemist. Althollgli pru- 
dence would tell me tliat i t  wonld be wiser 
not to speak of a subject of which I know 
SO little, yet I can not refrain from saying 
a few words. 

The co~nmllnity of alorns in waler lias 
becn compared with a triple star, but there 
are others known to the chemist in whicli 
the ato~ns are to be counted by fifties and 
hundreds, so tliat tliey resemble constella- 
tions. 

I conceive tliat here again we meet with 
co~itliilions si~nilar to tliose which we have 
supposed to e-iist in the atom. Communi-
ties of atoms are called chemical eo1nbin;r- 
tions, ant1 we know that they possess every 
degree of stability. The existence of sorne 
is so precarious that the cliernist in llis 
laboratory can barely ~-?tairr them for a 
r~lomc~rit; otlirrs iiro so stubborn tllal Ile can 
barely break thern 11p. In  this case disso- 
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co~n~nonsalt and of the co~nbinations of 
silicon. But no one has ever found a mine 
of guncolton, because it has so slight a 
power of resistance. I f ,  through sorne 
aeeitlental collocatioll of elernenis, a single 
~nolccule of gullcotton were formecl, it 
would have but a sliort life. 

Stability is, further, a property of rela- 
tionship to surrountling conditio~is; i l  de- 
notes adaptation to environment. Thus 
salt is adaplecl lo the struggle for existellee 
on the earth, but it can not witlistand the 
severer contliitiorls which exist in tlie sun. 

U. TI. I ~ A I ~ W I N .  
lJhI\rlCRsl'l'Y O F  CAMBRLL)CB:. 

/The president here announced that he 
proposed to consider various theories of 
evolution in the heavens in the second por- 
tion of his address, to be delivered at 
Johannesbllrg on Wednesday, August 30.1 

ADDIZESN TO JV~AT'HEI~~ATICATITHE AND 
IVTYAS'IO/~T,8F;CCTTON OF 7'TIE BRIT'IAYE 

AS'AYOCIA TfON P'OR TILE I~UVALVCE- 
MfllV7' 01;' SCIENCE.' 

ACCORDINGlo an established and ~mclial- 
lenged custom, our proceedings are inaugu- 
rated by an address from the preside~l. Let 
me begin it by discharging a duly which, 
unhappily, is of regular recurrence. If 
your presitlient only mentions narnes when 
hc records the personal losses sllffered dur- 
ing tlie year by the sciences of the section, 
the corporate sense of the section will be 
able lo appl*eciate tlie losses with a deeper 
reality than can be conveyed by mere words. 

In Mr. Ronaltli Ilndson, wlio was one of 
our secretaries al  the Cambridge l~ l~c t ing  
a year ago, we have lost a mathe~natician 

ciation and reunion into new forrns of co~ll- whose youthful pro~nise had inlo 
munities are in irlcessalll ant1 sponlaneous early performance. 'I1lie original work 

progress throughoilt thc worlcl. 'I'lie rnorc whicli he hat1 accomplished is sufficient, 
persislent or ]nore stable co~nbin at '  lons suc- both in quality and in amount, to slio~v that 
ceed in their struggle for life, ant1 are ~nuch has becn given, ant1 that much Irlorc. 
found in vaqt quantities, as in the cases of ' R o ~ ~ t l lAfrica, 1005. 



SCIENCE. 


could have been expected. His alert and 
bright personality suggestetli that inany 
happy ycars lay before hiin. All these fair 
hopes were shattered in a inoinent by an 
accident upon a Welsh hillside; ant1 his 
friends, who were many, deplore his too 
early death at tlie age of twenty-eight. 

The death of Mr. Franli McClean has 
robbed astro~io~ny no st patientof one of its 
workers and actively creative investigators. 
I wish that my own Bnowledge could enable 
me to give some not inadequate exposition 
of his services to the science which he loved 
so well. IIe was a inan of great generosity 
which was wise, tliiscrinlinating and ]nore 
than modest ; to wide interests in science he 
unitetli witlie interests in the fine arts. Your 
astronoiner royal, in tlie Royal Observatory 
at Cape To~vn, will not lightly forget his 
gift of a great telescope: and the lJniver- 
sity of Cambridge, the grateful recipient 
of his munilicent endowment of the Isaac 
Newton shldentships fifteen years ago, and 
of his no less mllnificent bequest of manu-
scripts, early printed boolis, and objects of 
art, has done what she can towards per-
petuating his menlory for future genera- 
tions by including his name in the list, that 
is annually recited in sole~nn service, of her 
benefactors who have departcd this life. 

In  the early days of our gatherings, when 
the set of cognate sciences with which we 
specially are concerned liad not yet ' tlii-
verged so widely from one another alike in 
subject and in method, this inaugurating 
address was characterized by a brevity that 
a president can envy ant1 by a freetlioin 
from for~nality that even the least tolerant 
antliienee could find admirable. Thc lapse 
of time, perhaps assisted by presitliential 
anlbitions which have been veiled ~mtlier :In 
almost periodic apology for personal short- 
earnings, has deprived these addresses of 
their ancient brevity, ant1 has invested them 
with an air of oraclxlar gravity. The topics 

vary froin year to year, but tliis variation 
is due to the pretliilection of the intliividual 
presidents; the types of address are but 
few in number. Sometimes, indeed, we 
liave liad addresses that can not be ranged 
untlier any coinprehensive type. Thus one 
year we had an account of a particular 
school of long-sustained co~isecutive re- 
search; another year the presitlient inade a 
constrlxctive (and perhaps defiant) defent e 
of tlie merits of a group of subjects tllat 
were of special interest to hiinsclf. But 
there is one type of atlidress which recurs 
with iterated frequency ; it is constituted hy 
a general account of recent progrgss in tliis- 
covery, or by a survey of nlotliern atlivances 
in sonle one or other of tlie branches of 
science to which the multiple activities of 
our section are devoted. No ~rlodern presi- 
dent has attempted a general survey of re- 
cent progress in all the branches of our 
group of sciences; such an atte~rlpt will 
probably be deferred until the council tliis- 
covers a president who, endowed with the 
o~rlniseience of a TVhewell, and graced with 
the tongue of men and of angels, shall once 
arain unify our discussions. 

On the basis of this practise, it would 
liave been not llnreasonable on my part to 
liave selected so~rle topic froin the vast 
range of pure mathematics, and to liave 
expolmtlied some body of recent investiga- 
tions. There certainly is no lack of topic., ; 
our own tliay is peculiarly active in inany 
directions. Thus, even if we leave on one 
sitlie the general progress that has been 
made in many of the large branches of 
mathematics during recent years, it is easy 
to hint at  numerons subjects which conld 
occupy the address of a mathematical presi- 
dent. IIe might, for instance, devole his 
attention to motliern views of continuity, 
whether of quantity or of space ; he might 
be heterodox or orthodox as to the so-called 
laws of motion; he might expounci his 
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notions as to the nature and properties of 
analytic flxnctionality; a tliiscussio~~ of the 
hypotheses upon which a consistent system 
of geometry can be fralnetli coultli be made 
as lnorllxrr~erital as his ambition might 
choose; he could revel in an account of thc 
lnost recent philosophical analysis of the 
foundations of niathernatics, even of logic 
itself, in which all axioms must either be 
proved or be colnpolxrided of notions that 
defy resolution by the hlx~nan intellect a t  
the present day. Such discussions are 
bound to be excessively technical unless 
they are expressetli in lxn~rlathelnatical phra-
seology; when t l ~ e y  are so expressed, and 
in so far as such expression is possible, they 
become very long and they can be very thin. 
Moreover, had I chosen any topic of this 

suggested my subject. With an adven-
turous alxdacity that quite overcrovs the 
bpirit of any of its past enterprises, the 
British Association for the Atlivance~rient 
of Science has traveled south of thc Equa- 
tor and, in ;~cccpting your hospitality, pro- 
poses to traverse ~nuch  of Solxt21 Africa. 
The prophet of old declared that ' m;iny 
shall run  to ant1 fro, and linonledge shall 
be increased '; if the second part of the 
prophecy is not fulfillecl, it will not be for 
the want of our efforts to fulfill the first 
part. And if the place ant1 the range of 
this peripatetic delnonstration of our an-
nual corporate activity are imusual, the 
occasion chosen for this enterprise recalls 
~rlenlo~iesthat are fundamental in relation 
to our subject. It is a ~rlodcrn fashion to 

character, it would have been the ~ r i e ~ e s t  observe centenaries. I n  this section n e are 
natural justice to have given early 11ttc.r- 
ance of the sibyllic warning to the m~in i -  
tiated; I lnust also have bidden the initi- 
atcd that, as they come, they sl~oulcl smn- 
rnon all the courage of their ~01x1s. SOI 
abstain frolri ~t~al\-ing ansuch experitnent 
upon an uriwarned audience ; yet it is with 
raellxctance that I have avoided snbjccts 
in  the range which to me is of peculiar 
interc~st. 

On the other hand, I rnust ask your in- 
dlxlgence Por not conforlrling to average 
practice arid exp~ctation. My desire is lo 
mark the present occasion by an adtliress of 
nnspecializetl type ~1rhic21, while it is bonnd 
to be mainly ~r~irthematical in tenor, :rnc1 
~vhile it will contain no new inl'orrn;rtion, 
iiiay do little marc, than recall sotnr facts 
that are B n o ~ ~ n ,  and \\ill colnrrrent briefly 
upon obvious tenrlencies. Let me beg yon 
lo believe that i t  is no st~*aining after 
noveltp which has tlictatcd ~r ly  choice ; such 
an ambition has a hateful facility of being 
fatal  both to the pcrforlner and to thc pur- 
pose. I t  i4 the \trangmess of oar eii'cuiil- 
stanccs, in bcth p1:zc.c. and t h e ,  that has 

in the unusual position of being able to ob- 
serve three scientific centenaries ln one and 
the sarne year. Accordingly I propose to 
refer to these in turn, and to indicate a few 
of the events filling the intervals between 
them ; blxt my outline can be of only the 
most s u ~ n r n a ~ y  charackr,  for the scientific 
history is a history of three hundred years, 
antli, if searchi1lg enough, it coultli include 
the talc of nearly all mathematical and 
adronomical arid physical science. 

I t  is exactly three hlrrltlired years since 
J3:rcon published ' The Aclvaricelnerit of 
1~cat.ning.' l Iis discourse, alilie in inalter, 
in tt.~oilght, in outlooli, was in advance of its 
time, i ~ ~ l d  i t  exercisecl no great irlfluerlce for 
tl~c, years that irtl~rledi>ltely followed its ap-
pearance ; yet that ;tppearance is one ol' the 
chicf events in th(1 origirrrs of modern 
natural science. T;~Bing all knon ledge ti) 
be his province, he snrveys the ~ ~ h o l c  of 
learning : 21(1 deals u i t h  thc1 discredits that 
then coi~ld attach to i t ;  hc espolxllds both 
the digrrity arid tbc inflnctlrc of its pur- 
suii ; and he analyzes all lcwrnino, \\ helher 
of things divine or of things hur~liin, illto 
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its ordered branches. He points out de-
ficiencies and gaps; not a few of his recom- 
mendations of studies, at his day remain- 
irlg untouched, have since beconle great 
branches of human thought arld hurnarl in- 
quiry. But what corlcerns us most here is 
his attitude towards natural philosophy, 
all the more renlarliable because of the state 
of knowledge of that subject in his day, 
particularly in Erlgland. It is true that 
Gilbert had published his discovery of ter- 
restrial magnetism sonle five years earlier, 
a discovery followed only too soor1 by his 
death; but that was the single corlsiderable 
Hnglish achievement in modern scierlce 
down to 13acon1s day. 

I11 order to estimate the significance of 
Bacon's range of thought let me recite a 
few facts, as an irldicatiorl of the extreme 
terluity of progressive science in that year 
(1605). They belong to subsequent years, 
and may serve to show how restricted were 
the attainments of the period, and how 
limited were the means of advance. The 
telescope and the microscope had not yet 
been inverlted. l'he simple laws of planet- 
ary motion were not formulated, for Kep- 
ler had them orlly in the making. Log-
arithms were yet to be discovered by 
Napier, and to be calculated by I3riggs. 
Descartes was a boy of nine and Fermat a 
boy of only four, so that analytical 
geometry, the middle-life discovery of both 
of them, was l i n t  yet cven a dream for eithcr 
of them. The Italian rr~atllerr~aticiarls, of 
whom Cavalieri is the least forgotten, were 
developing Greek methods of quadrature by 
a trarlrf ormed princip)le of indivisibles ; 
but the irlfirlitesin~al calculus was rlot 
really in sight, for Newtorl arld Leibrlitz 
were yet unborn. Years were to elapse be- 
fore, by the ecclesiastical tyranny over 
thought, Galileo was forced to make a 
verbal disavowal of his adliesiorl to the 
Copernicarl system of astronomy, of which 

he was still to be the protagonist in pro- 
pounding any reasoned proof. Some 
n~athematics could be had, cumbrous arith- 
metic and algebra, some geometry lumber- 
ing after Euclid, and a little trigonometry; 
but these were lnairlly the mathenlatics of 
the Renaissance, no very great advance upon 
the translated work of the Greeks and the 
transmitted work of the Arabs. Ever) our 
old friend the binomial theorem, which now 
is supposed to be the possessiorl of nearly 
every able schoolboy, remained urlkrlown to 
professional mathematiciarls for more than 
half a century yet to come. 

Nor is it merely on the negative side that 
the times seemed unpropitious for a new 
departure ; the spirit of the age in the posi- 
tive activities of thought and deed was not 
more sympathetic. Those were the days 
when the applications of astronomy had 
beconle astrology. Men sought for the 
elixir of life and pondered over the trans- 
mutation of baser metals into gold. Shake-
speare not long before had produced his 
play ' i l s  You Like It,' where the strange 
natural history of the toad which, 

Vgly ; ~ n d  vcnomolls, 
13c;~rsyet a. precious jclvcl in his head, 

is made a metaphor to illustrate the sweet- 
ening uses of adversity. The stiffened 
Elizabethan laws against witchcraft were 
to be sternly administered for marly a year 
to come. It was an age that was puls:ztirlg 
with life and illuminated by fancy, but the 
life was the life of strong actiorl arld the 
fancy was the fancy of ideal imagination ; 
nlen did not lend themselves to sustained 
and abstract thought concerning the rlature 
of the universe. When we contemplate 
the spirit that such a state of knowledge 
might foster towards scierltific learning, 
and wEien we recall the world into which 
Bacon's treatise was launched, we can well 
be surprised at his far-reaching views, arld 
we earl marvel at  his isolated wisdom. 
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Let n ~ e  select a feh~ specimens of his 
judgn~erlts, chosen solely irl relation to our 
vwn wbjects. \Vhcn he says 

All t rnc  and frrlitflll natur:~l plrilosophy hat11 
a double scale or laddcr, ascendent and desct~ndcnt, 
asccnding from experimcnt,~ t o  t,hc i~ivcntion of 
causes, and descending from C:LIIE~S to  tllc invcn- 
tion o f  new cxpcriments; therefore I judge i t  
most reclnisitc t ha t  tllcsc two parts be severally 
considered and handlcd- 

he is ll lerel~ exl?()u1l(lir1g, in what is 
rather archaic phrase, the principles of the 
most ambitious investigatiorls in the natural 
philosophy of subsecluerlt Centuries. Wherl 
he speaks of 

the opc~~at ion  of char-tlrc r e l a t i ~ e  and n d ~ c n t i ~ e  
:tcters of csscnccs, a s  cptntl ty,  sim~litadc,  diver- 
sity, possibility and thc rcst;  with this distinction 
and provi\ion, t ha t  they he handlcd ;IS t l ~ yhave 
ef~cncy in natuie, and not log~cally- 

I secm to hear the voice of thc applied 
mathematician warning the pure mathe-
matician olF the field. When, after having 
divideti natural philoscphy into pllysic and 
metaphysic (using these words in particular 
meanings, and inclueling mathematics in 
the second of the divisions), he declares 

~ ~ h y s i c sslioalrl contcrnp1:~tc t h a t  mllicll i i  inherent 
irr ~riattcr ,  and tllrrcforc trztnsitory, :~nrl 1r1ct:~- 
I)l~ysicstha t  wllicll is ;thstracbd and fiucrl; -
l~lrysie rlesciilicth ttle causes of things, but the  
vaii;tblc or respective callics; and mc ta~hys i e  the 
f nrd anrl con5tant cauies- 

there comes before nly mind the army of 
physicists of the present day, who devote 
thc~u~selves~rnwcaryingly to the properties 
of matter and willingly c a ~ t  aside elaborate 
arguments and calculations. When he 
argues that 
m:rny pai t s  of nat111.c can ncitlrer 1 , ~  invented ~ i t l l  
snflicient sllbtilty, no,. demonst~atcd n i t h  sufli-

c ie~i t  pe~spicllity, nor accoim~iorl;~tcrl l l~ l to  u5c with 

wllicicnt dcuterity, ~vitlrout t11c aid and inter-
veni~ig of t11c mt~thcnlatics- 

he might be describing the activity of sub- 
sequent generations of philosophers, as-
trononlcrs arlcl engineers. And in the last 

place (for my extracts must have solncl 
end), \\hen 11e expresses thc, opinion 
tllzct 1ric.n do not sl~ilrcientl\. ~lildeistand thcs c l -
ccllent rlsc pf the pure ~rlnthcmatics, in t ha t  tllcy 
do rclrictly and ellre many defects in the wit and 
facalties intellectual. For if the wit  be too d1111, 
thcp sharpen i t ;  if too wandering, they fix i t ;  if 
too inherent in the sclnsc, they abstract i t ;  ;"* " 
in thc  rnatlrci~~:~tici?, is  collateral andtlrat which 
intcrvmient is  no less worthy than tha t  wlrich 
is  17rinci1,al anrl intended- 

I seem to llear an advocate for the incllIsion 
~f elementary nlathematics in any scheme 
of general cducatiorl. same I 

worlder what Bacon, who held such 
alted estimate of m r e  nlathenlatics in its 
gray dawn, would have said by hvay of 
ampler praise of the subject in its fuller 

day. 
I t  was a splendid vision of ir~ductivc 

science as of other parts of learning: it 
contained a revelation of the course of prog- 
rcss through the centuries to come. yet 
the facts of to-day are vaster than the vision 
of that long-ago yesterday, and human ac- 
tivity has far  ontstripped the dreams of 
Racon7s opulent imiigination. I le  was the 
harbinger (prernature in many rcsprcts it 
must be confessed, but still the harbinger) 

era' time when we are 
making a new departure in the fulfilment 
of the purpose of our charter, which re-
cluires us ' to pro mot^ the irltercourse of 
those who cultivate science in different 
parts of the British Hmpire, our Associa- 
tion for the Aclvancement of Science may 
pause for a moment to gaze upon the vision 
revealed three centuries ago in the 'Ad- 
vancement of Learning' by a philosopher 
whose influence upon the thought 01 
world is orle of the glories of our nation. 

1 have impliccl that Bacon's discourse 
ill acivanceof its age, so far as ~ ; ~ ~ ~ l ~ ~ ~ d  

was concerned. Tndividllals could make 
their mark in isolatetl fashion. Thus IIar- 
vey, in his hospital work in Losldon, clis- 
covered the circlllation of the blood ; Na-
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pier, away on, his Scottish estates, invented 
logarithms; and EIorrocks, in the seclusion 
of a Laneashire curacy, was the first to ob- 
serve a transit of Venus. I3ut for more 
than half a century the growth of physical 
science was mainly due to workers on the 
continent of Europe. Chlileo was making 
discoveries in the mechanics of solids and 
fluids, and, specially, he was building on a 
firm foundation the fabric of the system of 
astronomy, hazarded nearly a century be- 
fore by Copernicus ; he still was to furnish, 
by bitter experience, one of the most strili- 
irlg examples in the history of the world 
that truth is stronger, than dogma. Kepler 
was gradually elucidating the laws of 
planetary motion, of which such significant 
use was made later by Newton; and Des- 
cartes, by his creation of analytical geome- 
try, was yet to effect such a constructive 
revolution in mathematics that he might 
not unfairly be called the founder of 
modern mathematics. I n  England the 
tiines were out of scientific joint: the 
political distractions of the Stuart troubles, 
and the narrow theological bitterness of the 
commonwealth, made a poor atmosphere for 
the progress of scientific learning, which 
was confined almost to a faithful few. The 
fidelity of those few, however, had its 
reward; it was owing to their steady con- 
fidence and to their initiative that the Royal 
Society of London was founded in 1662 by 
Charles 11. At that epoch, science (to 
quote the words of a picturesque historian) 
became the fashion of the day. G r e d  
Britain began to contribute at  least her 
fitting share to the growing knowledge of 
nature; and her scientific activity in the 
closing part of the seventeenth cerltury 
was a realization, wonderful and practical, 
of a part of Bacon's dream. Undoubtedly 
the most striking contribution made in that 
period is Newton's theory of gravitation, 
as expounded in his ' Principia, ' published 
in 1687. 

?'hat century also saw the discovery of 
the fluxional calculus by Newton, and of 
the differential calculus by Leibnitz. 
These discoveries provided the material for 
one of the longest and most deadening con- 
troversies as to priority in all the long his- 
tory of those tediously barren occl~pations; 
unfortunately they are dear to'minds which 
cannot understand that a discovery should 
be used, developed, amplified, but should 
not be a cause of envy, quarrel, or contro- 
versy. Let me say, incidentally, that the 
controversy had a malign influence upon 
the study of mathematics as pursued in 
England. 

Also, the undulatory theory of light 
found its first systematic, if incomplete, 
exposition in the work of Huygens before 
the century was out. But Newton had an 
emission theory of his own, and so the un- 
dulatory theory of IIuygens found no favor 
in England until rather more than a hun- 
dred years later; the researches of Thomas 
Young established it on a firm found a t '  ion. 

Having thus noted some part of the stir 
in scientific life which marked the late years 
of the seventeenth century, let me pass to 
the second of our centenaries: i t  belongs 
to the name of Edmond Elalley. Quite in- 
dependently of his achievement connected 
with the year 1705 to which I am about to 
refer, there are special reasons for honor- 
ing ISalley's name in this section at  our 
meeting in South Africa. When a young 
man of twenty-one he left England for St. 
IIelena, and there, in the years 1676-1678, 
he laid the foundations of stellar astronomy 
for the southern hemisphere; moreover, in 
the course of his work he there succeeded 
in securing the first complete observation 
of a transit of Mercury. After his return 
to England, the next few years of his life 
were spent in laying science under a special 
debt that can hardly be over-appreciated. 
I-Ie placed himself in personal relation with 
Newton, propounded to him questions and 
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ofiered information ; and it is now a coin- 
Inonplace statement that Halley's qnestions 
and suggestions caused Newton to write the 
' Principia.' Rlore than this, Tve lmo~v that 
Newton's great treatise saw the light only 
throngh Ilalley's persuasive insistence, 
throngh his rmwearying diligence in saving 
Newton all cares and trouble and even 
peclmiary expense, and through his alr)so- 
lr~tcly self-sacrificing devotion to what he 
~natle an unwavering tlrlty at that epoch 
in his life. Again, he appears to have 
been the first orgnnixcr of a, scientific expe- 
dition, as distinct froin a, journey of dis-
covery, tomards the southern seas: he 
sailed as far as the fifty-second degree 01 
southern latitnde, devised the principle of 
the sextant in the course of his voyaging, 
and, as a result of the voyage, he produced 
a general chart of the Atlantic Ocean, with 
special reference to the deviirtion of the 
compass. Original, touched with genius, 
cheery of soul, strenlxo~xs in thollght and 
generous by nature, he spent his life in a 
continuonsly productive devotion to astro- 
nomical scicnce, from boyhoocl to a span of 
years far beyond that which satisfied the 
psalmist's broodinqs. I have selcclcd a 
characteristic incident i r l  his scientific ac-
tivity, one of the no st brilliant (though it 
can not be c1;ii~necl as the most inlportwnt) 
of his astronolnical achievements; it strikes 
me ;is one of tlic most cliivalrorxsly hold 
acts of convinced scicnce within my kno~\l-  
edge. Lt is only the story of a comct. 

have just explaincci, very briefly, 
Ilwlley's share in the prodixction of 1\T(>J\~-

ton's ' Principia ' : his ('lose concern I\ ith 
it made him the IPahoinet of the new dis-
pensation of the astronomical universe, iind 
he wils prclparcd to view all its phenon~ena 
in the light of that dispcnsalion. c.onrcti\ 


had appeared in 1682-it was still fhc agv 

when scientific men caould think that, by a 
collision between thc earth and a cnmcet, 

' this most bealltifix1 order of things would 
be entirely destroyed and redneed to its 
ancient chaos '; but this fear was taken as 
a ' by-the-bye,' which happily interfereel 
with neither observations nor cnlcixlatioris. 
Observations had dilly heen made. 'I'he 
data were rlsed to obtain the elements of 
the orbit, employing Newton's theory as a 
worli-ing hypothesis; arid he espresses an 
incidental regret as to the irltrirlsic errors 
of assnrned mxmerical elements ancl of re-
corded observations. I t  then occlxrrcA to 
Halley to  calculate similarly the elements 
of the comet which Keplei. ancl others had 
seen in 1607, and of which records had been 
irlade ; tlie Nrwtoriian theory gave elements 
in close accord with those belonging to the 
conlet calculated from the latest observa- 
tions, though a new regret is expressed that 
the 1607 ohservatiorls had not been made 
with more accuracy. On these reslllts he 
committed hirnself (being then a man of 
forty-nine years of age) to a prophecy 
(rhich co~xld not be checked for fifty-three 
years to come) that the comet wollld return 
abolxt the end of the year 1758 or the hrgin- 
ning of the next sacceeding year; he was 
milling to leave his concllxsion ' to he clis-
cussed by the care of posterity, after the 
truth is found out hy the event.' Rnt not 
completely content with this stage of his 
~rork,  he obtained with difficlllty a book by 
Apinn, givinc an ;iccorxnt of a coinct seen 
in 1531 and recording a nllinber of ohscr- 
votioris. Tlalley, constant to his faith in 
the Newtonian hypothesis, used that hypoth- 
esis to ca1cnl;lte tlie elements of the orbit 
of the Apian comet; orwe more regretting 
the uncertainty of tlie data and disco~xnting 
a very grievorxs error committed by Apian 
himself, Halley concluded that the Apian 
comet of 1531, i~nd  tlie Rpplcr comet of 
1607, atul the ohservccl comet of 1682 vcre 
one and tlie same. Ire confirmed Elis pre- 
cliction as to thc date of its retrrrn, and hc 

L 
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concl~xdes his argllmerlt with a blend of 
confidence and patriotism :-

TVlrerefore if according to what we have al-
ready said it  s210uld return again about the year 
1758, candid posterity will not refuse to acltnowl- 
edge that this I V ~ Sfirst discovered by an English-
mun. 

Such was Halley 's prediction published in 
the year 1705. The comet pllrsued its 
course, and i t  was next seen on Christmas 
Day, 1758. Candid posterity, so far  from 
refwing to acl~nowledge that the discovery 
was made by an Snglishman, has linked 
Ilalley 'a name with the comet, possibly for 
all time. 

We all now could make announcements 
on the subject of IIalley's comet; their fnl- 
filinent could be awaited serenely. No vi- 
sion or inspiration is needed; calcnlations 
and corrections will suffice. The coniet was 
seen in 1835, and i t  is expected again in 
1910. No doubt our astronomers will be 
ready for i t ;  and the added knowledge of 
electrical science, in connection particalarly 
with the properties of matter, may enable 
them to review Bessel's often-discussed con- 
jecture as to an explanation of the emis- 
sion of a sunwartl tail. Blxt ITalley's an-
nonncerncnt was made daring what may he 
calletl the immaturity of the gravitation 
theory; the realization of the prediction 
did much to strengthen the belief in the 
theory ;ind to spread its general acceptance ; 
the crown of conviction was attained with 
the work of Adams and T~everrier in the 
discovery, propounlled by theory and veri- 
fied by observation, of the planet Neptune. 
I do not known an apter illustration of 
13;icon7s dictum that has already been 
quoted, ' All true antl fruitful natural phi- 
losophy hi~tha double scale, ascending from 
experiments to the invention of causes, and 
descending from causes to tlie invention of 
new experiments.' The double process, 
when i t  can be carried out, is one of tlie 
most effective agents for the increase of 

trllstworthy lmowledge. But until the 
event justified Elalley's prediction, the 
Cartesian vortex-theory of the universe was 
not completely replaced by the Newtonian 
theory; the Cartesian votaries were not at 
once prepared to obey Halley's jubilant, if 
stern, irljllnction to ' leave off trifling
" " * with their vortices and their ahsolute 
plemxm " * * and give themselves up to 
the study of truth.' 

a ion The century that followed the public t '  
of Elalley's prediction shows a world that 
is steadily engaged in the development of 
the indluctive sciences and t h ~ i r  applica- 
tions. Observational astronomy contimxed 
its activity quite steadily, reirlforced to-
war& the end of the cent~xry by the first 
of the Herschels. The science of mathe-
matical (or theoretical) astronomy was 
created in a form that is used to this day; 
but before this creation colxld be effected 
there bad to be a development of mathe- 
matics suitable for the parpose. The he- 
ginnings were made by the Bernolxllis (a  
family that must he of supreme interest to 
Dr. Francis Gdton in his latest statistical 
compilations, for it contained no fewer than 
seven mathematicians of mark, distributed 
over three generations), but the main 
achievements are due to Euler, Lagrange 
and Laplace. I n  p:irticalar, the infinitesi- 
mal calclxlus in its various branches (in-
cl~xding, that is to say, what we call the 
differential calculus, the integral caic~xlus, 
and differcnti;il equations) received the de- 
velopment that now is familiar to all who 
have occasion to work in the slxhject. When 
this calcllllls was developetl, it was applied 
to a variety of subjects ; the applications, 
indeetl, not merely influenced, I.mt iinmedi2 
ately directed, tlie development of the 
mathematics. To this period is due the 
constrllction of analytical mechanics at the 
hands of Euler, d'dlpmbert, Lagrange and 
Poisson; but the most significant achieve- 
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ment in  this range of thought is the mathe- 
matical tleveloprnent of the Newtonian 
theory of gravitation applied to the whole 
universe. I t  was made, in the rnain, by 
Lagrange, as regards the wider theory, and 
by Laplace, as regards the amplit~xde of 
detailed application. I3at i t  was a century 
that also saw the obliteration of the ancient 
doctrines of caloric and phlogiston, 
through the discoveries of IZllmforll and 
Davy of the nature and relations of heat. 
The modern science of vibrations had its 
beginnings in the experimcnts of Chlatlni, 
and, as has already been stated, the nn-
dulatory theory of light was rehabilitated 
by the researches of Thomas Young. 
Strange views as to the physical constitu-
tion of the universe then were sent to the 
limbo of forgotten ignorance by the early 
discoveries of modern chemistry ; and engi- 
neering assumed a systematic and scientific 
activity, the limits of which seem hounded 
only by the cnrnm~lative ingenuity of succes- 
sive generations. But in thus attempting 
to snrnrn;irize the progress of science in 
that period, I appear to be trespassing upon 
the domains of other sections; my steps 
had better he retraced so as to let us return 
to our own upper air. I f  I mention one 
more fact (and i t  will be a small one), i t  is 
because of its special connection with the 
work of this section. As yo11 are aware, the 
elcrnents of Enclid have long been the 
standard treatise of elementary geometry 
in a r ea t  Britain; and the Greek methods, 
in IZobert Simson's edition, have been irn- 
posed upon candidates in examination after 
examination. I3ut Euclid is on the verge of 
being ::disestablished ; my own IJniversity of 
Cambridge, which has had its full share in 
maintaining the restriction to Elxclid's 
methods, and which was not uninfluenced 
by the report of a committee of this associa- 
tion upon the subject, will, some six or sevcn 
W P P ~ ~  its last cxaininatiori irkhence, hold 

which those methods are prescriptively re- 
cylxircd. The disestablishment of Eaclid 
from tyranny over the youthfnl student 
on the continent of Europe was effected bc- 
fore the end of the eighteenth century. 

I3at i t  is tilrle for me to pass on to thc 
third of the centenaries, with which the 
present year can be associated. Not so flm- 
darnental for the initiation of modern sci- 
ence as was the year in  which the ' Advance-
ment of Learning ' was publishecl, not so 
romantic in the progress of motlern sciencc 
as was the year in which Halley gave his 
prediction to the world, the year 1805 (tur-
bnlent ;is i t  was with the strife of liluropean 
politics) is rnarlied by the silent voices of a 
couple of scientific records. I n  that year 
Laplace published the last progressive in- 
stalment of his great treatise on ' Celestial 
Mechanics,' the portion that still remained 
for the future being solely of ;in historical 
character; the great number of astronorn-
ical phenomena which he had been able to 
explain by his mathematical presentation 
of the consequences of the Newtonian 
theory wolxld, by themselves, liave been s ~ f -  
ficient to give confidence in the validity of 
that theory. I n  that year also Mange pub-
1i~;hed his treatise, classical and still to be 
read by all stndents of the subject, ' The 
Application of Algebra to Geometry '; i t  
is the starting point of rnotlern synthetic 
geometry, which has marched in ample de- 
velopment since his day. These are but 
1andmarBs in the history of rnathemirtical 
science, one of tlicrn indicating the taolll-
pleted attainrncnt of a tremendous task, the 
other of them initiatiny a new tlepartllrc; 
both of them liave their significance in the 
progress of their respective sciences. 

Whcn we contemplate the activity and 
the achievements of the century that has 
elapsed since the stages which have just 
been incntioned were attained in rnathe-
~r~a t ica lscience, thc anionnt, the r;n.icty, the 
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pragres~ive diligence, are little lcss than be- 
wildering. I t  is not merely the vast de-
velcpment of all the sciences that calls for 
rernarlr : no less striking is their detailed 
development. Each branch of science now 
has an enormous array of workers, a de-
velopment rendered more easily possible by 
the growing increase in the number of pro- 
fessional posts; and through the influence 
of these workers and their labors there is 
an ever-increasing body of scientific facts. 
Yet an aggregate of facts is not an ex-
planatory theory any more necessarily than 
a pile of carefully fashioned stones is a 
cathedral; and the genins of a Kepler and 
a Newton is just as absolutely needed to 
evolve the comprehending theory as the 
genius of great architects was needed for 
the Gothic cathedrals of France and of 
England. Not infrequently it is difficult 
to make out what is the main line of 
progress in any one subject, let alone in a 
group of subjects; and though ill~nnina-
tion comes frorn striking results that ap-
peal, not merely to the professional work- 
ers, but also to unprofessional observers, 
this illumination is the exception rather 
than the rule. We can allow, and we 
should continue to allow, freedom of initia- 
tive in all directions. That freedom sorne- 
times means isolation, and its undue exer- 
cise can lead to narrowness of view. I n  
spite of the complex ramification of the 
sciences which i t  has fostered, it is a safer 
and a wiser spirit than that of uncongenial 
complxlsion, which can be as dogmatic in 
matters scientific as it can be in matters 
theological. Owing to the varieties of mind, 
whether in individnals or in races, the 
progress of thought and the yrowth of 
kno~vledge are not ulti~ilately governed by 
the wishes of any individual or the pre,ju- 
dices of any section of individnals. Here, 
a school of growing thought may be ig-
nored there, it may be denonnced as of no 

importance; some~vhere else, it niay hc. 
politely persecuted out of possible existence. 
Rut the here, and the there, and the some- 
where else do not make up the imiverse of 
Innnan activity ; and that school, like Gali- 
lee's earth in defiance of all dogmatic all- 
thority, still will move. 

This complete freedom in the develop- 
ment of scientific thought, when the thought 
is applied to natural phenomena, is all the 
more necessary because of the ways of 
nature. Physical nature cares nothing for 
theories, nothing for calculations, nothing 
for difficulties, whatever their source ; she 
will only give facts in answer to our ques- 
tions, without reasons and without explana- 
tions; we may explain as we please and 
evolve laws as we like, without her help or 
her hindrance. I f  from our explanations 
and our laws we proceed to prediction, and 
if the event justifies the prediction through 
agreement with recorded fact, well and 
good: so far we have a working hypothesis. 
The significance of working hypotheses, in 
respe~t  of their validity and their relation 
to causes, is a well-known battle-ground of 
dispute hetveen different schools of philos- 
ophers; i t  need not detain us here and 
now. On the other hand, when we proceed 
frorn our explanations and our laws to a 
prediction, and the prediction in the end 
does not agree with the fact to he recorded, 
it is the prediction that has to give way. 
But the old facts remain and the new fact is 
added to them; and so facts grow until 
some working law can be extracted from 
thern. This accumulation of facts is only 
one process in the solution of the universe: 
when the compelling genius is not a t  hand 
to transform knowledge into wisdom, useful 
work can still be done upon them by the 
construction of organized accounts which 
shall give a systematic exposition of the re- 
sults, and shall place thern as far  as may 
he in relative significance. 



2-44 SCIENCE. LS.s. 1-01,. XXII. NO.556. 

Let me pass from these generalities, 
mllich have been suggested to my niind by 
the consideration of some of the scientific 
changes that have taken place during the 
last hundred years, and let me refer briefly 
to scme of the changes and advances which 
appear to me to be most characteristic of 
that period. It is not that I am concernecl 
xvith a selection of the ]nost important re- 
searches of the period. Estimates of rela- 
tive iniportance are often little more than 
half-concealed expressions of indiviclaal 
preferences or personal enthusiasms; and 
though each enthusiastic worker, if cpite 
frank in expressing his opinion, would de- 
clare his own subject to be of supreme iin- 
portance, he ~ ~ o u l c l  agree to a conlprolnise 
that the divergence between the different 
subjects is now so wide as to have destroyed 
any coinnion measure of comparison. ISly 
concern is rather with changes, and with 
tendencies where these can be cliscerned. 

The growth of astrononiy has already 
occupied so large a share of my remarks 
tliat f e t ~  more words can be spared here. 
Xot less, but more, remarkable than the 
preceding cent~~ries  explora-in the a c t ~ ~ a l  
tion of the heavens, which has been facili- 
tated so much by the inlproveinents in in-
struments and is reinforced to such pffect 
by the coop~ration of an ever-groming band 
of ilinerican astronomerc, it has seen a new 
astronomy occupy regions undreamt of in 
the oldcr days. Ken- irlethods hare supple- 
mented the old; spectroscopy has developed 
a science of physics xithin astrononly ; and 
the unastrononiical brain reels at the con- 
tents of the photographic chart of the 
heavens which is now being constructed by 
international cooperation and mill, when 
coinpletecl, attempt to inap ten niillion stars 
(more or less) for the huiiian e3e. 

Nor has the progrcAss of physics, alike on 
the nlathematical side and the esperiniental 
side. been less reniarl<able or Inore restricted 

tlian that of a~tronolily. The elaborate and 
occasionally fantastic theories of the eigh- 
teenth century, in such subjects as light, 
heat, even as to matter itself, were rejected 
in favol- of simpler and more comprehensive 
theories. There xas  one stage when it 
seeniecl as if the mathematical physicists 
w r e  gradually ov~rtaking the experimental 
physicists ; but the discoveries in electricity 
begun by Paraclay left the mathematicians 
far behind. Xuch has been clone towards 
the old duty, ever insistent, of explaining 
new phenomena; and the names of Max-
well, TTeber, Neumann, and Hertz need only 
to be inentio'necl in order to suggest the 
progress that has been made in one subject 
alone. TVe need not hesitate to let our 
thoughts couple, with the great physicists of 
the century, the leaders of that brilliant 
bancl of 11-orliers upon the properties of 
inatter who carry us on froin wonder to 
woncler with the passage of each successive 
year. 

Further, it has been an age when technic- 
al applications have marched at a marvel- 
ous pace, So great has been their growth 
that ~ t e  are apt to forget their comparative 
youth; yet i t  was only the iniddle of the 
century which saw the awakening from 
-hat now might be regarded as the clarli 
ages. So r  is the field of possible application 
nearing exhaustion: on the contrary, it 
seems to be increasing by reason of new dis- 
cos-eries in pnre hcience that yet will find 
ioiiie beneficent ontconle in pl-a ctice. In-
visible rays and n-ireless telegraphy may be 
cited as i1lstancc.s that arr occnpyirig pres- 
ent activities, not to speak of radilxii~, the 
lxnfolding of ~rhose future is ~vatched by 
eaqer inintis. 

One gap, indeed, in this cuhject strikes 
iiie. There are great histo]-ies of mathe-
matics a~ l t lgreat histories c3f astronomy; I 
c:ln fiiicl 110 history of physics 011 the grancl 
scale. Some serviceable li~annals there arc. 



as well as monographs on particular topics; 
what seems to me to be l;~cliing is sorne corn- 
prehensivc and colnparative survey of the 
a~holerange. TIle histoqr of ally of the 
natural like the history of human 
activity, is riot lnerely an encyclopzdic 
record of past facts; it reveals both the 
spirit and the wealth which the past has 
bequeathed to the prewnt, anclwhich, in 
clue course, the present will influence before 

trans~riission to the future. Perhaps all 
our physicists are too busy to spare the 
labor needed for the protf~~ction of a corn- 
prehensive history ; yet I cannot help 
thinlting that such a contribution to the 
subject would be of great value, not to 
physicists alone. 

But, as you hear me thus referring to 
astrononly and to physics, some 01 you 
lllay tllinli of the old Rollian proverb which 
made the cobbler not to looB above his last; 
so I talco the opportmrity of relerring very 
briefly to my subject. on(, of the 
features 01the century has been the 
t imed development of mathematics. a 
means of the subject was~ a l c u l a t i ~ n  de-
veloped as widely during the earlier portion 
01 the century as during the preceding 
century; it soon began to show signs of 
emergence as an independent science, and 
the later part of the century has witnesWd 
the erl~ancipation of pure mathenlatics." ~t 
was pointed out, in connection ~ ~ ~ i t hthe 
growth of theoretical astronomy, that . 
mathematics developed in the direction of 
its application to that subject. %Then the 
wonderful school of French physicists, 
colnposed of Rfonge, Carnot, Fourier, Pois- 
son, Pojnsot, AmpEre and Fresnel (to men- 
tion only some names), together with Gauss, 
Kjrchhoft' and von IIelmholtz in (iernlany, 
and Ivory, Green, Stokes, Maxwell and others 
in England, applied their mathematics to 
variolls branches of physics, for the rnost 
Part its developrnent was that of an ancil- 

lary sub,ject. The result is the superb body 
of knowle(lge that may be sulnmarized un- 
der the title of ' mathematical physics ' ; 
but the final interest is the interest of 
p h y ~ i ~ ~ ,  beenthough the construction I ~ s  
the service of mathematics. 1/4oreover, 
this tendency was deliberate, and was 

Fourieravowed inno uncertain tone. T~LLS 
co~dd praise the utility of mathematics by 
declaring that ' there was no larlg~lixge tilore 
universal or simpler, more free from errors 
or obscurity, more worthy of expressing 
the unchanging relations of natural enti- 
ties '; in ;L burst of enthusiasm he declares 
that, from the point of view he hat1 intii- 
cated, ' mathematicid analysis is as wide 
as nature herself,' and ' it increases and 
grows incc~ssantly stronger amid all the 
cllanges and errors of the human mind.' 
nfathematicians might alrnost blllsh with 

conscious pleasure a t  such a laudation of 
their subject fmnl such a quarter, though 
i t  err,< by both excess and de1ect; but the 
exultiztion of spirit need not ]tist l o n ~ .  The 

mine authority, when officially expotmding 
to the French Apadeiny the work of Jacobi 
and of Abel upon elliptic functions, ex-
pressed his chilling opinion (it had nothing 
to do with the case) that 'the questions of 
natural philosophy, which have the mathe- 
mathical study of all important phenoineniz 
for their aim, are also a worthy and princi- 
pa] subject for the meditationsof geonleters. 
It is to be desired that those perc;ons who are 
best -fitted to innprove the science of calcu- 
lation should $irect their labors to thew im- 
portant applications.' Abel was soon to 
pass beyond the range of admonition; but 
Jacobi, in a private letter to Legendre, pro- 
tested that the scope of the ,science was 
not to be limited to the explanation of 
natural phenomena. I have not quoted 
these extracts by way of even hint of re-
proach against the author of such a wonder- 
ful creation as Fourier's analytical theory 
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of heat; his estilriate could have been justi- 
fietl on iz merely historical review of tlie 
circumstances of his own time and of past 
times ; and I arrl not sure tliat his estirtlate 
has not its exponents at the present clay. 
Rut all history shows tliat new discoveries 
and new rrnetliocls can spread to issues wider 
than those of tlieir origins, and that it is 
almost a duty of human intelligence to 
recognize tliis possibility in the domain of 
progressive studies. 'I'lie fact is that mathe- 
niatical physics and pure rtlathematics have 
given much to each other in tlie past and 
will give much to each other in the future; 
in doing so, they will take Iiarrnonizecl ac- 
tion in furthering the progress of ltno~vl-
edge. But neither science must pretend to 
absorb the activity of the other. Tt is al- 
most an irony of circumstance tliat iz tlieo-
rem, initiated by Fourier in the treatise 
just mentioned, has given rise to a vast 
amount of discussion and attention, which, 
~vhilc of supreme value in the develop~rlcnt 
01 one branch of pure mizthematics, have 
hi the~to offered little, if anything, by way 
of izddecl explanation of natural phe-
nomena. 

Perhaps the rrlost surprising is the appli- 
cation of mathematics to the domain of 
pure thought; tliis was effected by George 
Boole in his treatise ' Tiaws of 'I'hoaglit,' 
publisliccl in 1854; and though the tlevclop- 
rrlents have passed consiclerably beyond 
Boole's researches, liis work is one of those 
classics that r11arli a new departure. Polit-
ical economy, on the initiative of Cournot 
and Jevons, has begun to employ symbols 
and to develop tlie graphical methods; but 
there tlie present use seems to be one of 
snggestive recorcl and expression, rather 
than of positive construction. Chcrnislry, 
in a modern spirit, is stretching out into 
rrrathematical theories; Willard Gibhs, in 
his rrlemoir on tlie ecluilibriilm of chemical 
systems, has led the way; and, though his 
way is a path ~vhich chemists find strewn 
with the thorns of analysis, liis ~vorlc has 
renderecl, inciclentally, a real service in co- 
ordinating experimental resillts belonging 
to physics and to chemistry. A new and 
generalized theory of statistics is being con- 
structed; and a school has grown up nrhicl.1 
is applying them to biological phenomena. 
Its activity, ho~vever, has not yet met with 

The century that has gone has ~~ritnessecl thc synlpathetic good-\\rill of all the pure 
a wonderlul development of pure mizthc- 
rnalics. The bead-roll of names in that 
science- Gauss ; Abel, Jacobi ; Cauchy, 
Riemann, Weierstrass, Ilermite ; Cayley, 
Sylvester ; Lobatchewsky, Lie-will on only 
the merest recollection of the work with 
wliich tlieir names are associated slio\v that 
an age has been reached where tlic develop- 
ment of human thought is deemed as worthy 
;r scientific occupation 01the human mind 
as the most profound study of the phe- 
nomena of the material universe. 

'I'lie last feature of the century that will 
be mentioned has been the increase in tlie 
number of subjects, apparently clissimilar 
from one another, wliich are now being 
nracle to use rrlathematics to some extent. 

biologists; and those who rern~mber the 
quality of the disciwsion tliat tooli place last 
year at  Cambridge belween the biometri- 
cians izncl some of the biologists will agree 
that, if the new school should languish, it 

.will not be for want of the tonic of 
criticism. 

If I have dealt with the past history 01 
some of the sciences with which our section 
is concerned, and have chosen particular 
epochs in tliat history with the aim of con- 
centrating your attention upon thclrr, ynu 
~vill  hardly expect me to plunge, into the 
future. Being neither a prophet nor the 
son of a prophet, not being possessed of the 
Imo~~~ledge~vrliich enabled Flallcy to don the 
prophet's mantlc with confidence, I shall 
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venture upon no prophecy even so cautious 
as Bacon's-'As for the mixed mathematics, 
I may only make this prediction, that there 
can not fail to be more liinds of them as 
nature grows further disclosed '-a declara-
tion that is sage enough, though a trifle lack- 
ing in precision. Prophecy, unless based 
upon confident knowledge, has passed out 
of vogue, except perhaps in controversial 
politics ; even in that domain, i t  is helpless 
to secure its own fulfilment. Let me rather 
exercise the privilege of one who is not 
entirely unfamiliar with the practice of 
geometry, and let me draw the proverbial 
line before indulgence in prophetic esti-
mates. The names that have flitted through 
my remarks, the discoveries and the places 
associated with those names, definitely indi- 
cate that, notwithstanding all appearance 
of divergence and in spite of scattered iso- 
lation, the sum of hunian knowledge, which 
is an inheritance common to us all, grows 
silently, sometimes slowly, yet (as we hope) 
safely and surely, through the ages. You 
who are in South Africa have made an 
honorable and an honored contribution to 
that growing knowledge, confipicuously in 
your astronomy and through a brilliant 
succession of astronomers. Here, not as 
an individual, but as a representative officer 
of our brotherhood in the British Associa- 
tion, I can offer you no better wish than 
that you may produce some men of genius 
and a multitude of able workers who, by 
their researches in our sciences, may add to 
the fame of your country anti will con-
tribute to the intellectnal progress of  the 
world. 

This is a continuation of the monographs 
of the moths of the world, of which Vol. 111. 
was noticed in RCI~:NCJL,N. S., XV., 99, 1901. 
A iiotice of Vol. IV. will be found in the 
Canadian Entomologis t ,  XXXVI., 27, 1904. 
Volume V., now before us, consists of 634 
pages and treats of 2,073 species of Noctuidze, 
comprising the subfamily T-Taderliii~. These 
moths have unspiued hilid t i b i ~  and hairy 
eyes, and are familiar to us under the rlaine 
MamesLra and allies. But these fsn~iliar 
names are again largely changed, unavoidably, 
no doubt, but we fear that the changes are 
not permanent. Even if subsequent authors 
can be induced to respect Sir George I-Iamp- 
son's selections of the types of the older 
genera, we doubt if he will be generally fol- 
lowed in defiiiing no genera on secondary 
.sexual characters. This is dolie generally in 
other families of Lepidoptera and the char- 
acters prove very useful. We think some of 
the genera as used in the volume before us 
would stand subdivision, Polia, for example, 
which contains 209 species. This would save 
the old genus ibIamestrn, which now sinks as 
a syiionynl of Polia. These remarks apply to 
the other volumes as well and are a criticism 
on the general system adopted. I t  is not to 
be expected that the system could be changed 
during the progress of the work. 

'A number of our North American species, 
particularly those seceiitly described, sink as 
synonyms. This is mostly perfectly justified, 
as there has been a tendency recently to de- 
scribe too many forms as species in the Noc- 
tuida3. This tendency has received a just 

. rebuke. 
On page 24, Xcotogranzma is marked as a 

'new ' genus, no doubt by an oversight. 
On page 178 all the forms of comis and 

olivacen fall together into the synonymy. I 
A. R. FOR~YTII. believe this is going a little too far, as I think 

- there can be distinguished two species, though 
SCIEA-TJPJC BOORS. closely allied. Otherwise my contention about 

Cc~taloyue o f  Lhe Lepidoplera P h a l c ~ n c ~  these forms is sustained. ,i n  the  
731iti.sh Museum,  London.  Vol. IV., Noc- On page 267 the name Chabuata  velutilza is 
t n i d ~  (part), 1903; Vol. V., Noctuidz (coii- used. I t  should be Ghabuata lutina.  V e l u -
tinued), 1905. By Sir Gconcr;: F.~IAAII>SOK\',t i n a  was preoccupied when described and the 
Bart. author very propcrly chaiiged the name. The 


