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and Icettle rivers, ill Rlinnesota, where the Kemee- straigl~t. I appl~eclto Mr. Ed~nands,because mathe-
riawan bet], are identic,il i11 all respects, even to tlie matics is not Iny t i~ch;ancl 1now have the pleasure 
occLu,rencc of interbedded porpl~yry-coiiglomerntes 111111 for tlie very Icincl a t t e i ~ t i o ~ ~of tlianlting lie has 
and cupr i fe~oi~samygdaloids, wit11 t l~oseof Icewee- given this inatter. STCDGWICL~CI-IART,ICS J~IXOT.  
naw l'oi~it. Bostan, *\pril 24, 1883. 

As to the Animilrie qroup, I have only to say, that  
I have not asserted its itlentity wit11 i h e  so~calied 
ITaroniaii roclts on tlie east sliore of Lalie St~pe~, ior ,  As J. E. II~~ndricltsremarlis in SCIENCEof April 
spoken of by 3!r. Selwyn, but ~ilerelyits probnble 
identity \vitIi tlie original I l~lronianof t l ~ enor t l~  
shore of Lnbe Huron, wliicli neither C nor 311'. Sel-
wyn liave scm,  a l ~ dits certain ide~ilit]wit11 tile iron-
bearing schists of the soutli sliore of 1,:~keStiperior. 
T l ~ eterrii ' fIuronian ' lins been so cliffereiltly nsecl by 
different niembc~,.;of llie Canadinn geologic.~lcorps 
since the first establislin~entof the svste~n.t l ~ a tmuell 
doubt liluit still remain as to tvliet'iler tliere are txvo 
sets of srliistose roclis i iort l~of 1,alte Superior, or 
not. This niucl~,ho\\~evcr,I regard as certain ; viz., 
tliat the flat-lying Aniiniltie rocks of Tli~ulderBay 
ant1 nor t l~eraAIinnesota were once cont in~~onswit11 
soiize of tlic folded scl~istslying norlli of them in 
northern Illinnesota and Ca~iada,- the Vermilion 
Lalze iroii-bearing scli ist~,for instance, -altliougli 
now sel)arated from by belts of gneiss nlitlt l ~ e ~ n  
grallite. Tlie litl~ological differences between t l ~ e  
j\nin~il<icroclcs alltl t l ~ efolcled scliists arc oftell more 
apparent than real; wl~ile,in 111:~liyres!~ects,there is 
a-?cry close litl~ological1il;eiiess. I IoGver ,  I tlo not 
expect, ancl illdcecl liavc no right to expect, acquies-
ceilce in 11iynovel position b-23 to the iiiliniiltic 1.oclrs 
until tlre eviilence I Iiace collcctetl lias been pub-
lishetl. I an1 coiifident, that, nit11 tlic evidence t l ~ a t  
I now have, in his lianda, JIr. Seln~yn~ v o i ~ l da t  least 
thirili tilo rriattpr wort11 loolt i~~gi i~ to .  

\Vitli regard to tlre occurrellce trf volcanic ash in 
tlic #e\vcei~am series. I 1n11staclc~~owlcdccat once. 
that. so far as ficitl-esi~erieilcecioes. 111.-Selmuu is 
far Getter equippecl tliaii I to judge: oisucli mate;,ials, 
and tliat, not liaring see11 Alicl~ipicoton Isla~ltl,I an1 
bound to accept llis st;Ltclllcllt, 1luldcrstootlllis first 
letter to illdicatetile occLu.rcllceof sllch asll ill l,laces 
wllicll I lnvself seell. ~ ~I bear ill 
mind tliat a consitlc~,ahleacliool of IS~iglisligeologists 
has been lolls in the habit of calling alriiost ally dc-
trit:tI rcrclrs,-not di~tinctlyqnartzosc aiicl associated 
wit11eruptive roclci4,volcc~nicclsi~,n l ~ e nvery often, at  

13, p. 278, '' L11ecllance that the first-born male ~vil! 

pair n'ith tlie first-born female is as one to ten ;" b ~ ~ t  

Dr. Xinot's a ig t~mentin SCIENCEof Marcli 10, p. 

l(j5, clepentls upon " tlie probability of both parents" 

being lirst-bor11, as stated at  the beginning of tlie last 

~r : i r : i~ ia l~l i  If we first restrict the case to
on 11. 165. 
t l ~ coft'sl)ril~gof first-born n~ales,the cliance that both 
~ ) a r r ~ i t s  Butwill be first-born is eviilently one in ten. 
i11tlie ren~ainingninety per cent of tlie race there 
~voulclbe 110 case of botli parents being first-born. 
'l'nliing t l ~ erace as a ~v l~o lc ,  pairs,out of olie li~uidred 
one pair wo11lc1 be botli first-born, nine woultl have 
t l ~ emale only firsl-borll, nine tlie feniale only, and 
eighty-onc (9x9)neitlic~'inale nor female first-born. 
Tliis docs riot touch the question ~vhetllerDr. Xinot 
is justifiecl ill giving no wciglit to tlie eigl~teencases 
in a lll~ndred,jvhere only one inclividual of t l ~ epair 
is first-born. J. Rauxerr. Enar-kxns. 

(!ambridqc, . \ p ~ i l18, 1883. 

l'lace the ten females i r ~a row, and tile ten 
rnales opposite t l ien~,\\'it11 the 'first-born' oppo-
site eac11 otlier. 'I'lie ten males are susceptible of 
1 X 2 % 3 X 4 X 5 X (iX 7 X 8 X 9 % 10 pc~~mutations, 
each of wliicli furnisllcs a distinct systc-in of pairing. 
Of tllcse, 1 X 2 X ;: X 4 X 5 X 0 X 7 X S X 9a1.e l~ossi-
b l ~w i t l i o ~ ~ ttlisturbing tho jnstaposition of tlie first-. 

11orn. Tlie chmice of their pairi~rgwill tl~ercforebe, 


I X 2 X 3 X 4 X , j X O X 7 X S X 9  -~ 

- .  
~ - --

. - I-
~ x a x : ~ x 4 x ~ x G x ~ x ~ x ~ x ~ o1 1 1 9  

as stated by Ilr. IIendriclis in April 13,SCIEKCI<C, 
11. 278. air. Alinot's solotion is correct o111y upon 
t l ~ esupposition that one pa i r ,  (inti izo ~~loi 'e ,wi l lbe~ ~ ~ ~ .- - - ~ ~ 
fol'meci. '1'.u. ill. 

---...-.. -- ..-.--

JtlAIL'Y CLEI1IC UA.XIVI<CL. 

least, tliey miglit lio einil11.y derived by ~~r:~tcr-actiorlT h e  li fc of Jciii~es C l e ~ kBfc~xzcell; tciih ci selection 
fro111t l ~ e i eroclts. l'o>sii;ly thcre is styri~en~isnnrlcr-
stall~iiilgin onr use of the te1.111. AIost of the tletrital 
roclzs of tlie IIoweenaw series arc volcaiiic tletrital 
niatter, in that H~eyhave been derived by \T-ater-
action fr'oin the el.i~ptive,massive roclis of the sanie 
series; b i ~ tI used tile l.erni as applied to fragn~ent.al 
material produced by (lie ~o lcan icactiori itself. I do 
not liilow of any pruqf  of such an  o~.iginill stralified 
material,otllcr tllan tile vesicul:lr cll;n.acter, 
haps collstarit angularity, of the particles, which proof 
I have failed to tintl. 

Tlie discnssion of s~ l eha qucstiorl as t l ~ epresent 
one evidei~tlycannot, lion.cver, be carried on sntis-

in tlie of a jolurlal; I mllst asli 
lily ecie~~tific to defer their j ~ ~ t l g n ~ e n tcoi~fi.'e,~.es until 
my publicatiolrs on this sllbject, Ilow i l l  type, are 
issued. I '  s v l x  

University of Wisconsin, 

A o ~ i ila .  168s. 


Pairing of the first-born. 

As regards the pairillg of the first-born, my calcu-
lation of which c;~lledf o ~t11 Mr. Henclriclcs's criticis~n, 
permit me to call a t te~i t in~lto the following letter froni 
MI.. Edmands, ~~rhicllI hope mill set the matter 

~ ~ C I ' Uli& oiid occc~siu~inlt c r i t i > l g ~ ~c o ~ ~ r e ~ p o ~ ~ ~ l e n c e  

,,,,I a s,Qc(cll (J' ])is con tT i~ l t l i onslo UY
L~~~~~ c ~ alld ~ ~ ~G ~ ~? ~ ~ ~~ j~~~~~~~~ 


Lon(7on, ~ l ~ c ~ c n t i l l n ~ ~ ~& L'o., 1 SS2. 10+ G G B  p.,  

l lort" '~ pl.7 facs1n1'3etc' 


jAJrEscI,EltIcR I was ~ ~ ~
[)or,i ill ~ < ~ - i ~ -
b ~ i r g l io n  tlic 1:3tl1 of June. 1831. TI(: clic?d 

5, 1879. 
T h e  ln tc  I'rofossor 13enjarniii Pe i r ce  orice 

s:,id ill tile ilenrillg of the  t h a l  great 
geo i~~e t l . i c i ens  before(lid tlieir bcs t  ~ ~ o r k  t h e y  
h a d  rcacllccl t he i r  for t ic th  year.  'P'liis c a n  
Ilar(l]y be  said of t h e  mntlletl)atical pllxsicisl; ; 
for t h e  co~ i s t a l i t  accuimr~lation o f  new fac ts  
l e n d s  to m:~lre m:~tul‘e yea r s  t h e  m o s t  fruitful. 
in resul ts  t o  tlic s tndei i t  wlio slill presc2r\-esh i s  
mcntnl  ai id pllysical activity.  Coinliioner Inen 
cloubtless, i n  t ime,  innkc s o o d  t h e  p rema tu re  
loss to the lvorld of a ge'ilus' Those el30chs, 
however.  ill a nati011'~his tory ,  i n  which UlCn of 
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scientific genius live to a mature old age, will 
always be considered important ones. 

Maxwell n a s  fortunate in possessing a father 
who early pcrccired the genius of his son, aiid 
directed his mind toward the stucly of mathe- 
matics and physics. IIe \'as also fortunate in 
s1)ringiug from a race in which ability seemccl 
to be hereditary. The Clcllis ' for two ceiitn- 
vies hat1 been associatccl with all tliat was most 
distinguished in the nol.tllcr11 kingclom, from 
Dr~imnlond of I-lnnthorl~den to Sir T\r:~ltcr 
Scott,. John Clerli, tlie fat l~er of James Clerk 
Maxwell, the snbjcet of the prese~lt slretch, 
s~icceecletl to thc prope~- t j~  of' Xitlcllebie, wliich 
desceiirlecl to 11i1n from liis grantl~nother, Doro- 
tllea, Lady Clerli: Alaswell, :und assn~necl the 
name of &lasnell. It is relatetl of him, that 
he took tlie gleatclst il~tclrest in scicnce, es- 
pecially in practical sciciice. I n  a lctte~. to his 
son. then a t  Cambridge, ~ t l l o  proposed to spcnd 
the Easter holiclays a t  I3irmingharn, l ~ e  ~vrotc, 
' (  View, if jou can. :mnorcrs, gun-makiug mid 
gun-proving, sword-mal~i~ig : L I I ~l~roving,pa-
pier-machi ancl jnl)anning, silver plating by 
cementation and rolling, ditto clcctrotypc, Elli- 
ington's morlts, braziers' \~orlrs by founding 

it 's blue?' His aunt, Miss Cay, was heard to  
remark " that i t  was humiliating to be asked 
so many questions one could not answer, by a 
child like tliat." The  pictnre given of the boy's 
pursuits -his great activity of body and mind ; 
his delight in nature's moods ; his love for the 
dcc l~  brown of the brook, tlie siliftil~g play of 
light on tlie foliage, tlie colors of the wander- 
ing clouds ; his moods of lying on his back, 
watching tlie clouds, ancl ' woi~clering '-shows 
the boy as fatlier of' the man. 011 storiny days 
he reat1 roracionsly every book within his reach, 
or s ~ c n t  his t i r n ~  in clrawing, or inrcnting 
curious coinbinations of' coloi s. The speci-
inens of his early dramiligs show tliat lic liad 
an accnratc e;\ e, wllicll might have inarle him a11 
artist of fair talent. At the age of ten his 
tutor pronoutlcecl liini slonr to lcarn, probably 
j~tdging hi111 113. old scliol~stic iiirtho~ls, whicli 
wcre ill fittecl to bring out tlie child's tastes ; 
and 11is father accortlingly pl:~cecl him a t  the 
acaclemy in Edinbuigl1. IIere the boy, who 
had bcen brought 1113 apiirt from other bogs, 
and had been r~ccustomed to 'gctng 7~isown 
gate ' with youthfnl fancies unridiculed 11y 
the avcrage unpoetical schoolboy, was much 

ant1 by strilring out in dies, t ~ ~ r l ~ i n g ,  persecuted a t  first by liis school-fellows, who spin~~i i lg  
teapot boclies in white metal, ina l i i~~g bnttons 
of sorts, steel pens, neecllcs, pins, and any sorts 
of small ar ticles which are cunningly done by 
subdivision of labor and by ingenious tools. 
Glass of sorts is among tlie morlts of the place, 
ancl all kincls of foundq -works, engine-inabing, 
tools nncl instruments, optical ancl [philosoph- 
ical], hot11 coaiw 311~1 iinc." 

Ris acme of festivity n7ns to go with a boon 
friend to a ineeting of the Edinburgh royal 
society. It is  said I)y tlios:! who lincm 110th 
parents, that the elenle~lt of practicality entered 
very largcly into their 11:~tares. Tlie fine spirit 
of genius, the gk'3t imaginatirc powcrs, wcre 
not especiallj- cviclcnt in tliein. Pcr11al)s if tlie 
father liad hacl the slieeulati\ c mincl of tlle son, 
he might have turned liim toward pl~ilosol,liy 
and literatore. Tllcl possession, in t l ~ c  fi~tlicr, 
of great interest in l~ructical :ind tlscl'~11 pie-
cesscs, doubtless infl~icncccl Ihc son's fiiture. 

A t  an early age i\laswell sliowecl t11:it 1lc in- 
fierited the cnriositj of his f a t l i ~ r  in scgnrtl to 
machines ancl the phenc~inrna of naturo. I t  is 
relatecl, tliilt, m l i c ~ ~  he was tn-o years ancl tcn 
months old, "lic has great norlrs ~ i l hdoor-
loclis, 1i:c.j s ,  etc. ; and ,Sllow Ine I io \~  it cloos ' 
is nerer out of his moutli." Throngllout liis 
cliilcllioocl his coilsta~lt question was, ' \lTliat's 
the go o' that? ' IIe n as especially interested 
i11 colors. 'That  (saucl) stone is red ; this 
(whin) stone is blue.' -' But ltow cl'yc linom 

were amused by his singular clothes and broacl 
accent. IIe gradually made a place for him- 
self, llomcver, aiid cliscorcred that Latin was 
worth learning, and Greek very interesting. I t  
is related tliat lie took the foremost place in 
Scripture biography and in English. I n  arith- 
metic, as well as in Latin, his comparative 
want of reacliness kept him down. At the age 
of thirteen he re~iiarlrs in a letter, " I have 
made a tetrat~edron nncl a doclecahedron, and 
two other hedrons rrhose names I don't linow." 
A t  tliis time lie Iiad not begun geometry ; yet 
lie hacl discoverecl for hiinself tlie llatnre of the 
fire regular solicls, a ~ ~ d  had also constrocted ont 
of pasteboarcl other sg~nmetrical polyheclra. 

IIis sense of huunor is carly apparent. 111 
one of his letters, written a t  tlic age of eleren, 
lie \\?rites concerning his place in tlie class, 
" 'hiking about plnces, I am fourteen to-day, 
but I hope to get u p .  Oriil propllcsies very r\rcll 
when tlie thing is over, biit lately he lias yrol111- 
csied :L victory nhiell never came to pass." 
R e  enjoyecl I\ i iting letters wit11 curious illus- 
trations c11a\~n nit11 pel1 on thc margins, aiid 
subscribed l~imsc~lfJas.  Ales.  Rlchlerlil~vell, 
an anagram of his nalne. I n  one of these 
letters tlieic is the first inl<ling of his poetic 
taste : '' I ~nitcle Sour lints of Latin one mcek. 
. . . But I am not going to try for the prizc, 
as, when I lithp in ~ltimberth, it  ith bnt a 
lithp, for tile numbertl~ do not come. . . . 
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But I am making English ones on the appari- 
tion of Creus:~ to Aeneas. 

"0 father! can it be that souls sublime 
Return to visit our terrestrial clime?" 

The story of his school-years, told in his life, 
is of great interest to t11c American boy who 
has bee11 fitter1 for college at  tlie old Latin 
school in Boston, or a t  the ordi~iarj. American 
academy. Writing Latin verscs h as a mnrBcc1 
featore of tlie acaclemy a t  Edinl)urgli. This 
practice is comparatively nnk~iorun i11 our 
schools ancl acaclemies. 'rhe prescnt writer 
remembers that the subject of gcoinctry was 
finished, so to speak, in the Boston Latin scllool 
in 1863, in about three ~ ~ i o ~ l t l ~ s .  I n  the Scot- 
tish academy the boy's mi~icl was eviclently 
allowed to rest upon the snbjcct much longer, 
ancl he mas stimulated to clo problems of a 
more or less inventive kiild. I t  was said of 
Maxwell a t  the age of fifteen, that, from some 
mathematical principle. he woulcl s tai t  off to a 
joke of Martinus Scriblcrus, or to a quotation 
from Dryden, interspersing puns ancl other 
outrages on langoage of the wildest kind, hum- 
ming and hawing in sl~ite  of P- ; or, in a 
quieter mood, he wonlcl tell the stor1 of 
Southcy's Thalnba, or explain some new in-
vention." This seems to show that the Scotch 
boy had a wicler intellectual atmosphere around 
him than falls to the lot of the average Amer- 
ican boy. Rut Maxwell, i t  may be remarkcel, 
was not an arerage Scottish boy. A t  the 
age of fourteen lie gained the prize for i h g -  
lish verse, for a poem on the death of the 
Douglas, and also the mathcmatical medal. 

A t  the age of fonrtcen he was much attractccl 
to the subject of decorative painting, espe- 
cially to the attempts of those who sought t o  
red~lcc beauty in form and color to nlathemati- 
cal principles, anel often cliscoursed upon the 
Greek patterns aucl on the forms of Etruscan 
nras. The consideration of this s~lbject led him 
to contrive nlctliocls of clrs~winga perfect ovsrl, 
ancl o ~ a l s  in general. His father, v h o  hacl 
watcliecl his son's intellectual clevelopme~ltwith 
s;r-mpathetic interest, took his son's ovds  to 
Professor James 0.Forbcs, of the University of 
Edinburgh, who thought that the simplicity ant1 
elegance of the boy's mctliocl entitleel i t  to 11e 
brought before tile Royal society. I n  the cliay 
of the father mc read. 11. 6. -Royal society 
with Jamcs. Professor Forbes gave account 
of James's ovals. Met mith very grcat attentioil 
ancl ap1)robation generally." From this time 
the boy cviclcntljr stucliccl geometry b;r- the in- 
vcntivc mcthod, to which tlic fatiicr of Mr. 
Herbert Spcnccr has dese r~  eclly called atten- 
tion. 
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Maxwell entered the University or Edinburgh 
a t  the age of sixteen. I t  is said of him at  that  
time, that the originality ancl simplicity of his 
ways occasionecl soinc concern to his conven- 
tional friends. I Ic  liacl a rootecl objection to  
tlie vanities of starch ant1 gloves. While a t  
talnle he liacl an abstiactecl manner, as if occn- 
pied in s t~ ld j ing  the effects of refracted light 
in tlic glasses, or iir cle~ising some curious 
way of viewing objects. IIis aiult used t o  
recall liis attei~tioa by crying, ' Jamsic, yon're 
in a p o p  ' (mathematical proposition). IIis 
teacllcrs hacl formecl the highcst o l~ i~i ionof 
his intellect~lal p o ~ e r s  ; anel his companions 
cnjoyecl his quaint humor, ancl began to all-
preciate his high moral qualities, nrhicli IYerc 
esemplificil by his clccp rcrelence for higlicr 
things, and liis clcvotion to friends and to those 
who mere suffering. 

Betn cell the ages of six1 een anel nirictcen 
he stndied a t  the Unirersity of Edinbu~gh.  
IIis studies were multifarior~s, but he mas 
especially i~iterested in polarizecl light, the 
stereoscope, galvanism, rolling curves, and 
the comparison of solicls. His paper on roll-
ing curves was presentecl to the Edinburgh 
Itoyal society, Feb.  1 9 ,  1849, by Professor 
Kellancl ; " for i t  was not thought proper 
for a boy in a round jacket to mount the ros- 
trum there. " A paper on the eqnilibrium 
of elastic solids mas also presented in thc 
spring of 1850. I t  is related of him a t  this 
time, that he n as regarclecl as a discoverer in 
natural philosophy, ancl a very original worlrer 
in mathematics. I Ie  is said to hare  felt t he  
iml~oitancc of cultivating the senses, and to  
have regarclecl clulness in that respect as a bad 
sign in any man. I t  is curious to notice, that 
he took great interest in the lecturcs of Sir Wil- 
liam Hamilton on metaphysics. The views of 
tlie latter on the inferiority of the stucly of math- 
ematics as a means of clisciplii~e to tlie s t~ ldy  of" 
philosopliy ancl tlie classics, apparent1~- did not 
climil~isli Dlaswcll's interest in the lecturer. 
Tlic editor of t l ~ c  life of &laxwell remarks, in 
icgarcl to Jlas\ \el l ' s  i n t c~es t  in the lectures of 
I Iamilton, This is l ~ e r l i a ~ s  tile most striliing 
examplc of the effect protlr~cctl by Sir William 
IIamilton on 1)owerful j oung inincls, -an effect 
which, ~uillcss the best rnctaphj siciails of the 
subsequent age arc nlistali-cn, ]nust bc orlt of 
all proporlion to the iiiclepcnclciit valuc of his 
philosol)Ily," 

I t  is a noticeable peculiarity of grcat mathc- 
~naticiai~s,that their lattcr years a1.c in11cki 
gircn to mctapliysics. Qith Jlaxwell, how- 
el er, the reverse was trr~e.  Wliile at  the 
Iinivcrsity of Eclinbnrgh, he seemcd to be as 
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much attracted toward the sludy of metaphys- 
ics as toward mathematics, but harclly as much 
as to physics. As lie grew olcler, the stucly of 
physics seemed to him more fruitful than that 
of mental philosophy. 

His methocl of stt~clying mathematics is often 
alluded to in his letters. Thns, in a lettcr to a 
friend, written a t  the age of sixteen, he says, 
" I read R'emton's F l ~ ~ x i o i ~ s  in a sort of waj7, 
to know what 1 am abont in cloing a prop. 
There is no time of reacling a booli better than 
mlien ~ O L Ineed it, ancl nrl~cn you are on the 
point of fillcling it out for yo~~rse l f ,  if yon meic 
able." Again, in another lctter, in spcalting 
o i  the cli~ision of his time : L i  Then I clo props, 
chiefly on rolling curves, 011 wllich subject I 
have got a great problcm cli\~iclecl into orders, 
genera, species, varieties, etc." EIe continu- 
ally talks of cloiug ' props,' ancl apparently had 
a nnlnbcr ~ lpon which liis lniild was coiitinnally 
exercised. R'or nrns his rnethocl of staclying 
physics less suggestire. I n  a lcttcr datccl Glen- 
lair, July 5, 6 ,  1848, we r e d ,  I have regu- 
larly sct up shop now, abore the wash-house 
a t  the gate, in a garret. I have an ole1 cloor 
set on two barrels anel two chairs, of which 
one is safe, ancl a skylight above, which will 
slide up and clown. 011the door (or table) 
there is a lot of bowls, jngs, plates, jam-pigs 
(jars), etc., containing water, salt, socla, sul- 
plu~lric ncicl, blue vitriol, pl~lmbago ore, also 
broken glass, iron and copper wire, copper and 
zinc plate, beeswax, sealing-wax, clay, rosin, 
charcoal, a lens. a Smee's galvanic apparatus, 
ancl a countless ~lariety of little beetles, spi- 
ders, and woocl-lice, which fall into the differ- 
ent liquicls, and poisoil themselves. . . . I am 
lnaliiug copper seals, with the device of a bee- 
tle. First I thought a beetle was a goocl con- 
ductor : so I embeclded one in wax (not a t  all 
crnel, beca~isc I slem him in boiling water, in 
which he liever liicliecl) , leaving his back oot ; 
but he wonlcl not do. Then I took a cast of 
him in sealing-wax, and pressed wax into the 
11ollom, :ulcl black-leaclecl it with a br~lsh ; but 
neitllcr mo~ild that do. So a t  last I took my 
fingcrs and rubbeel i t ,  which I find tlie best 
may to use the black lead. Then it coppered 
famously. I melt out the was  with n lens, 
that being the cleanest ny-of getting a strong 
heat:  so I clo most things with it that need 
heat." He was busy a t  this age with espcri- 
inents on polarizetl light and on colors '!1 
have got plenty of unailnealed glass of cliffer- 
ent shapes ; for I find winclom-glass will do 
very well, made u p  it1 bundles. 1cut ont tri- 
angles, squares, etc., with a cliarnond, about 
eight or niuc of a liincl, aiid take them to the 

kitchen, and put thein on a piece of iron in 
the fire one by one. When the bit is  reel-hot, 
I drop it into a islate of iron sparks to cool ; 
and SO on till all are clone." 

The years he spent in the University of Edin- 
burgh were full of what inight be called original 
work. He stucliecl uncler l'rofessor Forbes and 
Professor I<ellauil, ailcl worliccl, without any 
assistance or pl~ysical and supc~rrision, ~ ~ i t l i  
cl~enlical apparatus. " 112 1850 he left Edin-
burgh for Peterliouse college, Cainbridgc, and, 
after a short residence in this college, lcf't it  for 
Trinity, ill tllc cspectatioii tliat the larger col- 
lege ~~-oulcl affoicl ilini arnlsier opportunities for 
self-il~lprovement. HIis tutor s s~ js of liim i r ~  
1853, " I t  appcnrs impossible for AIaxwell to 
tllillli incorrectly on 1~1iysical s ~ h j e c t ~ . "  I Ie  
loolrecl upoil lliln as a grez~t genius, with all i ts  
eccent ricitics, aiid prol~llesicd that one clay he 
wonlcl shine as a light in physical science. 
This iinprcssioii was shared, aypareiitly, by 
stnclents mho were the friends of' &Iaxnrell. IIe 
seelnecl at this period to be in grcat spiiits, 
aild to thoroughly enjoy his college-life. A t  
no time a narrow specialist, he oyened his 
mincl, while at Cambridge, to all the intellec- 
tual influences of tile place. IIe becamc one 
of the club known as tlie !Apostles.' H e  
sought the society of classical men as  well 
as tliat of the mathematicinns. His progress 
a t  the university was matched by his father 
with keen ancl syinl~athctic interest. I n  a 
letter he writes, Explain tlie penclulum e s -
periment to Ine. You usecl often to speak of 
the retarelation of the rotation of the earth by  
the friction of the tides. \lT1~atis the phos- 
pliate of lime theory of mciitul progress? " 
Ancl again : L '  Do J ou lilw tile trig. lectnres 
A ?  Tacitus is not new to you. His style 
must be corige~~ialto a cleep, half-sentence 
lecturer. You seein to ha \e  great gayeties 
with college parties with scientific dons. I l o  
JTOLI take note of Stokes's experiments on the 
bands ol'tlle spectrun~? Will they be s~iitable 
for repetition in the garret of the old house?" 

The intimacy of the father and son, touched 
~1301-1here ancl there in the life of the son, was 
a beautiful one. Maxwell's ilature was capa- 
ble of grcat clcvotion, :ind his feelings were 
exquisitely sensiti~lc to Irinclness. His love for 
animals mas but one expression of this abun- 
dant l ~ ~ ~ i n a ~ i i t y .  'I'lle etlitor of his life says, 
" I n  the antumn of 1830 the neighboring estate 
of Upper Corsocli hacl l)een let to n shooting- 
parly, one of wlloin remarliecl to me, wlint n 
pity it was that young N r .  Clerli Alaxwell mas 

SO little suitcd for a country life.' 1clearly 
recollect his look of exlilting mirth when this 
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was repeated to  lli~ii. . . . 'I'll(, ~ r ~ o ~ a l  1860 lie presented a paper on l ~ e i i ~ o u l l i ' s  of 111eory 
TVordsworth's IIart-leap ~17~11 was not so innch 
n principle as  a n  illstillel with hiin. I reinem-
ber his once speaking to lrle of tire sn!3,ject of 
virisectioil. I l e  dicl not conden111 i t s  use, slip- 
posiiig tlie incthocl t.ould he shon-11 to be frnit- 
ful, mhicl~ a t  that  time he cloubtctl : 1)ut Lcouldli't 
d o  i t ,  jou kilo\\ .' 11c :itldecl, n it11 :I e.s e ~ i s i t i ~  
wistful look, not easy to  forget. " 

I n  Ilis tweiitj -lii-st 1car his poetical side :uid 
religions side for~nt! X I  cater esp~,ession t1la11 

of gases to  tlie British associatioll ; in  186%me 
find h i ~ n  e11g:iged ~ r i t l ~  others ill ileteriniili~lg 
.the electrical r111it of resistance ; 11e TI~RSalso 
occupiecl upon ail iaveitigation of' tlie ratio 
hetneeii tile electroi~~agiietic and clcrtiostntic 
~11iitsof clectricilg- ; niid liis great noi.1; OII cieca-
tricity N I I C ~  1n:~gileli9ilin :IS ill progi'esy. I Ic  
speahs i11 his l e l t e~ , i  of n-nrling t l i ~ o u g l ~  thc 1101lis 
of b;erii~:u~ matheln:itical \T liters, ant1 of' tire 
c:neful study of' the results of E:ir:~clnj. Tlib 

before, a11rl his grcnf itreilgtll ill m:itliei~~ntic~s il~tercom.scn it11 tlic Iattci 11as of' t h ~  plcnsnnt-
niacle itself felt. I t  i i  rclated that Ilc often est c l~amcter .  
shortened tile lony t~ nil1 of a ~ l a l j  sis of the l ~ i t o r  011 one occ:tsion lie I\ a5 n cdgecl in  21 cio\b ti 
by  g i ~ i n g  :I s1io1.t gcoirictrir~nl solatioli ; antl. t r t te inpt i~~glo cicnpe fiom tl~cb lertu~c-tlie:itri. 
~1 heriel er the ii11)jrci :i:lmittc'tl, he h:lcl recotuse of tlie Ro\ a1 i~ i s t i l i~ t ion ,  11ilc~r lic was per-
t o  cli:l:~arni r:ltllcl. tlin~: to nu:iljsii. Akt the cei\ c~d111 Icaratla> ,n 110, xllu~liiio to  31n ~ w e l l ' i  
age of t\j c.nt> -tn o. 31:1x\\ c ji ) \ as  *i.co!itl Tvlnli- r\ o ~ l c  ainoiig thc. ~nolcculcs. :rcroslctl liii~i in  
glcr, I<outli lxing 5e11ioi. : :111ti X o ~ i t l ~  a i d  Alas- t111s \T i5e :-
~1 ell n e ie  tleclai cil cq:::~! 2- hillit11 s J ) ~ ~ L ~ I I I C I ~ .  II' :r i l l110. J1:iun ell. cunliot )on  g( ' t  oirt i 
A t  this ngc n e  ii11t1 lri~il spec111:tting upoil 
elcctiic.it~ aiid iii:~::l~(~ti-i~?. 'r~gnged ill :LIIC[ 

researches oil c.oloi. 
A t  tlie :rge of t \ \ cn t ,~  -li\ c , i lnx~\c.11 17 as "1)-

poir~ted l~rofessor of nnturnl phi losol~l~\  :it 
l \ f ,z~iscl~alcollege, A!>t>~ilc,eii. At  Lliii 1)eriod 
of his life lie began 11is pai)cl 011 the s t r n c t n ~ e  
of S ~ t l i r i i ' s  rings. I I is  letters a t  this 1)eliocl 
are  e s t r e n i e l ~  s u g g c s t i ~  e. 'L'he clcntl~ of liis 
father, anii liis eng:rgeu~ci~tto 31iss Y>cn.ar, 
claughter of Priiicil,nl I)el\ ar.  g a w  a cliarnc-
teristic colorii2g to  tlicnl. These grcat  cvc,nts 
i n  liis life lind a l)owerSnl infl~reiirc 1113011 his 
s~eculntiolis.  PIis i l ( l~ otio11:ll side fulind full 
esprcssion : :ulcl the s t r ~ t l ~  of ethics niid mct:r- 
pliysics see~ilcd to be 51101igl ~o~l t ro l le t l173 
that  of science. 

I l c  m i t e s  n f ~ e r  llii eiig:~gement. -
'' 3 1  lines arc so p1e:ii:iiit to  Inc th:it 1tliiiill 

thnt e \ e l ~ l ) o c l ~  o~ig11t1 0  C O I I ~ C  t~ me to cxattal~ 
the  infcclion of li:~pl)ineis. Tliii  collcge-~vorli 
is  n 11:rt I :lijtl illy father loolled forn-nrd to  fol 
l o ~ l g; a ~ i i l  I filid \I (l v e l e  1)otli rigllt. -tll:it i t  
was the tllino for :lie to clo." 

'> 

I n  llw snnie letter. Ilc rt.ili:lrlis, --
L ' lI r a ~ e  ol~ser\.ctl t11:it tlic 11r:ictic:il calti- 

vators of SC~::IICC (e.g..  Sir J .  IIcrsrIiel, Fnr-  
ad:ry, Amp're, Oerstccl, Sen-toll. Yoiuig) , 
altliougll dif t i?r i~~g in 1111'11 of ini13i1, e ~ c e ~ s i v c l ~  
have 311 a distiiictriess 2nd n f i~ee t lo~:~  li.0111 lllc 
tyianny oi' no ids ,  in  ilcaliilg nit11 q:ici!ioirs of 
o~ tler, Ian . ctc . ,  ~vliic1i 1)111e sl)ec111ators and 
literary m t > n  11c~e1 attain. ' '  

T h e  period oi' Jlasn-ell 's lif(3 e s t e ~ l d i l ~ g  
from t n e ~ l t j - n i n e  t o  Ihrly m:is veiy lit11 ill 
inte1lecta:rl n o i k .  IIis calca1:itions tipoll the 
character of S a t u i ~ i ' s  l ings lei1 liiin t o  specs-
late upon tlic 11lo1ecul:tl t l l eo~y  of' g:tzes. 111 

111311 call lint1 l i i ,  n XJ tliroiigli '1 c ~ o nd.  it ilioultl 
I)e you." 

Tlie iiiiiocilt e of P':rr::tln~ 's ii~?c~llcctri:tln~et l i -
ods of tl~oiigllt cnn be l)l:iinlj trnccd ill Nay-
TIell's 1:itcr I\ I itings nl~oli e lec t~ ic i t j  . So oiie 
call 1ult1c.i st:i~ltl ; \ l n s ~ \  el175 i~itellcc~tnal gron tli 
a t  tltis tiine vllo lias ilot re:iti his ercnt tr<~:rtist~ 
OII c lectr ic i l~ :rnd ~ i~agne t i sn i .  I n  this I~ooli aicl 
ewbotlicd t11e i.esnlts of loiig :111d c o ~ i t i n ~ ~ e d  
stilcly of tllc ohse~vcd  13hcilo11ien:r, and oS tlie 
best ~iietlioils of inlciprct i~lg tlieili b~ ~iiatlie- 
matican. I n  this t ~ c n t i s c  one ran Eliitl liis elcca- 
troinagllctic thpory of light, 111)o:l \~-liicli 11e 
s l~ci i t  much tl~ouglit  d ~ u i i i g  this 1 ) ~ s ~  pcriorl of 
liis life. 

111 I S70 lie J\ :IS aljl~oilitcd tlircctor of tlie 
Ca\ cntlisli ph j  4cnI Inbora to~y  a t  C'ambrige I) \ ,  
tile c u ~ r s e n ~ l ~ s  1ile1111l ~ o s cof e i n i ~ i e ~ ~ t  acl1 i re  h : ~ l  
hecii :tskccl ill rcgnicl to  tlic best ii la~i foi t l : ~  
position. 1,ortl l i n j  lcigli. n 110 s~lcr i~edct l31a1-
11ell ah tlii.cctor, wrote to 111111 : i t  this liiiie, --

%,

you ~voultl colne . . . ' \\ 'l~alis ~v&tet l  1,)- lilost wllo 
I ~ I ~ O T V  lccturel,anv tliilig alinut it,, is 11c1tso inucll i~ 
as a. ~natlrc~n:ilici;tnn~ho lias a c t ~ t n ieqii.i.ic.llce i l l  

esperii!rei~tirig.slid wllo niigl~t tlirc%ct t,lie e~~eryicsof 
tlie youilger i't~llows anri b;~clii.lors i l l t o  a proper ehnn- 
e l  . . . I11opeyou m a y  bc i~ idncedto coil~c: if not, 
i tlca'l Icilon- n.1lo i t  is to be." 

l\laswell, ill a lcttcr t o  llic ricc~-ch:rnccllw 
of Cain!)riilge3 es l~ i~essed  the opliiioli that  tlie 
' : s1)cci~lr e s i . ~ r ~ I ~ ( - ' s  ~ ~ i t l iC O ! I I I C C ~ ~ ' ~  Iicnt, wliicl~ 
11 thi~ili  inost i l e s e r v i ~ ~ g  o:' our e for t s  tit t'li(: 1)res- 
e ~ ~ ttliiie, :ire tllose relating t o  tlie clnstic.ity 
of' bodies, n~icl. ill gci~cral ,  lliose wliicli throw 
light on their nlolecular c o n s t i t u t i o ~ ~  ; autl the 
most iml~ort:l~lt  electrical rescn~.cli is l l ~ e  de-
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tertr l i l iat io~lo f  t h e  i i i : tg~~itucie o f  ccrtairl clcctric 
quant i t ies ,  a n d  tlieil relations to c:rch otlier " 
T h e  Cnreliclish i , hxs~ca l  l a b o r a t o q  1)n i  not 
o p c ~ l e dun t i l  1874, l \ lnsmell  d ied  i n  18i!). five 
ye:irs la ter .  I n  th is  sho r t  tern1 of' ofice lic left  
t h e  impres s  o f  h is  gc.niu3 upon t h e  sc.ic,ntific 
worlr of Caml~r idge .  Mil Will ialn ' ~ h o m s o n  h a s  
s a i d ,  " Tlrc lc  is, inclc~c~el,n o t l ~ i n g  sl iort  o f  a 
rcvivnl o f  1)Ii) sicnl sca icnt~  a t  Carribi~idgc witli- 
in t h e  lniL fifteen j c : i ~ s ,  :incl th is  i s  largely d u e  
t o  AIas~vc~ l l ' s  i l~ t lu rncc ." \Ye ha\ e sttitl tliztt 
no o n e  can tlloroi~gl~lynpprcci :~le  t he  gel~i r rs  
of tht. Inail ~1110 has  no t  ~c'a(1 l i i i  t r c : l t i~cs  011 

elct.tricity, o n  heat, alitl llis \ 211iuus essays ,  
which a r c  soon to b e  collected ancl 1)ubliqhed. 

I-lis life. with i t s  g r e a t  express ions  o f  lever-

erlcc for  liighcr t h ings  2nd its i e spec t  for  t r u c  
scientific work,  i s  o n e  to pondc r  orer ; a n d  liis 
co r r e spo~ idenc ris l i c h  in  litc~l.arg suggesliou,s, 
aiicl en l ive~~ec lh y  t h e  play o f  humor .  I t  n i l1  
a lnwys be  a source  of gratif ication to A l n ~ c l i -
cxlrs to knon, tlmt tile -2mericnn academy o f  
arts ancl s c i e l~ccs  rund tlic. Alliericnn l)llilo-
s o ~ l i i t ~ n ls o ~ i e l j  were  tlle fii7st of t i le fo lc ign 
sc ie~l t i f ic  societies to clect  A l n ~ n c l ln foleig11 
l io i io~:LIT i n e i n l ) e ~ ~ .  

TPI5'EICL Y XU111:7dAR I? OE' 1'FfE P 12 O G2ti7ASS7 OY AS'C'ZE'LI~CB. 
ItTATEEMATICS. 

T h e  polar cluadrilateral,-(;ivc,I1 a, illl(la 
quatlraligie: llle fitre l~,lntlri]atcl.~lls got by taliillg

t,lle poies its verlices, or tllc l,olc of one vcl.tcx nntl 
lirles jOiiiillg tile otl,rr tllree, qll:ltlrii;lt-

erais sucll tllat collics ci,.clllcscl~i~,ing tlleir tlingollal 
triangles osculate tile collie ill the sxllle six 
points. S. I < ; ~ ~ L ~ ~gives ;I geollletrical proof of tllis 
tileorern by sllowing tllat tile lloillts ill lvi,icll :i 
conic inscl.ibed ill a quatlrilalr,r,zl can be made to 
t,ouch the given conic are the same for tile five quad- 
rilaterals, and t l ~ a t  any one of the triply infinite num- 
ber of conics mith res1)ect to mlticll a fixed yuadrilat- 
era1 is polar osculates other conics of the system in 
the swnle s is  points in ~vhicli it is touched by conics 
inscribed in the quadrilateral. IIe poi~its out an  
application of tile latter property to l l ~ e  deteimina- 
tion of the points of inflection of tlie tulicnrsal ~lnartic 
obtained by a quadric transformation of the conic. -
( J f i t / ~ .cru ia . ,  s s i .  290.) c. I,. I<., (754 

Theory of fullctions,-rlylc secorl,l of a 
paper by ~  l ~treats, of  silrglt? ,-a)ne,l f l lnc- ~ ~~ 
tiolls Tl.itll I IOll - i l l te l .C~lal lRea~leperiotls. lt i s  l lot  
convelliellt llcre to  do tllall rc.fer to  tlli.; 
pel., as a of it call ~be ~ ~~ ~ n.illlor,t 
illtrodncing gooildeal of algcbraicn] Tvol.]i, ~ ' 

lloTVever,as i,l~rot~Llcil,gcertxill l l o , l l ~ e rof 
new all(l interesting idcas, is dccideclly wortlls,of corl-

tlte merr~irra~rc\rit11 a. ti~niiig-fork by lttearlr of 
thrcail, attaclii~ig t l ~ c  tlire:~d to tlie n1elni)r:tne \vith 
sealing-was. Tlio iiodes :illti loops Tvcre d(>tellllillcd 
in the 11sual manlier by tile use of smici and Iycopo- 
din"] powder. Thirty ilifferent fo~ l t s  weri2 usctl, arid 
a great vcwic'ty of ~ ~ l e ~ ~ ~ b r a ~ i e s .Tlle soui~tl-figures 
~ h o w dZL ara(1n:~l c l l a ~ i ~ c  from o11c 11iode of ribration 

to anotller as thr? pitcl~ of t l ~ c  forlc IWS clin~iged, 

t l ~ u sverifying tllc rcsult,s of Sayart. - ( B e i b l .  nniz. 

l'h7~s.chel~r., No. 2,  1SS.d.) (2. It. c. La57 


Pho tog raphy  of sound-vibrations.-- 1:oltzmann 

has stntlietl the vibrations of a plate actuated by the 

voice, using a nletl~od sii~lilar in nrany 1,espccts to 

that ernpioyecl severill y e n s  :\go by I'rof. BIalie of 

l'roviclence. A tlliii plati~illiii 111:~te n-as at.tnched 

~erpe~rclicularly
to the iron plate; and, by an applica- 

tion of the principle of tlie pllotol)ho~~c, 
i t  was s1iow11 
to vibralc in tlle same manner as the iron plate. By
means of a solar microscope, an image of the shndo~v 
of tlie platinum plate was tllrown npoll a screen, tlle 
straight bounding-line of tlie shadow being eo~~densed 
by a cylintlrical lens. The screen was then replaced ~ ~ b ~ ~ ~ ~ ~ 
by a sensitizetl plate, n~oved ~ap id ly  a t  right ar~glcs to 

the line of light produced by tht: cylindrical lens, wlrile 


l l ~ The
tile iron plate X V : L ~  nlade to vibrate by tlie voice. 
1bo~iilt~i~ig-line~ ~ bet~veen light and s h a t l o ~  011 the plate 
for~netla curve wliosc, i ~ i ~ t u r e  varied accordi~lg to the 

s n ~ ' L "  ultered. 'Ylie curvcs clue to tlic vonels are 


sideratioii. - (Jlalh. ctn~iwl., x s i . )  T. u .  ~ 7 5 5  siinplc; t,liose clllo to consonants, iiiucll more cornltles. 

I m p a c t  of billiard-balls.- hl. I:ckal 1r:i.i gciie1.- - ( P / ~ i l .I I Z L I ~ . ,Iceb.). c. 11, C. 1758 

alizetl so~ne  of tile results ol)t:ii~ic(l 1)y (:nr.ioiis in liis Optics, 
l'/!Eoi.ie iliinl?lti~licties (:ff?'tst7rl jcli tle bi1lai.d. Corio- Collditiolls of s ight  w h i c h  a f f e c t  a c c u r a t e  
lis ilas coi~sitlci~ecl shootillg. ~ , , r l l i e r lytile sigllt of a, so]t[icr as re-the tn.o lialli :ts Ilciiig lioniogencol~s, 
arid l)o.sesaiiifi iilcniic;~l l>rol~ertios i l l  every respect,, gards slloot,illg ,vas a 111nttcr of lillln c(liisidcratioil; 
11.r\esal t:llif?~ accfl~llit of l l~ i ;Si i ) i~  in the ],nt witll llle ill~roi~llct,ioll t,llc i\[;Li.(illi-ilcll~.y ~11(1tiiffererlces 
Inasses of the two b:lils, alitl in tl~cir, ~ r i o ~ ~ i e ~ i t s  otllcl. rifles, ,7rlljcll :ll.e iLeeIlra~c I~~I:()yal,i\s, so~nld  of 
inortin wit11 1.espeet to a d i a~ i i e t e~~ ,  eyi;sigrlL bccolncs all i rnportnll l  elclliclit. 1)r. Litt1111 - two 1)rol)ertics 
!vhicli iiligltt i~ile~.fei.e ve1.y scl.ioiisly wit11 tlie play of ~ ~s,l~~c~Oll-lll:ijol.~ l ill tile ~ ~ : ~ ~ 1 : ~ 1 1  ~ ~ ~ ,,y:ll., d i ~ ~ l ~ s s ~ s  
eTel1 a skilflll 1)1:iycr. Olle of t,he ~ ~ r i i i c i ] ~ : ~ l  tllc vai.iolls cilaliges laltillg lpl;lce ill tile c?yc: 1,y \vhich rcsulls 
0T~taint:d by ;\I. Ilcaal is, that, (l[~i,iilg t,lic i i~st: i~lt  of tile sigllt is :lffecteti, a l l r i  pl.oposcs correct ticfcctive 
iml)rtct, tlic tlil.cctioll of the frict,ioi~ is not co~~st:&llt. riSioll by lllcaus ola s~cllc,ll;leic '1'11iss i ~ l l ~ . a t ~ j ~ ~ s ~ : : y .
Tile c011lr:iry \TT.~%s l)y Coriolis. - (C0lllllf,e8R S S I I I L ~ C ~ ~  
~ e i ~ d u s .Oct,. 16, 1882.) T. c .  1456 

PI-IYSICS. 

Acoustics8 
Vibra t io i l s  of membraaes.--A. l3ls:~s lias stad- 

ied the vibratioiis of botli square and circi11:lr Ineln- 
braues, esciting tho111 by conncct'ng tllct l~litltlle of 

collsists of a ,lisl; of colorctl gl;lss, perfilratecl ~ i t l l  a 
l>i~i-11111~a p e r t l ~ ~ ~ ; ,li:~vit~g of co111r-:I, c;~~rr,;t:ti~~c-le~is 
less glass ccn~eilteil to its l,ncl<. ' l ' l ie~vl~oleis lo  be 
worll ill :I. sl~c~ta~le-ft.ililie. ~ i i ? j .-(Jot~t.1~. united ser-
vice i izst., 110. 118, 1SS2.) c. I<. 31. [759 

A n e w  op t i ca l  phenomenon .  - hxeiifelil ~ l e -
scribes the contlitio~is of a11 expt.ri~iicnL in wllich 
straight lilies, a little on the near or far side of tile 


