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from the conjugant, an<l only in the fi rst days of the con
jugating fit is there an approach to a very slight secondary 
mode at the conjugating type value. This may correspond 
in the first days to a very small percentage of individuals 
in a " conjugating mood " among th e non-conjugants. 
The skewness, however, as measured by Dr. Pearl's 
numbers, a lthough slight, is the oth er way, showing that 
the non-conjugant population mig h t best be conceived as 
a dis tribution w anting a portion about the conjugant type, 
and not a s a population with a n add ition on that side, 
as it must be in the case of a mix ture of non-conjugants 
and potenti a l conjugants. Taking the va ri a bility of (a) ail 
popula tions in which there were no conjugants , (b) popula
tions of non-conjugants in which conjugants appear, and 
(c) popula tions e ntirely consisting of conjugants, we have 
the three numbers 8-7, 8-6, a nd 7·9, which suffice to show 
tha t non-conjugants in a conjugati ng populat ion arc prac
tica lly identical in variability with non-conjugants in a 
non-conjugating population, i. e. the potentia l conjugate is 
a very small proportion of the popula tion, conjugation 
taking place rapidly after the conjugat ing phas~ is reached. 

I a m sorry to have to reply to Mr. Li ster in this fashion. 
I fear, to use his own phrase, he will s till " go away 
uned ified " fro m " the biometric s ide o f the church." But 
t he time has come when vague in sinua tions based on no 
complete s tudy of biometry mu st be replaced by some 
attempt to - understand before criti cism is passed. Above 
a ll, in a case like the present , a tota l di src~a rd of the 
con tents of Dr. Pearl's memoir a nd a suggestion that he 
has made errors and overlook ed diffi culti es, which he has 
actua lly dealt with at every turn , is not to the credit of 
the critic. A man who has spen t yea rs in s tudying Para
mrec ia, a nd made thousand s of measurements after much 
consideration of the difficulti es , may r easonably expect a 
differen t type of criticism from a noth er who clearly has 
a ttem pted no such series of measurements, and whose, 
au thority for ex cathedra utternnces may therefore be well 
call ed into question. Dr. Pearl's full paper is now in 
type, a nd I do not think his reputat ion will suffer when 
the paper is tested against the a prio ri criticisms which 
llfr . Liste r has passed upon it. KAR L PEARSO'J. 

Biometri c Laboratory, Univers ity Coll ege, London, 
O ctober 12. 

Ra:iium and Geology. 
IN NATURE of October r r (p . 585) two le tte rs appear on 

thi s subject, in reply to which a few words may perhaps 
usefully be . said. Mr. Fisher's principa l point is that if 
the- ea r th 's internal heat is ma inta ined by -radium, there 
is no roo m left for that shrinkage of the g lobe by cooling 
whi ch some geological theories require. I think that the 
diffi culty is only apparent. The dura tion of radium, it is 
genera lly agreed, is limited to a fe w thousand years. 
T he supply must be in some way m a inta ined, or there 
could be no radium on the earth now . \Vr iters on radio
act ivity a re generally agreed tha t the radium supply is 
kept up by the spontaneous change of uranium into radium. 

S ince radium is found in ordinary rock s, we mu st , on 
the received theory, suppose tha t u ranium also exis ts in 
these rocks . It may be obj ected tha t ura nium is never 
entered as one of the constituents found bv chemical 
ana lys is. But, since the quanti ty to be expec'ted is only 
of the order of r / 1000th of , per cent., thi s is not sur
pn ;; ,ng, It mig ht be possible, by very speci a l methods, to 
detect u ra nium in granite, but I think in a ny ca se we may 
feP.l co nfident that it is there. 

Every thing depends on this initia l supply of uranium. 
It g radua lly passes into radium, a nd , a ft er that, into some 
inert form. 'fhe supply of uranium cannot last for ever. 
Its g radual diminution mu st involve the cooling and 
shrinkage of the globe. 

lt may perhaps be though t in these circumstances 
illeg itimate to equate the escape of hea t per second from 
the earth to the supply genera ted by rad ium in tha t time. 
There is reason , however, to feel pretty sure that therm al 
equilibrium is practically establi shed in a time sma ll in 
compari son with the duration of ura nium , so that the rate 
of cha nge in the amount of the la tter can have no appreci-
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able influence on the distribution of temperature in the 
gl obe a t a ny' moment. 

Mr. P a lmer suggests that if the earth 's internal heat 
is due to ra dium, the moon ought to be int ernally hot too, 
and it s volca noes should be active. I di scussed the ques
tion of th e moon's internal heat in my first pa per. (Proc. 
Roy. Soc., A, vol. lxxvii., p. 472). I quo te from that 
paper :-" It has generally been supposed tha t the lunar 
volcanoes are extinct. But that view seems to res t chiefly 
on an a prior i conviction that the moo n h as no internal 
hea t. As Prof. vV. H. Pickering has pointed out , a ll those 
observers who have made a specia l study of th e moon 
have believed in the reality of changes occurring there." 

Even if there were good reason to be sure tha t the lunar 
volcanoes were extinct, that would s till be inconclusive. 
For it is believed by many geolog is ts tha t volca nic action 
is due to the penetration of surface water to the hot 
in teri or of th e globe. Thus volcanic inertn ess may be due, 
not to the a bsence of internal heat , but to the absence of 
surface wa ter. R. J. STRUTT. 

The Rusting of Iron. 

IN my rema rks on "The Rusting of I ro n , " published 
in NATU RE of September 27, I directed a ttentiou to the fact 
that pure hydroge n peroxide solution was rapidly decom
posed by cast-iron, the latter becoming covered with ru st . 
Thi;;, I s ta ted, " wa s, no doubt, due _ to ca ta ly ti c action. " 

In hi s fri endly criticism of m y rema rks, Dr. Gera ld T. 
Moody writes, in N,1TURE of 0 ct,iber 4, " that the meta l 
becomes covered w ith rus t in a fe w minutes, is not , how
ever, to be referred to catalytic action·, as Mr. Friend 
sugges ts , but is a consequence of the fo rmation of acids 
by the ox id at ion of some of the impuriti es present in the 
iron, a nd of the subsequent electroly t ic ac tion." 

Tha t ac ids a rc formed in the above ma nner i11av be re
ga rded a ~ certain. These attack the iron, ·forming ·minute 
qua ntities of salt s , which are decomposed by the oxygen of 
the peroxide, yielding rust, and liberating the a cid, which 
ca n now attack more iron. In this way a small quantity 
of ac id may be ins trumental in oxidis in g a large quantity 
o f iro n. In other words, the acid is a cablyse r, and the 
reac tion is a na logous to the rus tin g of pu re iron in the 
prf' sence of ca rboni c a cid, oxygen, and · wa ter . The pare 

• ti cula r acid or ac ids which will ca use thi s ·cata l\'ti c action 
must depend, of course, on the sample of iro n u sed. 

F or th e same reason " the intensity of action will be 
determined by the amount of acid form ed on th e surface 
of each parti cular sample of metal, when in contact with 
the peroxide." It is thus unnecessary to a ssume an 
el ectrolvt ic ac tion, as Dr. Moody su ggests . Thi s is sup
ported ·by the fact that the same result m ay be obtained 
by employing _pure iron, and commercia l hydrogen peroxide, 
which inva ria blv contains hvdrochlori e ac id a nd other 
impuri t ies, as D·r. Moody has ·himself pointed out. 

\Vurzburg , Oc tober 9. J. NEWTO '< FRJE><D. 

Optical Illus1ons. 

I N your issue for September 27 a desc ription of some 
optical illus ions furni shed by revolving fa ns recalled to 
rnv mind a ve rv powerful illus ion whi ch I noti ced some 
ti,;, e ago, bu t for whi ch I have not been able to furnish 
a sa ti sfactory expla nation. 

A th aumatropc card (i.e. a card havin g a cage pictured 
on it s one s ide -a nd a bird on its oth er side) was mounted 
so as to t urn round a vertical media n ax is a t a speed of 
about two revolutions a second. 

\\' hen a n observer, viewing the rotat ing card from a 
di s ta nce of 5 feet or more, shuts one of h is eyes, the card 
a ppears instantl y to reverse its direc ti on of rota tion. (At 
the same t ime the axis of rotation a ppears to til t a little 
a way from the vertical.) On reopening the closed eye the 
illus.ion va ni shes, a nd the card again a ppea rs to assume its 
true direc tion of rotati on. 

I showed the illus ion to several fri end s, who a ll agreed 
as to its s triking perfection. D OUG LAS CARX EGJE. 

Newcas tl e-on-Tvne, October 10. 
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