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therefore, permanently twisted tb  rough twenty rerol ut ions 
and then reloased from tor4oiial stress. When, on heating, a 
certain temperature lint1 heen rcxachcd ttierc was a suddeli 
untwisting of the wire, ,followed uftw c m  i n t e n u l  of .se?*wal 
seconds by tlie u s u d  dcflection of tlie Thoinson’s g:dv:iiiomet(~r, 
which showed that the temporary magnetic susceptibility was 
beginning to disappear. This experinient was rep.xtod at 
least s i s  times with different pieces of the same liind of‘ wire, 
and, invariably, with the sanie result-the perin:inent torsion, 
like the permanent magnetism, began to disalymr sudtlcnly at 
a temperature considerably below the teinpernture a t  wliich 
the temporary magnetic susceptibility begin to disappear. 

The contrary, however, was the case with ti specimen of‘ 
annealed nickel wire* of the ~niiie length as the iron but of 
rather less diameter. When this wire had received R few 
turns of permanent torsion t, niid was afterwards henttd, the 
loss of temporary inaguetic susceptibility occnrred a t  n inucli 
lower temperature than the rapid loss of permanent torsion ; 
whilst Berson lins sliomn that the perrnaneiit mcipetization 
of nickel reseinbles the permaiient magnetization of iron in 
disappearing before the temporary susceptibility. 

This esperiment, therefore, s h o w  that tlie temperature at 
which permanent inngnetisiii begins to sudde~ilg d i q p e a r  is 
not the tcniperature at which perimuiient torsion begins to 
suddenly dis:tppear. 

XL. On i?lecti*oniotie.e J’oi~ccs of Coiittrct. 
B y  CHARLES V. BUI<TOS, 1Z.Sc.S 

THE principal object of this paper is to discuss thc seats 
of the elclctroinotive forces developed Ly tlic contact of con- 
ductors, and by considering the transf’orniatioiis of energy 
which occur when two insulutecl conductors are brought into 
contact, an attempt is inatle to give a logicd tlcinonetration 
of some of the views put forward. In tlie latter 1)ai-t of the 
11;iper a description is given of some experiments on the 

* Containing nearly 08 per cent. of nickel 
t Only two or three turns c m  be given before the wire breaks. 
$ Rend Aprii 28, Is% 
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natnrc of the electrification of non-conductors by contact or 
friction. 

When two conductors are brought into contact, an electro- 
motive force (E) is set up bet,ween them, which drives 
electric it,^ across the junction, until the difference of their 
potentials* .has an E.M.F. equal and opposite to E. I shall 
;1ss1me that E is always the same so long as we keep to the 
sitme substances and the same temperature ; and also that  
when electric equilibrium has been established each con- 
ductor is at a uniform potential throughout, except very near 
the junction, and that there the potential changes in general 
by a finite amount as we pass through a layer of very small 
but finite thickness, which includes the surface of separation. 

Let, the two conductors A and E (fig. 1) he in contact over 

D 

the surface CD, and let the difference of their potentials be 
finite. The potential is constant throughout the extent of A ,  
and also throughout the extent of B, escept within a very 
thin layer including the surface CD, which may be called the 
I q e r  of variable potential, and where the potential may be 
supposed to change continuously from tltat of A to that of 
B as we pass from one side of the layer to the other. NOW, 
consider the distribution of elcctricity on the system. Elec- 
tric niiisses \;ill be distributed on the external surfaces of A 
and B, but not within these SurfilCes, escept within the layer 
of v:wi:ibIe potential. Here the distribution evidently depends 
upon the thickness of the laj'er, the l i iw of variation .of 

* ffherevcv the potential of t-i conductor is spoken of, the potentiid at 
filly poiiit tin-oughout its volame i a  intended, and not  the potentid at a. 
veyy near cxtcrnnl point. 
icrlll, 

I must apologise for this unusual use of the 
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potential across the layer, and the specific inductive capcitjr 
of A aad  B. This last quantity is evideiitly the true 01' 

finite spcwific inductive capacity, and not the apparent or 
infinite specific inductive capacity which coiiductors appear 
to have in ordiiinry clectrostatic experiments ; for in th(3 
latter case the electric potential energy of the layer CD 
would be infinite. 

It is usual1.y supposed that the contact E.M.F. between two 
conductors is due to some molecular action between  then^. 
And my first point is to show that this action is confined t o  
moJecules within the layer of variable potential. 

For consider a particle P (fig. 1) within the conductor A, 
so that ,211 around P the potcntial is constant. Then if P 
takes part in any way in maiiitaiiiing n. difference of potentials 
Letween A and K, i t  must in turn he reacted 011 Ly the 
electric forces which tend to equalize the potential through- 
out  the system. Now, the only forces tending to eqiialize 
tlio potential are the :ittractions aiid repulsions intel. se of the 
electric masses distributed on the conductors ; and the par- 
ticle P being situated in a region where the poteiitial is 
constant, the electric force at  P is zero. 

Therefore P suffers no reaction from the electric iiiwses of 
the system and cannot, therefore, play any part in maintnin- 
ing the difiereiice of potential. 

Hence t?Le wioleculw action 'zuhicIi gives rise to n contact 
]3.M.P. bet iceen tioo conductors is confinecl to the immctliute 
nsig?r I~ou~~?iooc-E of 111 e junction. 

Now, suppose that  two conductors A and B (fig. 2), whoso 
Fig. 3. 

contact-difference of potentials is P, are originally a t  the 
same potential, and are then brought into contact at  C. As 
soon as this is done an E.M.F. E (= - P) will act between A 
and 33, uiid will drive electricity across the junction at  C, until 
the diflercnco of potentials of A ant1 13 lm~oincs equd to P, 
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At the beginning of the operation, when contact first 
there is no E.M.F. opposed to  E, so that when E 

cll.ilres a quantity d M  of clectricity across the junction, the 
,vorlc done is EtlM. As there is no opposing E.M.F. to be 
oi+(hr~olne, the whole of'this work is spent in producing heat, 
:lccordil~g to the Joule effect. 

At a later stage, when tlie difference of potentials has be- 
COnlC (say) y, the total E.M.F. between the conductors 
=- 11: +p ; p being of' course of the opposite sign to E. Hence, 
\,.hen the quaiitit)* ClM crosses the junction, the work 
(1; + p ) A f  is s p i t  in producing the Joule effect ; wliile the 
electric potential energy of tlie system increases by--pdM ; 
so tllat the total work done on d&l by the E.M.F. E=EdM. 

Hence, if in order to establish the difference of potent8inls 
P between A and €3, the quaiitit,y M of electricity iiiust cross 
the junction, the work done by the E.M.F. E during the 
operation is E.M., half this work being spent in  producing 
the Joule effect, and half in raisiiig the electrostatic potential 
c'nergy of the system. 

But the E.M.F. E is due to molecular action in the 
immediate neighbourhood of the junction, and, therefore, 
when the E.M.F. E does work by causing a displacement of 
electricity, a corresponding amount of molecular energy is 
absorbed ut the j t tnct ion.  

Now, E being finite, suppose that the surface of contact at 
the junction C (fig. 2) is very small, and tliat the electro- 
static capacities of the conductors are very great. Then M 
will be very great, and so will EM. In fact, keeping the 
jtuictioii as sinall as we please, we may increase EM in- 
definitely by increasing the electrostatic capacity of the 
system. 

But, by hypothesis, the E.M.F. E win always be maintained 
SO long as we keep to the same substances, and maintain 
them at the same constant temperature. 

Ke11cey when the E.M.F. E does work, the molecular 
ellcrgy absorbed is of such a nature that i t  can be supplied 
in i11defiiiite aniouiit by 5~ sinull finite junction maintained at  
a constant temperature. 

There are only two kiiids of energy which fulfil this con- 
clition : - (1) Heat ; (2) Cheniicnl action :it thc junction. 
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First, suppose that the conductors A and B (fig. 2) are in- 
capable of acting chemically upon one another. Then for 
every quantity d M  of electricity whicli crosses the junction in 
the direction of the E.M.F. E, this E.M.F. does work EdM, 
and an equivalent amount of heat is absorbed at  the junction, 
And, conversely, if electricity dM cross the junction in the 
opposite direction, work will be done against those mclecular 
agencies a t  the juiiction which maintain the E.M.F. E, i. e.  
the work done on the E.M.F. E will appear in the form of 
heat. 

Hence, the t-rue contact E.M. F. between two  chemically 
inactive conditctors is equal to their coe$icient of the Peltier 
efect eqwessed  in absolute m e a s w e .  

An argument sometimes advanced against this proposition 
is substantially as follows (I quote from Professor Lodge’s 
paper in the Phil. Mag. for April 1885, p. 260) :-“ When Q 
units of electricity are transmitted against a force E, work E& 
is done ; also when they are trarisinittcd up a difference of 
potential V - V ,  work Q (Vl-V) is done ; but in an open 
circnit containing an electroinotire junction, V’ -V is produced 
by and is equal to E. Hence, at  an electromotive junction 
no work need be done by R current; in other words, the 
existence or non-existence of a Peltier effect has nothing to 
do with tlie existence or non-existence of a local E.M.F.” * 

But although on an open circuit, there ;ire two equal and 
opposite E.M.F.’s at the junction, and consequently there is 
no resistance to the flow of electricity in either direction, 
still the E.M.F. which acts in the direction of the flow will 
d o  work upon the opposing E.M.F. 

- A  mechanical example may make this clearer. If a particle 
be acted upon by two equal and opposite forces, each of one 
dyne, the sinallest possible force will be able t o  displace the 
particle in any direction ; but if the particle be displaced one 
centimetre in the direction of one of the dyne-forces, this 
force will do just one erg of work upon the other force, 

Now, at the junction between two chemically inactive con- 
ductors, the two E.M.F.’s are (1) an E.M.F. E due to a 
tendency to absorption of heat-energy at &e junction, and 
transformation of the absorbed energy in tb slectrical energy 

* Professor Lodge refutes this by n Iivdrostatic analogy. 
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by disl~l:rccinent of electricity across the junction, and (2) an 
~ ~ 3 l . p .  1’ (A --E) due t u  clifferelice of potentials between 
the conductors. 

Hence, if’ clcctricity 04 cross the junction in the direction 
of tile E.I\I.F. E, he:tt-energy EM is :il)sorbed in order to 
driye the quantity M up the step of potential; while if 
electricity i\l cross the juiictioii in tlie opposite direction, 
eilergy E X  will be given ou t  in desceiicliiig the step of 
ptentinl  :iad will appear in the forin of heat. 

Returning now to the consideration of’ the conductors A 
and B (fig. 2),  slippose that they are capable of acting 
cIiernically up011 oiif: another. I11 this case the energy re- 
(]“ired to e.stnllisli the difference of potentials between A and 

rnay be su1)yliud a t  the juiictioii either in the form of heat 
;horl,ccl there or clicwiical action taking 1)l:ice. For  the sake 
of siiiiplicity let tlie Peltier E.M.F. be zero, so that we have 
only to deal nitli :t clicmical E.1S.F. It will also be simplest 
to consider one of tlie conductors to be a solid and the other 
;I liquid, so that any chemical action which map take place 
will not modify the nature of the subtances in  contact. 

For every quantity M of electricity which crosses the jmic- 
tioii in tlio direction of tlie E.M.F. cliemicnl energy E l l  will 
be absorbed, i. e.  an amomit of chemical action proportion:d to 
11 will take place. 

Tliis is in accordance with Faraday’s Electrolytic Law. 
Professor Lodge considers that the E.M.F. between cheini- 

cnlly actiw hubstances is clue to a tendency to choniical action. 
But inere teiideiicy to  chemicnl nctioii at n finite junction 
could not be the source of a n  idef ini tc  amomit of energy, 
ancl could not, tliereforc, account f’or the phcnoineiia in the 
cabe discnssed above. There must 1)e actual cheinical action. 
It appears in fact (excliidino. :ill idea of a Peltier E.M.F.) 
that when two clieniically active conductors are brought into 
colitact, electricity in gciicrnl crosses tlic junction, mid 
est:tllislies a difference of potential between them, and the 
pnzount of cliet,iicccl action zultich take.s. place is pi-ecisely tlie 
ePivalent  of the eleciricity .rol&lt cf’osses tlie junction determined 
in uccordance witli Famth3’s Electyolytic Law. 

Let K=nuinber of absolute units of energy evolved when 
One gram of (say) the substance A enters into the kind 
of comhinntion which takes 1)Ince in the c:wc con~idercd. 

9 
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Let k=nuniber of grains of A which enters into coinbina- 

Then for every unit of electricity which crosses the jiiiic- 

tion, E units of cheiriical eiiergy are absorbed ; :. E/IC g r a m  
of A are dissolved. 

:. E/K=ZL: or E=kK. 
That is, the E.&! F. is e p a l  to the eizevg9 of combination of olie 

electroclienaicnl equivalsizt. 
Of‘ course this is oiily the case where all the energy of t h e  

cheniical action is converted into electricnl energy ; as in tlle 
case of pure zinc dipped in dilute sulphuric acid. From this 
it follows that in the case of the typical cell, for iiistaiice, 
where p k e  zinc and pure copper are immersed in dilute 
sulphuric acid, the principal E.  A1.F is at  the contact of tho 
zinc and qcid, an opposing E.1I.F. being set up at the con- 
tact of acid and copper. 

If we construct a cell coiisistiiig of zinc and c:irbon clipping 
in dilntc H,SO,, there will be 110 power of chemical actioii at 
the liquid-carbon junction, SO that the only E.M.F. tliere is 
a Peltier E.M.F. Neglecting Peltier E .M.F.’s altogether, 
the E.M.F. bf such a cell would be equal to that of the zinc- 
liquid junction. 

The apparent contact E.JI.F.’s of metals, as measured in 
air, must be due chiefly to tlie air-metal contacts, since a inetal- 
metal contact can only be the seat of a Peltier E.M.F. It 
also appears that if the apparent E.M.F. between t w o  
metals were measured inductively in some chemically inactive 
gas (or liquid), the result would be the sun] of three Pelticr 
E.M.F.’s, and would probably be small. There even seems 
to be some reasou for supposing it to  be zero. 

tion per unil flow of electricity. 

For  consider a circuit consisting of two nietals A and 
B (fig. 3) and an inert gas c!, all at the same temperature. 
Suppose that there is on the whole a finite E.M.F. in the 
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circuit ACBA, i. e.  that the potential of the g:ts C varies as 
we pass froin the plate A to the plate Be Now, it is evident 
tIlst if the gas C has any trace of conductivity, or any 
power whatever of eqgalizing potentials by convection, a 
feeble current will flow continuously around the circuit 
ACBA, and will derive its energy from absorption of heat at  
o,lc or more of the junctions, which would be a violation of 
the Second Law of Thermodynaniics. If the metal A were 
furnished with points as fine as possible, and if these points 
\yere brought within an estrenicly sinal1 distance of U, they 
,yould greatly favour any conductive or convective tcndency 
that, might exist ; and if by such an arranwment a convective 
discharge of only one molecule of electrlcity in a century 
were established, it would constitute a violation of the Second 
Law of Therinodynaniics. 

If we admit that in an inert gas C the difference of potcn- 
tis1 between the layers in contact with A and B is finite, we 
niust assume that the gas is an absolutely perfect insulator for 
such an E,M.F. Even if this property is assumed it does 
not follow that Volta’s Law is inapplicable to the case of 
gases and metals. 

I have endeavoured to show how a Peltier E M.F. depends 
on a tendency to absorb heat-energy and convert it  into 
electrical energy. Now from the law of successive contacts 
of chemically inactive conductors, it is evident that, the 
telnperature being fixed, we can connect with each substance 
a constant (caIIed its ‘‘ Peltier-constant ”) such that the 
E.M.F. between any two inactive conductors is equal to the 
difference of their respective constants, which is only another 

Now it seems not unlikely that the Peltier constant of a given 
conducting substance, a t  a given temperature, depends only 
on the size, form, &c. of its inolecules, and the nature of their 
heat-motion ; and, if so, each non-conductor should also have 
its Peltier constant, since the conditions are esscntially the 
same in the two cases. 

‘Fhus the law of successive contacts might hold for chemi- 
cally inactive non-conductors as well as for conductors. 

I t  might even be that the law is universally true so far as 
Peltier E.M.F.’s only are concerned ; but of course them are 
only speculations. 

of stating Volta’s Law. . 

VOL, 1x. X 
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Tho followiiig ;Ire soino analogous properties of‘ Peltier 
E.M.F.’s and cheinical E.M.F.’s nrrniigcd respectively in  
parallel colurnus :- 

PEL TIE^ E.iV.Ii’. 
Iu. Wheii the two substances origi- 

nally at the same potentid aro 
brought into contact an E I R1.V. 
E, is estnbli&ed across the junc- 
tion ; this E.N.F. continues to 
displace electricity across the 
junction until the EXF.  dne to 
difference of potectiab= -E, 

2n.  Theenergy requiredto estaMish 
the difference of potentials is 
supplied by heat ahorbed at the 
iunction. 

3n. For every quantity N of elec- 
tiicity which crosses the junction 
in the direction of the E.RI.3’. El, 
a quantity of heat-energy E& 
is absorbed at the junction. 

4n. For every quantity RI of elec- 
tricity which crosses the junction 
apainst the E.N.F. E,, heat-energy 
E,AI is given out at the junction. 

5u. The heat absorbed at  the junc- 
tion during the operation (la) is 
the equivalent of the electricity 
which crosses the junction, deter- 
mined in accordance with the 
lams of the l’eltier effect. 

CHEMICAL E.1I.F. 
l b .  When the two substances or$. 

nally tit the same potential nre 
brought into contact ai1 E.JI.p 
E, is establislicci across the junc. 
tion ; this E.M.F. continues to 
displace electricity across tle 
junction until the J3.JI.F. duo to 
difkrence of potentids = - E,. 

26. The energy required to estnMisL 
the differelice of potentials is sup. 
plied by chemical action taking 
place at the junction. 

3b. For  every quantity A I  of elec- 
tricity which crosses the junc- 
tionin thedirection of the EXl? 
E?, a quantity of chemical energy 
E,N is absorbed at the junction. 

48. For every quantity 31 of elec- 
tricity which crosscs the junc- 
tion ngninst the E.N.F. E,, 
energy E.$ is given out at tho 
junction, and appears either U 
chemical-energy (electrolysis) or 
as heat. 

56.  Tho choniicnl action tLt the 
junction during the operation 
(1 6) is the equivalent of the elec- 
tricity which crosses the junc- 
tion, deteriiiined in accordance 
with Faraday’s Electrolytic L ~ I T .  

Sir W. Thoinson has deduced a lower limit to the size of 
ntonis loy a inetliod which is well known. Professor Lodge 
points out that the limit cannot be assigned with certainty, 
until the true contact-difference of potentials of the substances 
concerned is known. Bnt there is anohher point to be con- 
sidered. The inethod assumes that there is a kind of affinity 
between the moleculcs of the two inetals concerned ; that on 
contact being “le ,  this affinity gives rise to an E.M.FI 
which establishes SL difference of potential, the necessary 
energy being fuimished by the pr t in l  satisfaction of the said 
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a~r;ity.  The mcthod further assuines that whefi the metals 
are fused togethcr i t  is this saiiie affinity which? h i n g  satisfied 
as completely as possible, gives rise to nu evolution of hcat. 
But if (as appears from whab-precedes) thc energy required 
to produce the difference of pctentinls is supplietl by nbsorp- 
tion of heat at  the juiictioii, and if the contact E.M.F. is due 
to a tendency to convert hent-energy into clectricnl energy, 
t,heii the heat ovoid on fusing the metals together can have 
no direct connexion with E.M.F.'s of contact, and the method 
would not apply to the case of two metals. 

I t  would, however, obviously apply where the E.M.F. was 
due to chemical affinity, as in the case of zinc and oxygen 
proposed by Professor Lodge (Phil. Mag. May 1885, p. 363). 
I n  all these investigations the electrostatic capacities are cal- 
culated on the assumption that the specific inductive capacity 
of the conductors is unity. I have not been able to find any 
experiinen tal justification for this assumption. 

EleatQaiJicntion of Non-cond uctors. 
When two non-condrmtors are brought into contact, there 

:%re other sources of energy which may cause electrification. 
For if the bringing of two free surfaces into contact, or the 
striking or rubbing of the bodies together, should give rise 
to  electrification, the charges so produced would remain 
separated, owing to the iiisulating properties of the substances. 
This source of electrification is absent in conductors, as any 
electrification produced between them by sudden violence 
would be destroyed by conduction, the final difference of 
potentials betveen the bodies being always that due to a 
definite contact E .M.F. 

The difference between the two cases may be illustrated by 
considering the case of a spring. If a force be applied to the 
spring a definite compression will ensue, supposing that there 
is 110 friction ; and if by any temporary iinpulse the coni- 
pression be increased or diminished, i t  will regain its 
former value when the impulse ceases to act. The inverse of 
the strength of the spring represents the capacity of tho 
YYStelll, the force coinprossing the spring the E.M.F. of con- 
tact, the distance through which the spring is compressed the 
Quantity of electricity displaced, and the potential energy of 

x 2  
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the cmnpresscd spring the electrostatic potential energy of 
tho two conductors. 

If we supposo compression or extension of the spring to be 
accompanied by friction, a coinpression effected by a sudden 
shock will be maintained. This illustfates what perhaps 
takes place with non-conductors. I n  order to test which 
view is the more correct, I have made a few esperiments on 
tho electrification of glass and ebonite when dipped into 
mercury. This method of experimenting seemed to offer 
several advantages. The mercury being periiianently con. 
nected to earth was always at  a known potential (zero), and 
it was only necessary to measure the charge of the ebonite 
or glass. Then, again, contact was obtained over the whole 
surface submerged, with very little mechanical violence when 
desired ; and the conditions of contact could be considerably 
varied by using more or less suddenness and violence and 
longer or shorter duration of contact. 

Fig. 4. 
D E 

x- l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ / ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ / ~ / ~ ~  G 
13 F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 G 

D E s 

Fib 
The ebonite or glass employed consisted of a small circular 

slab S (fig. 4) with a convex surface A, which was attached 
to one end of a rod BC of the same material. This rod was 
encased in a brass tube DE, inside which it was fastened by 
means of packing FG. The length BF of ebonite or glass 
sorved to insulate the slab A. I n  the case of the glass the 
length BF was varnished. The charge on A was measured 
by means of the conductor L connected to a Thomson olec- 
trometer. A was placed near to L, which was put to earth 
and then insulated. On withdrawing A, a deflection was 
produced proportional to the charge on A. The movement 
of A was controlled by making the tube DE slide in metal 
bearings between fixed stops. The tube DE being of' metal, 
no electrification was produced by friction in the bearings* 
The following results were obtained :- 
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(a) Ehonite and Ilfercury. 
Dipped once and quickly withdrawn e . 

9 7  ,, very quickiy withdrawn . 
9 ,  for 10" quickly withdrawn . . .  

. . .  ,? 7 9  15" 9 ,  9 )  

9 ,  7 9  30" 9 )  9 1  . . , "  
60" ,, 7 )  . . .  

7, )?  

30 rapid splnsllcs in the mercury . . 
fi0 not, scry rapid splashes in the mercury 
100 rapid ?f 17 )f 

200 9,  19 9 3  9 ,  

DEFLECTION. 

+ 10 to+ 12 
+15 
+ 7 t o+15  
+ 6 t o + l O  
+ 6 t o t - 1 3  
+ 5to-f- 9 
- 6  
+ ?  
-11 
- 10 

(b) Glass and Mercu,y. DEFLECTION. 

Dipped once quietly . . . . . . . . .  
20 rapid splashes . . . . . . . . .  - 7  
50 99 

60 9 7  >) 

'30 9 ,  

100 7 ,  9 )  

+ 6 t o+10  

. . . . . . . . .  - 1  
- 6  

. . . . . . . . .  + 4  . . . . . . . . .  - 3  

97 . . . . . . . . .  
1)  

The above results, i t  will be seen, are very irregular, owing 
no doubt to the fact that all the circumstances of contact 
could not be accur:ttely known. These irregularities, and 
especially the variable sign of the eleetrification, make it clear 
that the effects are not due to a true and definite contact 
E.M.F., but are dependent in some degree on the manner in 
which the surfaces are brought together and separated. The 
experiment of Canton in 1753 (whcre the rough and polished 
paits of a glass tube became' oppositely electrified when 
rubbed with the same cloth) seems to point in the same 
direction. 

Professors Ayrton, Schuster, S. P. Thompson, and J. Perry 
discussed the points raised, and i t  was considered that direct 
experiment on contact electroniotive force in a very perfect 
vacuum could alone decide the question. 

This experiment seems almost as impracticable as a direct 
measurement of the size of a molecule. Yet the two ques- 
tions may be equally capable of solution by iiidnctivc reason- 
ing. The question is whether the reasoning givcii above is or 
is not conclusive.-(:. V. B. 


