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While the rigid investigation of facts is no doubt one of the great 
methods of science, we must not forget that by asking questions as 
to the use or value of a particular physiological arrangement, we 
may obtain light as to the road along which investigations are 
to be pursued. This is the guiding star of Fleisch! von Marxow's 
speculation, and it has led him and other physiologists to 
scrutinize anew the theories of respiration now in vogue. 

In this address we have had abundant evidence of the fact that 
physiology, in the solution of some of her problems, depends en­
tirely upon the methods of chemistry and physics. The air-pump, 
the special advantages of the mercurial air-pump, the methods 
devised for collecting and analyzing the gases of the blood, the 
spectroscope, have all contributed important facts to our know­
ledge of respiration. The narrative placed before you also illus­
trates in a striking manner the relation of modern physiology to 
the physiology of our forefathers. The latter were engaged in 
observing and explaining the more obvious phenomena, whilst 
the modern physiologists are pushing their researches further, and 
are endeavouring to study the hidden phenomena, which, like a 
second order, lie behind these. I need scarcely add that even the 
results of modern research are not to be regarded as final. 
Although we see a little fLirther and more clearly than those who 
went before, there is still uncertainty as to fact and obscurity as 
to explanation in most departments of physiological science, and 
not least as regards the function of respiration. Enough has 
been said to show that in the study of respiratory mechanisms we 
meet with numerous examples of the same wonderful adaptation 
of organic structure to physical conditions as may be traced in 
the mechanism of the eye and of the ear. The structure of a 
lung or of a gill is just as much adapted for the play of the 
physical laws regulating gases as the retina is tuned to the 
vibrations of the ether, or as the organ of Corti responds 
sympathetically to the waves of musical tone. 

List of Experiments in illustration of tlze Lecture. 
r. Appearance of blood after having been shaken with carbonic 

acid. 
2. Appearance of blood after having been shaken with 

hydrogen. 
3· Appearance of blood after having been shaken with 

nitrogen. 
4· Appearance of blood after having been shaken with oxygen. 
5· Fac-simile model of Leeuwenhoek's syringe, by which gases 

were first demonstrated in the blood. 
6. Absorption of ammonia by water. 
7· Gases escaping from water in Torricellian vacuum. 
8. Gases escaping from blood in Torricellian vacuum. 
9· Spectrum of oxyh<-emoglobin shown by electric light. 
ro. Spectrum of reduced hccmoglobin ; the reduction effected 

by ammonium sulphide. 
I I. Spectrum of oxyhzemoglobin changing into that of reduced 

hccmoglobin by heating blood in vacuo. 
I2. Demonstration of a new gas-pump for the physiological 

lecture table (Figs. I, 2, and 3). 
IJ. Demonstration of the use of Pfluger's gas-pump. 
14. Collection of blood-gases and demonstration of the 

existence of carbonic acid and of oxygen. 
IS. Carbonic acid collected from a solution of carbonate of 

soda in vacuo. 
I6. Method, by use of thermo-electric piles with galvano­

meter, of observing thermal changes attending formation of 
oxyhremoglobin. 

I7. DemonstrationofFieischl von Marxow's experiment>, not 
with a syringe, but with the fluid in a Torricellian vacuum so 
arranged as to receive a shock. 

Dr. McKendrick asks us to direct the attention of our readers 
to a statement in his address which he wishes to correct. He 
stated: " If the union of oxygen with the colouring matter is an 
example of oxidation, it must be attended with the evolution of 
heat, but, so far as I know, this has not been measured." He 
then referred to a method by which Mr. J. T. Bottomley and he 
had been able to observe the heat produced. Dr. McKendrick 
was not then aware of an important research on this subject 
conducted in I87I by his friend Dr. Arthur Gamgee, and con­
tained in a Report to the British Association for the Advance­
ment of Science in I87r. Dr. Gamgee, both by the use of 
thermometers and by thermo-electric arrangements, demonstrated 
the important fact that an evolution of heat accompanies the 
union of oxygen with hremoglobin, and in the Report referred to 
there is ample evidence that the research WOLS conducted with 

great skill and with an appreciation of the difficulties to be 
surmounted. He arrived at the conclusion " that the mean rise 
of temperature during the absorption of oxygen amounted to 
0°'0976 C. The maximum heating found was 0°'!11 C., and 
the minimum 0°'083 C." 

MOLECULAR PHYSICS: AN ATTEMPT AT A 
COMPREHENSIVE DYNAMICAL TREAT­
MENT OF PHYSICAL AND CHEMICAL 
FORCES. 1 

I. 

THE author states that his attention was drawn to the 
subject in the first place by personal intercourse with 

Sir \Villiam Thomson, and by his opening address to the Mathe­
matical and Phvsical Section of the British Association at the 
Montreal meeting in I884, followed by the study of the litho­
graphed report ot his lectures on '' ?vlolecular Dynamics" at the 
Johns Hopkins University. 

The opening paragraph of the paper contains a restatement of 
the portions of Thomson's theory applicable to the explanation 
of optical phenomena. Thomson did not succeed in arriving at 
a satisfactory explanation of the fact that metallic reflection 
double refraction are accompanied by little or no dispersion. 
The author believes that he has overcome this difficulty by a 
more complete discussion of the formulre by expansion in series. 
He then proceeds to apply the theory to the explanation of 
chemical phenomena on a purely dynamical basis, and arrives 
at a method of determining the spectrum of a compound from 
the spectra of its constituents. 

The second portion of the paper is quite independent of the 
first, and also of Thomson's theories, except that it gives a com­
plete explanation of the manner in which the ether vibrations 
can be taken up by the molecules of a body. 

The author endeavours to explain electrical phenomena by 
transverse vibrations of the ether, which are very small com· 
pared to the diameter of a molecule or of an atom, and one of 
the most remarkable and interesting results of his investigation 
is that the theory leads to \Veber's law expressing the mutual 
action of two electric currents, subject to a restriction which 
excludes exactly those cases the consideration of which led 
Helmholtz to the conclusion that the law was untenable. A 
further confirmation of the theory is given by its explanation of 
a number of other phenomena, such as fluorescence, magnetism, 
and diamagnetism, and the electro-magnetic rotation of the 
plane of polarization. 

PART I.-LIGHT, HEAT, AND CHEMICAL AFFINITY. 

§ I.-The Internal Structure of Molecules." 

The ether is assumed to fill the whole of space, and to be 
everywhere of equal elasticity and density. It is further assumed 
that, with respect to vibrations of periods comparable with those 
of light-waves, the ether behaves like a perfectly elastic solid; 
while with respect to slower vibrations, such as those due to the 
motion of gaseous molecules, it behaves like a perfect fluid, so 
that the molecules can traverse it freely. 

A molecule is supposed, on Thomson's" theory, to consist of 
a solid core inclosed within a series of spherical shells. Between 
the core and the innermost shell there is supposed to be an 
elastic action of a nature which might he represented by a series 
of symmetrically disposed elastic springs. 

A similar elastic action is supposed to take place between 
every pair of adjacent shells, and also between the 
shell and the external ether. 

Let j be the number of shells in a molecule, and let their 
masses, beginning with the outermost one, be 

MJ M 2 M, 
47r-' . . . . 

The centres of the core and shells may be supposed to lie in a 
straight and to be capable of oscillations along this line. 
The elastic force between each pair of shells is assumed to be pro­
portional to the relative displacement of their centres ; and that 
between the outermost shell and the external ether, proportional 

1 A Paper read before the Physico-Economic Society of KOnigsberg, by 
Prof. F. Lindemann, ou April s. r888. 

2 The author generally uses the term molecule to denote either an atom 
or a molecule except when he is consideriPg chemical C,)mpounds.-G. W. T. 

3 '· on J\.Iolecular Dynamics and the \Vave Theory ofLight,"br 
S .. r \Vill1am Tho;nson. (Baltimore, r884.) 
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to the displacement of the centre relatively to the external ether. 
Let x1, x2, . •• xf, be the absolute displacement ofthejshells, 
and ! the displacement of the ether ; and let c 1 , c2, • • • Cf, be 
the magnitudes of the elastic forces. We then have the following 
equations :-

d'!.xl- • 4""" "(it'. - - xi) - cz(xl - xz), 

Let the point have a periodic motion given by 

271"! 
= a cos -T 

. . (I) 

... (2) 

Then this motion will gradually be communicated to the centres 
of shells in a manner which has been fully worked out by 
Thomson. The value of T will vary, and after a certain 
interval a steady condition will be arrived at in which all the 
points will have periodic motions, so that 

211"! 
Xi = ai cos --;:-f-

where T is now arbitrary. 
Writing a1 = M,jT2 - c, - c, + 1, equations (I) give 

_ = c" 

a2-

which may be written in the form-

c·- 1
2 

tl_j- I - _!/.
2
, 

af 

. (3) 

K·"R· } + i{.'-!:7::.. 1-2 . (4) 
:7 

The constant R 1 represents the ratio of the energy of the 
shell11t; to the total energy of the system. The qnantity K, is 
determined by the condition that when T = K 1 the ether 
remains at rest, = o; and it may be called a critical period 
of the molecule, which will accordingly have j critical periods, 
and the molecule may undergo vibrations corresponding to any 
or all of them simultaneously without affecting the external 
ether. 

Instead of this somewhat artificial structure, the molecule 
may be regarded as consisting of a sphere filled with continuous 
matter of density varying with the radius, the density having 
different values for each ofj assigned values of the radius, but 
though this would be a simpler physical representation, it would 
lead to great difficulties in the mathematical treatment, though 
the results would necessarily be of a similar nature to those 
obtained for the discrete molecule, and it is therefore preferable 
to retain this representation. 

To apply the theory to transparent media let M;/41r2 represent 
the thickness instead of the mass of a shell, and let p/4""2 and 
Z/4"2 be the density and elasticity respectively of the ether. 

The vibrations of the ether will then be given by the 
equation 

. (5) 

And the vibrations of the outermost shell will, in virtue of the 
assumptions which have been made, be connected with those of 
the neighbouring ether particle by an equation of the form 

·> 
p ,[t2 = l dx" + cl(xl - ••... (6) 

in which c1 only differs from its former value by an unimportant 
factor. The axis of xis here supposed to be perpendicular to 
the line of centres, or diameter, of the molecule. 

Suppose a light-wave in a direction perpendicular to this axis, 
;md given by the equation 

· (X t) = a sm 271" ;\ - T •••• (7) 

to strike the molecule ; then on the assumption that within a 
definite interval only one wave strikes the molecule, or that the 
diameter of the molecule is small in comparison with the wave-

length, where p. is the index of refraction of the medium, and 
v the velocity of the wave in it, equation (6) gives the equation 

P.2 = _r = "I'z = {r- ctTz (z- -:1)!' 
v2 Az l 

= l p - c!T2[I + ct T2 ....:" t. 
! ?ttl K," - TZ J 

. (8) 

expressing the index of refraction as a function of the period of 
vibration of the ray. For waves of period equal to one of the 
critical periods of the molecule, p. becomes infinite, so that the 
medium is opaque for such waves, which are entirely absorbed 
in increasing the energy of the internal vibrations of the mole­
cules. The critical periods of the molecule are therefore the 
vibration-periods of the dark lines of its absorption spectrum. 

§ 2.-T/ze Index of Refraction as a Function of the 
UTave-Length. 

As a preliminary to the more general investigation, it will be 
advisable to trace the dependence of the index of refraction upon 
the period of vibration in the simple cases j = I and j = 2. 

For j = I the molecule will consist of a core and a single 
shell, and equation (8) will reduce to 

P.2 = _ c1T
2 

..•. (9) 
l I lm1 K" - T 2 

Writing 

P - c_t= ", - cl2K2R = Tz = x, ,o 
l 

= a, l ,., -y, ,... = y, 
lm1 

this may be written in the form 

y(K2 - x) = (a + {3x) (K2 - x) +-yx2 • (10) 

the equation of a hyperbola having the asymptotes 

x = K 1
2, y = (13 - -y)x + a - -yK2 .. (II) 

The former represents the single critical period, and the latter 
practically determines by its direction whether the index of 
refraction increases or diminishes as T, the period of vibration, 
increases, and this the more exactly the more nearly the curve 
coincides with its asymptotes-that is, the more nearly the value 
of its determinant, which reduces to - -yK2/4 approaches the 
value zero. 

There will therefore be three cases to consider­
( a) {3 "Y > o, p. increases as T increases. 
(b) {3 - "Y = o, p. approximately constant. 
(c) {3 - "Y < o, p. diminishes as T increases. 
There will be two expansions for p." in powers of T, viz. : 

ForT< K, 

p.2 = a + {3x 
-yx2 

+ R_2 { I 
X 

+-K2 
x2 

+ K• + &c.} 

=.!! - .!) T2 - ct2R T2 
{I 

Tz T• 
&c.} (I2) + + -+ 

! ! !ml K" K• 
ForT> K, 

• (I2a) 

The coefficient of T 2 must be very small in order that the 
formulre may be in accordance with experimental results. 

Both the equations (I2) and (I2a) give, as a first approxi· 
mation to the relation between wave-length and . period of 
vibration in the medium considered-

T = A I c1
2K41{ . . (I3) 

'\1 ! !ml 

But A is approximately proportional to T, so that 

2 A B 2 CA• P. = + A + -2---2, 
A - i\o 

where Ao is the wave-length corresponding to the period T = K. 
This agrees with the results of Helmholtz's theory, and with 
experiment. 1 

For values ofT not in the neighbourhood of K, the hyperbola 
I \VU.llner's H Experimental-Physik/' vol. ii. p. r6r, fourth edition. 
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may be replaced by its asymptote, and then it follows 
from (Il) that 

p." = e._+ 0_ (I - T' . . (I3a) 
l !m1 l m1 

the right-hand expression consisting of the first two terms of 
(I2a). \Vhenj = 2, or the molecule consists of a core and two 
shells, equation (8) becomes 

= P - c, T2 - c12T4 ( KI'Rl "- K,'R, ) . (r4) 
,-- I -! lm

1 
K

1
2 - T" ' K

2
2 - ·p 

or 

where x, )', a, !3, 7, have the same meanings as before, and 
a = - c1

2R2/lm1• The curve is therefore of the third order with 
two vertical asymptotes, x =- K 1, and x = K 2, and a third given 
by the equation 

y = a - 7K1
2 - aK 2

2 + (!3 - 7 - a)x •.. ( 15) 
If the curve nearly coincides with its asymptotes, 1"2 will be 

given approximately in terms of T 2 by (IS), except near the 
critical periods, and as before there will be three cases, viz. :-

(a) !3 -- 7 - a > o, I" increases as T increases. 
(b) !3 7 - a = o, p. approximately constant. 
(c) !3 7 a < o, p. diminishes as T increases. 

Near the critical periods p.2 will a! ways diminish as T 
increases. 

\Vhen the condition (a) is fulfilled, and the cnrve does not 
approximately coincide with its asymptotes, p. may continue to 
decrease as T increases throughout the whole branch of the 
curve between the two vertical asymptotes, the curve running 
from the upper left-hand to the lower right-hand side. 

The expmsions in powers ofT will be diffen;nt for the three 
hranches, viz. :-

ForT< K 1 , 

u
2 =a+/3x+x'( 7 + a )+ x"( 7 + 

,-- K 1
2 K 2

2 K 1"' 
+ &c . 

'\.._:.! 
. . (I6) 

ForT> K 2 , 

oK2
2 + (/3 - 7 - a) x - _I_ (7K,"' + aK/) 

X 

2, (7K1
6 + aK2

6)+ &r. .. .... (!6a) 
X" 

For K 1 < T < K 2, 

P.' = " - /'K,' + (!3 - /') x - 7K,• + ax' yJS," 
x K 1

2 x 2 

+ ax3 - 7KIS + &c. . .. • (I6b) 
K,4 x'l 

The first terms of (I6a) are identical with the right-hand side 
of (IS), and therefore if the curve nearly coincides with its 
asymptotes, it will closely approximate to the curve (14), except 
near the critical periods. This explains why Cauchy's expansion 
of p.2 in descending powers ofT, or of !\, gives approximately 
correct results. In this expansion the coefficient of T 2 vanishes 
if the asymptote is parallel to the axis of x, viz. if .8 = 7 + o, 
or if 

m1 = c1(l\}R1 + K2"R2) •••••• (I7) 
If o = o it reduces to the preceding case; the curve breaking 

up into the asymptote x = K 2
2, and a hyperbola. If 7 = o it 

breaks up into the asymptote x = K 1
2 and a hyperbola. 

In general, with a greater number of critical periods, if the 
curYe is of the order n, it will have n - I vertical, and one other 
asymptote. To the left of the first Yertical asymptote and to the 
right of the last there will be a hyperbolic branch, and between 
every two of them will be a branch of the curve proceeding from 
the upper left-hand to the lower right-hand side, either falling 
continuously or reaching a n1inimum, then rising to a maxitnum, 
and falling and approaching the next asymptote. There 
will be n distinct expansions for p.2 in powers of 'P, one for each 
branch of the curve. In many cases the curve, except near the 
critical periods, will approximately coincide with its non-vertical 
asymptote, and there will then be the three cases, (a), (b), (c), 
to consider, as in the previous exam pies. 

§ 3.-Dispersion and Rcjlc>dion. 
It is well known that the spectrum of light of a given kind 

depends on the function of 'P serving to express p.·'. The 

dispersion in a refracting medium will be designated as normal 
when, except near the critical periods, p.., diminishes without 
limit as T 2 increases, and anomalous when p.2 increases without 
limit, or passes through a series of maxima and minima. In 
the first case the colours of the spectrum will appear in their 
" natural " order, the smaller values of T' corresponding to the 
blue, and the larger values to the red end of the spectrum. In 
the examples cDnsiderecl in § 2 the dispersion will accordingLy 
he normal in case (c), and anomalous in case (d), while in case 
(b) the spectrum will be compressed into a line. 

\Vhen the dispersion is anomalous througlnut, the colours 
will appear in the inverse of the natural order, but it will be 
otherwise when it is alternately normal and anomalous. 

Consider, for example, the non-vertical asymptote in case (c). 
Then if there are only two critical periods there will be to the 
left of the asymptote x = K 1

2, a hyperbolic branch, along 
which p.2 will decrease continuously, giving normal dispersion at 
the blue end of the spectrum above the axis of x. Below this 
axis p." will be negative, and therefore p. will be imaginary, so 
that light of the corresponding period will be entirely reSected 
by the medium. From the point of intersection of branch 
of the curve with the axis of x to the point x = K 1" there will 
therefore "be a clark space or absorption band. To the right of 
this point p." will again decrease from positive infinity to a 
minin1um. 

Suppose this to be at a position for which x = p ahove the 
axis of x, the curve will then rise to a maximum, say for x = q. 
For p < T 2 < q the light will then be more strongly refracted 
than for T 2 < p, and therefore the corresponding colours will 
he displaced, and may overlap the colours for which T 2 < p. 
There will therefore be a dark band at the part of the spectrum 
which should be occupied by them, but this is not now an 
absorption band, and may be made to disappear by further 
dispersion. For T 2 < q the dispersion will be normal up to 
the intersection of the branch with the axis of x, from which a 
clark band wiil extend to the point x = K 2

2
, after which the 

dispersion will again become normal. 
Phenomena of this kind have been observed by Kuwlt and 

others, and the fctct that they follow from the formulre was 
considered by Thomson to afford important confirmation of the 
theory. In fact, taking T proportional to 11., the preceding 
equations do not differ essentially from those obtained from 
quite different phenomena by Sellmayer, YOn Helmholtz, 
Lommel, and Kettt;ler, and which have been shown to be in 
complete accordance with experiment. 1 

Sir \Villiam Thomson, in his Baltimore lectures, came to the 
conclusion that according to his theory metallic reAection would 
necessarily cause dispersion. This would be the case if there 
were only a single expansion fDl" p.2, but in the cctse of most of 
the metals there are so many lines, distributed over the whole 
spectrum, that there is no reason for selecting any one in 
preference to the others. The fact that all the colours are 
reAected to practically the same extent, whicl1 means that I'' 
must he a negative constant, may be completely explained by 
the assumptions that the corresponding curve of the 11th order 
approximates very closely to its n asymptotes, and that the 
single non-vertical asymptote is very nearly parallel to the axis 
p. = o. The essential portion of the curve may then be replaced 
by its horizontal asymptote, as in the cases previously con· 
siclerecl, in which !3 - 7 and !3 - "l' - o respectively were 
assumed to be nearly zero. The non-existence of dispersion 
does not therefore afford an objection to the theory. 

It is easy to see that by a suitable choice of the disposable 
constants, the curve may be made to practically coincide with 
its asymptotes, fur consider the curve of the third order given 
by (14). This may be written in the form 

(K1
2 -x) (K}-x) (y-a-f3x) = 7x"(K2

2 -x) + ox"(K1
2 -x); 

or 
(K1"-x) (K.'-x) (y-a-/3x+7K1

2 +oK/+7x+ox) 

=x'l (7+o- 7 K 1"-oK2
2 ) - x (7K1

4 +oK2"') 

-i-K1"K 2
2 ( 7 K1

2 +oK,'), 

and it is eYident that when K 1
2 and 1-\:2

2 are given, the right· 
hand member may be made to vanish by taking 7 and a small 
enough, and the required cunclition will then be fulfilled, since 
the left-hand member equated to zero represents the three 
asymptotes. 

1 See \Vlillner. YOl. ii. pp. w5 and 169, fourth 
edition. An outline of the various theorie:-:; of reflection and refraction 
will b:: :ll ):1 R ::por::s :or d3s anJ IS87. 
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§ 4·-Sf'cdra of Lum.inous Gaus. 

It was first sho'm by Kirchhoff that glowing gas2s emit light 
of the same wave-length, and therefore also of the same period, 
as that which they absorb. 

In the modern theory of gases it is assumed that the molecules 
of a luminous gas move over a certain distance, the length of 
the "free path," in straight lines, until they collide with other 
molecules, or with the sides of the containing vessel, when they 
move off rectilinearly in another di rection. 

At every coll ision the molecule is subjected to an elastic 
impulse in a direct ion passing through its centre, causing 
internal elastic vibrations. The periods of these vibrations 
could, on the analogy of a corresponding problem in the theory 
of elasticity, he calculated from a transcendental equation, if the 
interior of the molecule were uniformly filled with matter; 
according to Thomson's theory of molecular structnre they are 
determined a j>riori, being the cri tical periods o f the molecule. 
In fact, during the colli sions the external she ll s onl y are in 
contact, but the surrounding ether remains unaffected, and 
therefore the external vibrations must be of such a nature that 
i = o (§ I), which is the condition determining the critical 
periods. But according to § I these periods determine the 
wave-length of the light absorbed. Thus Kirchhoff's law is a 
consequence of the theory. 

It has hitherto heen assumed that the vibrations in a lll 'Jlecule, 
arising from the collisions, take place along a fixed <; iameter, 
ancl therefore that the vibrations due to one enconnte r a re not 
disturbed by a later one in anothe r direction. If the tempera­
ture or the density of the ga< is so great that the encounters 
follow one another very rapidly, the investigation of § I is no 
longer applicable, ancl light-waves of other than the critical 
periods will be emitted. If a second encounter takes place only 
after the vibration due to the first has nearly subsided , the 
period of the emitted light will only differ slightl y from a critical 
period. As the density and temperature increase, the brigh t 
lines will therefore gradually increase in wi\lth. 1 If a molecule 
receives impulses in different directions in rapid succession, very 
few of the vibrations will have the critical periods, and therefore 
the dark spaces between the bright lines will ultimately dis­
appear, and the spectrum · become continuous, as is 1\"Cll known 
to be experimentally true. 

§ 5.-App!ications to t!te TheOIJ' of H,·at. 

It will be of interest to see what explanation Thomson's mol e­
cular hypothesis can give of the inanncr in which the velocity of 
gaseous molecules can be increased by the action of heat, as has 
been assumed in what precedes. 

The energy due to the internal molecular vibrations cannot 
possibly exceed a definite maximum value, for the amplitudes 
and therefore the velocities of the centres of the shell s must have I 
fixed upper limits, since the shells must remain one within the 
other. This maximum may be attained either for vibrations of 
a single critical period, or of all the critical periods. Suppose ' 
this maximum value to have been nearly reached, then any 
further disturbance of the internal equilibrium, tenrling to 
increase the amplitude of motion of one of the centres beyond 
the maximum value possible while the centre of gravity remains 
fixed, will necessarily displace the centre of gravity, whether 
the disturbance be due to a wave o f light or to a mechanical 
impulse. 

This leads to the general and fundamental proposition that 
"A molecu le will begin to move as soon as the energy of its 
internal vibrations has attained its maximum value, supposing 
the external in!lucnces to which the attainment of the maximum 
is due continue to act." 

The internal equilibrium of a molecule may he disturbed 
either by light or heat, the disturbance in the case of light being 
due to its action on the critical periods of the molecule. A 
medium will therefore 'be heated when traversed by light-rays; 
the rays of the critical periods set the molecular shells in vibra­
tion, and when the internal energy has reached its maxinoum 
value, the centres of gravity of the molecules will begin to move, 
and this motion wi ll be perceived as heat. 

1 This result may be expressed by saying that the characteristic constant 
ci of the molecttle is a func.tion of the It i.:' preft.:rablt! to regard 
the ideal spectrum, whether due t .> e miss ion or absorption. as something 
definitely fixt! d ; external circumstances merely assisting or hindering its 
formation. 

2 Sir W. Thomson also points out(" Lectures," p. :2fb) that a considerable 
ncrease in the internal vibrations of a molecule m.ust se t it in motion, and 
hc:-cfr rc c:t1·se a prod.uct·ion of heat. 

The energy of internal motions therefo re accounts for a portion 
of the internal work of the mechanical theory of heat. 1 

The external wo rk is effected by the motion of the centres of 
gravity of the atoms, and this takes place in different and known 
ways in solid, liquid, :mel gaseous bodies. Heat may act on a 
medium either hy radiation or conduction. Radiant heat differs 
from light only in its act ion on our senses , so that what has been 
said about light will apply also to radiant heat. In the case of con· 
duction of hectt the process is exactly the reverse. The external 
work of the med ium emitting the heat will be transmitted 
directly to the medium rece iving it by contact-that is, by collisions 
of molecules." 

The disturbance of the internal equilibrium of the molecules is 
here merely a secondary effect, but in this case also the internal 
energy will gradually increase to the maximum 

The emission of light by a sufficiently heated solid is explained 
as in the ca>e of gases, hut the spectrnm in the case of the solid 
is continuous. 

Just as the action o f he"t may produce such violent molecular 
motion as to cause the emission of all possible kinds of light, so 
the action of light may produce a molecular motion giving rise 
to a special kind of light. This will only happen , however, 
when the molecule (owing to specially favourable values of the 

and 111 ;) is. specially susceptible to some amrmg its 
cnttcal penocls. In thts way the phenomenon of fluorescence 
may b<: explained. G. \V. DE TUNZt::U·IA:O::\. 

(To be continued.) 

SOCIETIES AND ACADEMIES. 
LONDON. 

Royal Society, Jur.e 21.-" On the Determination of the 
Photometric Intensity of the Coronal Light during the Solar 
Eclipse of August 28-29, 1886. Preliminary Notice." By 
Captain W. de\\' . Abney, C.B., R,E., F.R.S., and T. F. 
Thorpe, Ph.D., F.R.S. 

Attempts to measure the brightness of the corona made 
by Pickering in I87o, and by Langley and Smith, inrlependently, 
in 1878, with the result of showing that the amount of emitted 
light as observed at various ecl ipses, may vary within compara­
tively wide limits. These observations have been discusser! hy 
Harkness(" \Yashington Observations for 1876," Appendix III.) 
and they are again discmsed in the present paper. Combining 
the observation s, it appears that the total light of the corona in 
1878 was o·o72 of that of a standard candle at I foot distance, 
or 3 ·8 times tha t of the full moon, oro·ooooo69 of that of the sun. 
lt further appears from the photographs that the coronr>l light 
varied inversely as the square of the distance from the sun's li mb. 
Probably the brigh test part of the corona was about 15 times 
brighter than the surface of the full moon, or 37,00) tim es f.1 in ter 
than the surface of the sun. 

The instruments em ployed by the authors in the measurement 
of th e coronal light on the occasion of the solar eclipse o f :\ugl!st 
28 - 29, I886, were three in number. The first was constructed 
to measllt'e the comparatiYe brightness of the corona at diffe rent 
distances from the moon's limb. The second was designed to 
measure the total br igh tness of the corona, excluding as far as 
possible the sky eflect. The third was intended to measu re the 
brightness of the sky in the direction of the eclipsed sun. In 
all three methods the principle of the Bu nsen photometric metho,[ 
was adopted, and in each the comparison-light was a small glow-

1 The discrepanc: es occurring in the detcrmin:ttion of the atomic weigh's 
of gases may therefore he explained by as!;uming that in ternal work is done 
by the motions of atoms, instead of as:;ummg, as would otherwise he 
necessary, that the internal work is on ly done by the motions of the 
molecules and a decrc=tse in the attractive force between them. For 
''motion of the atoms" we: should have to substitute "motion of the inner 
spherical shells.'' 

2 For the method of deducing the differential equation of hcat·conduction 
from these con"id er.dion . .;, eumann , "Vorlestingen tiber die Theorie 
der Elasticit:it," § 59· 

3 Dulong's law of atomic heat gives some informatlon re specting the 
relative value of this ma:-.:imum . This law states that the qu;-tntity of 
internal work due to heating is apprcximately the same, at any rate when in 
the stare, fo r elementary bodies which are ordinarily s .•lid or littuid, 
a given number of atoms always requiring the same quantity of heat to 
produce a given rise of It follO\VS, then, t hat for these 
elements the maxlmum internal energy is very nearly the same. Carbon , 
silicon. sulphur) :t.nd phosphorus behave exceptionally in this, as in many 
oth er respects, and the law is lEt generally true for the elemen ts which are 
ordinarily Since the maximum value of the internal energy de­
pends on the diameter of the molecule, as well as on the constants and m i, 
it may perhaps be concluded that the diameter of the molecules of these 
e lements are approximately equal. 
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