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waves catching up the accelerating flame, and of 
the accelerated flame overtaking shock-waves that 
have passed through it previously. They have 
shown how such shock-waves may impose a succes
sion of ' uniform movements ' on the flame, and 
how these accelerated flames may start a measur
able distance ahead of the visible flame. When 
first confronted with such pre-ignitions, I attri
buted the appearance to halation on the photo
graphic film; but the later work by Dr. Campbell 
at Manchester has long convinced me that the ex
plosion wave may start under the influence of an 
invisible shock-wave ahead of the visible flame. 

I agree, then, with the authors on their interpreta
tion of the interesting photograph (Fig. 5). It is 
interesting not only because it shows the detonation 
starting at a point in front of the visible flame and 

throwing back a well-marked retonation wave, but 
also because it shows the peculiar banded structure 
(discovered by Dr. Campbell and his colleagues) 
not only in the explosion wave, but also in the 
region before the detonation is set up. Fig. 6 
gives an excellent illustration of the banded flame of 
the explosion wave, which, the authors agree, must 
be attributed to the rotation of the head of the 
flame round the inner surface of the tube as it 
advances with a helical motion-the explanation 
suggested and then demonstrated by Messrs. 
Campbell, Woodhead, and Finch. How this rota
tion is checked when the flame comes in contact 
with an electrified surface is only hinted at in the 
present memoir, but already the Fraser camera has 
brought other mysteries to light. It is a fine 
weapon-and in capable hands. 

Molecular Spectra and Molecular Structure. 

THE Faraday Society met at Bristol on Sept. 24 
and 25 for one of its valuable discussions 

on subjects of interest to physicists and chemists. 
The subject for this discussion was molecular 
spectra and molecular structure, and the importance 
of the subject could be gauged from the number 
of distinguished workers who were attracted from 
Germany, Holland, Switzerland, America, India, and 
Japan, and from the fact that thirty-eight papers 
were presented for discussion. These papers covered 
the whole field of inquiry in molecular spectra and 
focused attention on some of the problems still 
outstanding. The discussion was particularly valu
able as it brought together workers in the infra-red, 
visible, and ultra-violet regions and provided them 
with an opportunity of correlating their results 
with those recently obtained from a study of the 
Raman effect. 

One of the most important questions to be dis
cussed was that of notation, for the present lack 
of agreement causes much unnecessary difficulty in 
the reading of the prolific literature which is at 
present being published. R. S. Mulliken, F. Hund, 
and others have recently agreed upon a tentative 
scheme, which was presented by 0. W. Richardson. 
The main object of this scheme is to devise a 
notation in as close harmony as possible with that 
already agreed upon for atomic spectra. The 
quantum numbers nand l are retained with mean
ings analogous to those used for atoms, and in 
addition a quantum number A. is introduced for 
the projection of l on the molecular axis. Small 
letters are used for individual electrons, and capital 
letters for the electron system as a whole. Thus, 
the resultant of the l values of individual electrons 
is denoted by L, and the resultant orbital angular 
moment round the molecular axis by A. The 
individual electron spins are denoted by s, and the 
resultant by S, while the projection of S on the 
molecular axis is denoted by X. The quantum 
number of· the sum total resultant angular 
momentum is denoted by J as in atoms. This 
consists of the electronic spin vector S and the re
sultant of orbital and rotation angular moments 
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(together denoted by K). When individual elec
trons are known to have a definite angular 
momentum round the molecular axis, they are 
described as u, 1r, o, cp, ... electrons according as 
A=0, 1,2, 3 ... , inanalogywiththes, p,d,f, ... 
notation of atoms. For the molecule as a whole, 
the molecular states are denoted by l:, II, 6., <I>, ••• 
according as A =0, 1, 2, 3, ... , again in analogy 
with the S, P, D, F, ... terms of atoms. Multi
plicities are denoted as in atomic spectra, as, for 
example, 2L, 4II3fz· 

There seemed to be general agreement among 
workers present at the discussion with regard to 
these main features, and criticism was directed 
mainly against other minor details. Those inter
ested in polyatomic molecules urged, however, that 
the notation adopted for diatomic molecules should 
be capable of extension to more general cases. 

One welcome feature of the discussion was that 
it led to a general stocktaking of the present 
position, and stimulated workers to review the 
advances made in the last few years. 0. W. 
Richardson gave a summary of the results obtained 
for the hydrogen molecule, of which about forty 
different electronic levels are now known. W. E 
Curtis gave an account of the present position with 
regard to the band spectrum of helium, the analysis 
of which is nearly complete in the visible and ultra
violet regions. This spectrum is particularly inter
esting, as it shows that the l vectors of the individual 
atoms gradually become uncoupled from the nuclear 
axis as the rotation of the molecule increases and 
tend to become coupled to the rotation axis. The 
transition from one case to the other gives rise to 
striking anomalies of structure and intensity. 

Apart from hydrogen and helium, the band 
spectrum which has received most attention is 
carbon monoxide, and at present 16 band systems 
are known. A detailed account of these was given 
by R. C. Johnson, who directed attention to the 
recent discovery by Asundi of a quintet level 5II 
in this spectrum (the first quintet to be recorded 
in band spectra) and attributed the third positive 
carbon band system to a 5L-7 5II transition. This 
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conclusion is important, because, if correct, it 
necessitates a modification of the electronic levels 
of the CO molecule hitherto accepted. Johnson 
proposed a detailed scheme for the electronic con
figurations of carbon monoxide in its various levels. 
He also indicated the states of the carbon and 
oxygen atoms after dissociation from each state. 

MOLECULAR FORMATION AND DISSOCIATION. 

It is a matter of the greatest importance to the 
physicist and chemist to know what are the exact 
states of excitation of the component parts of a 
molecule on dissociation, for this knowledge can 
be used to control the reverse effect of combination. 
J. E. Lennard-Jones proposed an Aufbau principle 
for a number of diatomic molecules which provided 
this information. This investigation showed on 
theoretical grounds that some molecules would be 
expected to dissociate into normal components, 
others into one or more excited components. The 
molecular ion N 2 +, for example, would be expected 
to dissociate from its normal state into one normal 
N atom and one excited N ion, and it has been shown 
recently by Heitler and Herzberg that the experi
mental results point to the same conclusion. Other 
cases where a normal molecule separates into 
excited atoms were given in a paper by E. Bengtsson 
and E. Hulthen (Stockholm), who described some 
new results obtained for the spectra of some metal 
hydrides (CuH, AgH, AuH, etc.). A typical result 
is that CuH separates from its normal 1}; state into 
an excited Cu atom (2D' state) and an H atom in 
a 3d level. 

F. Hund (Leipzig) contributed a paper on the 
general criteria for chemical binding. Theoretically, 
it is now possible by the new quantum mechanics 
to work out the interaction of two atoms in a 
molecule, but actually the calculations are so in
volved and so laborious that they have been carried 
out only in one or two simple cases, and it is desirable 
to have other simpler methods to indicate whether 
two atoms can combine to form a stable molecule 
or not. A method successfully used by Hund in 
many cases can be illustrated by considering the 
two pairs of atoms H + H and He + H in their 
fundamental states. One can form a molecule 
(H2), the other probably not (HeH). The charac
teristic difference may be ascribed to the change in 
binding of the electrons in the two hypothetical 
processes : H + H-+ H 2 -+ He, and He+ H -+ 
HeH-+ Li. In the first case, the binding of the 
electrons increases in the transition from the 
separated atoms to the united atom, while in the 
second case the binding of one of the three electrons 
is considerably diminished. 

One of the interesting results of the work on 
band spectra is the determination of heats of dis
sociation. It has been observed that sets of vibra
tional levels often approach a point of confluence, 
that is, the separation of successive levels approaches 
zero, and it is now generally agreed that at the 
point of confluence one portion of the molecule 
(usually an atom) is separated from the remaining 
portion. If the vibrational energy levels can be 
followed up to, or almost up to, the point of con-
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fluence, the energy required for dissociation from 
the electronic level concerned becomes known. 
The ordinary heat of dissociation, as defined by 
the chemist, can then be deduced when the energy 
content (that is, the state of excitation) of the 
dissociated atoms is known. Unfortunately, it is 
not always possible to obtain a full set of vibration 
energy levels up to the limit of dissociation, and 
when only an incomplete set can be obtained, 
special methods have to be employed to infer the 
correct interpolation to dissociation. The most 
successful of these methods was given by Birge and 
Sponer three years ago and applied to nitrogen, 
oxygen, carbon monoxide, and other molecules. An 
improved method is now suggested by R. T. Birge 
which was described in a communication to the 
discussion. The essential point of the paper re
ferred to a new method of plotting the frequency 
of vibration, which, it was claimed, leads to more 
trustworthy values of the heat of dissociation. The 
most probable values of the heats of dissociation of 
nitrogen and oxygen are now given as 9·1 volts 
and 6 volts respectively. Out of this investigation 
has emerged the fact that in many cases the plot 
of the frequency differences against quantum num
ber possesses a point of inflection, which, it is 
suggested, is due to a discontinuity in the process 
of dissociation ; it is considered that at the dis
continuity, a molecular rearrangement occurs. 

The band spectra of polyatomic molecules show 
a more gradual transition from band to continuous 
spectra. V. Henri and his colleagues find that with 
complex molecules the bands become diffuse before 
passing into a continuous spectrum. These diffuse 
bands are attributed to a loss of rotational quan
tisation. V. Henri employs the term 'predissocia
tion ' to indicate the state of the molecule after 
receiving energy corresponding to the wave-lengths 
in these diffuse bands, and brings forward evidence 
to show that in this state the molecule is photo
chemically active. He concludes that the vibra
tional bands become diffuse on account of a mole
cular rearrangement which takes place within a 
time interval which is less than the period of 
rotation but greater than the period of vibration 
of the molecule. This rearrangement may consist 
of dissociation into atoms or may be due to some 
change of molecular level. In a discussion of the 
above phenomena, V. Henri showed that the pro
duction of diffuse spectra is favoured by raising 
the temperature. A paper by S. Barratt reported 
the occurrence of similar diffuse bands in the 
spectra of the molecules formed by zinc, cadmium, 
and mercury with the alkali metals. 

Ellis has applied the methods of Birge and Sponer 
to the calculation of the heats of dissociation of 
C - H and N - H groups in organic compounds. 
The results are in agreement with thermal data and 
indicate that the heats of dissociation of these 
groups are dependent on chemical constitution. 

A paper by Goodeve and Stein on the absorption 
spectrum of chlorine dioxide provided an inter
esting example of a change of slope on the fre
quency difference-quantum number curve. This 
is of a different type from that discussed by Birge. 
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The rotational structure of the vibrational bands 
disappears at the point of change of slope; 
these experiments link up with of. V. Henri 
on predissociation. The theoretical basis of such 
phenomena is far from being understood. 

BAND SPECTRA AND ATOMIC NUCLEI. 

The study of band spectra promises to be a 
valuable source of information about the masses 
and structure of nuclei, and in particular seems 
likely to lead to the discovery of many new iso
topes. The rapid advances which have made 
in this field during the past year were by 
R. T. Birge. Already it has been established that 
there are oxygen isotopes of mass 17 and 18, and 
that carbon has an isotope of mass 13. It may be 
that all elements have isotopes, although the agree
ment of Aston's mass determinations with the 
usual chemical atomic weights proves that any 
isotopes as yet unknown can only be present in 
very small amounts. For the detection of such 
faint isotopes, the analysis of band spectra seems 
superior to the mass spectrograph, though,. as band 
spectra give only relative masses of two Isotopes, 
the two methods must be used to supplement each 
other. 

The evidence of band spectra as to the spif!S of 
nuclei was summarised in a paper by R . S. Mulliken. 
In the spectra of molecules which contain two 
nuclei, equal both in charge .and other 
line in each series of band lmes IS relatively weak 
or else missing. Heisenberg and Hund ha.ve sug
gested that this phenomenon ?e explan:ed by 
assuming that a necessary conditwn of existence 
for any state of a molecule is it be antisym
metrical in all protons as well as m all electrons. 
The correctness of this antisymmetry rule for the 
extra-nuclear electrons in atoms is well established 
by the facts of line spectra. applicability to 
protons is confirmed by the spemfic heat and band 
spectrum data for hydrogen ,I but it 
to protons and electrons in complicated nuclei Is 
still doubtful. There are difficulties in the case of 
N 2• In most cases the intensities ob
served in the Raman effect are m complete agree
ment with those of band spectra and in accord 
with theoretical expectations ; but for nitrogen, 
Rasetti finds that transitions between the even 
levels of the ground state are more intense than 
those between the odd levels. As nitrogen in the 
ground state is 12; like H 2, and from the constitu
tion of the nuclei would be expected to have a 
nuclear spin like that of the result seems 
to be in conflict with the rule g1ven above. 

It seems as if the eigenfunction of the nitrogen 
molecule is symmetrical in the nuclei. This 
that the nitrogen nuclei follow the Bose statistiCs, 
whereas as pointed out by Mulliken, they would 
be to follow the Fermi statisti.cs, 
they contain an odd number of particles whwh 
follow the Fermi statistics. In the course of the 
discussion, G. Herzberg gave the recently pub-

• Added in proof: In a contribution to the d!scusslon just received, 
J. C. M. McLennan finds similar confirmatory evidence from the Raman 
lines of liquid hydrogen. 
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lished views of Heitler and himself that in the 
nucleus the electron not only loses its spin (as 
shown by Kronig) but also its influence on the 
statistics. If true, this is a new and remarkable 
result. 

THE RAMAN EFFECT. 

The discussion on the Raman effect was opened 
by Sir C. V. Raman, and papers were contributed 
by R. W. Wood, J. Cabannes, P. Daure, H. S. 
Allen, A. M. Taylor, and A. C. Menzies. Raman 
gave a historical of . discovery and 
emphasised the for up the 
with the diamagnetiC susceptibility and optwal 
anisotropy of crystalline substances. The new 
method has opened out many possibilities of de
velopment for the chemist, in particular in the 
direction of increasing our knowledge of the 
vibration frequencies and structure of organic 
molecules. The light scattered when a beam of 
monochromatic radiation passes through gaseous, 
liquid, or solid media is resolved into a series of 
bands of frequency, N ±n, n 
with the characteristic rotatwn and vibratiOn 
frequencies of the medium. The agreement be
tween the values of n and the frequencies of the 
infra-red bands affords a proof of the correctness 
of Raman's interpretation of the dis
covered by him. It is, however, one of the rmport
ant features of the Raman effect, that the fre
quencies of the scattered radiation the 
existence of vibrations in molecules whwh are 
optically inactive in absorption. These had 
already been inferred, but could not be demon
strated from the infra-red spectra. For example, 
Schaefer showed in his paper that the infra-red 
vibration levels of the C03 ion can only be inter
preted on the assumption a of. the 
absorption bands .due t? 
occurring in combmatwn with active vibratwns. 
The frequency of the optically inactive funda
mentals which is required for adequate explana
tion of infra-red spectra, is precisely that which 
is found in great strength in the Raman effect. A 
parallel case is of carbo.n 
dioxide the optically mactive vibratwn of this 
molecule coming out strongly in the Raman 
spectrum (Rasetti). . . . . 

The high degree of dispersiOn which IS possible 
by the Raman method, resulted in the separa
tion of the C - H bands mto several components. 
Raman showed spectra in which this band is 
resolved into four clearly distinguishable com
ponents, a resolution which has also been 
by Petrakaln and R. W. Wood. The latter 
buted a paper in which the improveme.nts J?
experimental technique necessary to obtam this 
result were described. 

It was emphasised that freque?-cies. of the 
lines due to C - H in aromatic and aliphatiC com
pounds are different, a1_1d the degree of polarisation 
strikingly so. The lines from cyclohexa:ne are 
intermediate between those of aromatic and 
aliphatic compounds. The theory of the 
and degree of polarisation of the Raman hnes 
received attention in papers by Cabannes, who 
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emphasised the value of the spectra in amplifying 
the information about crystal structure which is 
gained by the X-ray method. Daure directed 
attention to the differences between the spectra of 
liquids and gases, and pointed out the importance 
of the effect in the study of the association of 
liquids. A. M. Taylor's work on the Raman lines 
of AX4 ions shows that the frequency of vibration 
is diminished on destruction of the crystal lattice 
and on hydration of the group, and Menzies de
scribed experiments in which measurements had 
been made of the Raman effect with powdered 
crystals (see also NATURE, Oct. 5, p. 5ll). 

STRUCTURE OF UNEXCITED MOLECULES. 

In the last few years there has been a rapid 
advance in our knowledge of the rotational and 
vibrational levels of molecules in the unexcited 
state. The study of infra-red absorption spectra 
has revealed not only the magnitude of internuclear 
distances and the nature o_f structural arrangements 
in space, but also has yielded precise information 
about the rotational and precessional movements 
of molecules. Detailed knowledge is at present 
limited to simple molecules in the gaseous state. 
For complex organic molecules , studied in the solid 
or liquid state, only the vibrational levels have 
been systematically examined, such as those of 
C -H, C =0, C- OH, N -H, C=N groups, and the 
manner in which the frequency of these levels 
changes with modification in chemical constitution. 
In an introductory address on the infra-red spectra 
of gases, Sir Robert Robertson outlined the 
advances so far made, especially with reference to 
their bearing on chemical problems. 

E. F . Barker and C. F. Meyer, in a survey of the 
experimental investigations on the vibration bands 
of simple molecules in the gaseous state, proposed 
a method of classification of molecules into groups 
according to the complexity of the rotational levels. 
Diatomic and linear molecules like carbon dioxide 
and acetylene only rotate in a plane and show no 
precession. Methane, on account of its symmetry, 
can rotate about any axis without precession, but, 
in general, polyatomic molecules rotate with a 
precession the complexity of which depends on the 
molecular symmetry. Ammonia, ethane, methyl 
fluoride, etc., which have symmetry about one axis 
of rotation, give a less complex rotational structure 
than water, sulphuretted hydrogen, and ethylene, 
which possess three unequal moments of inertia. 
It is a curious fact that carbon dioxide is linear, 
while water is a triangular molecule. 

A noteworthy advance is made in the interpre
tation of molecular spectra by the application of 
the conception of nuclear spin. The acetylene 
bands exhibit a striking example of alternating 
intensities which are analogous to those observed 
in molecular hydrogen and can be explained in a 
similar way. The two hydrogen protons of acety
lene, both spinning in directions parallel to the 
axis of rotation, may have either the same, or 
opposite, spins. Thus there seem to be two types 
of acetylene molecule, just as there are two types of 
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the hydrogen molecule. The bands of molecules 
like methyl fluoride and ammonia, which have 
triple proton symmetry about a rotation axis, show 
every third rotation level intensified. The double 
Q branch of ammonia at 10·3 11' and 10·7 was dis
cussed by Robertson and Barker. The view ex
pressed by Barker is that the atoms of the ammonia 
molecule are nearly, but not quite, in a plane. The 
potential energy function for such a molecule would 
be symmetrical about the plane of the hydrogen 
nuclei and would have a minimum on each side. 
The possible vibration levels of the nitrogen in such 
a field would divide into sets, the eigenfunctions 
for one set being symmetrical and for the other anti
symmetrical. Moreover, the energy levels of each 
set would be approximately coincident. The sym
metrical set would be present for one type of nuclear 
spin, the other set for another type of nuclear spin. 
Combinations between consecutive levels of the 
symmetrical set give one of the Q branches of 
ammonia and the combination between the corre
sponding antisymmetricallevels the other Q branch. 
The double Q branch in ammonia may, therefore, 
be ascribed to the nuclear spins, as the symmetry 
properties of these determine the permissible sym
metry properties of the vibrational eigenfunctions. 

Mecke and Badger have succeeded in photo
graphing the higher harmonics of the frequency 
bands of ammonia which occur in the near infra-red. 
The fine structure of these bands is analogous to 
that of bands in the further infra-red. This is a 
marked advance in the technique of the study of 
vibration bands. 

The vibration levels of the C- H, N- H, C = 0, 
etc., groups are now known, due to the labours of 
Bonino, Lecomte, Ellis, Sallant, and others, and 
by the Raman method it is found that the C - H 
levels are multiple. There appears to be a level 
for each C- H group in the molecule, the greatest 
difference in frequency occurring between the levels 
of C- H in aliphatic and aromatic compounds. 
G. B. Bonino discussed the effect of chemical con
stitution on the fundamental frequency of this 
group, and considered the effect of lengthening the 
carbon chain, of the presence of the double linking 
between carbon atoms, and the influence of hydroxyl 
and halogen substitution. The extinction co
efficients of the absorption bands are found by 
Bonino not to be proportional to the number of 
groups in the molecule ; investigation of the 
individual C - H levels from this point of view has 
yet to be undertaken. 

THE SOLID STATE. 

In an address on the infra-red spectra of solid 
bodies, C. Schaefer summarised the information so 
far obtained with regard to the frequency of vibra
tion of crystal lattices and the vibration of atoms 
composing physically distinct groups in the crystal. 
The detailed investigations of Schaefer on the 
crystalline carbonates and nitrates have brought 
to light the optically inactive vibrations of the C03 
and N03 ions, and also have indicated in what 
manner the vibrations of the atoms in these groups 
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depend on the crystal symmetry. The main 
features of the vibrations of these groups, their 
frequency, for example, are but little affected by 
the cation. This is in accord with the structure of 
these ions as deduced by X-ray analysis. In uni
axial crystals, however, the frequency bands are 
doubled, and this may mean that the equilateral 
of the C03 ion is distorted, though this has not 
hitherto been detected by Rontgen analysis. The 
infra-red spectroscope can, therefore, be used to 
supplement researches with X-rays. 

Water of crystallisation gives nearly the same 
frequencies of vibration as liquid water, but the 
bands are doubled in uniaxial and tripled in bi
axial crystals, showing that the symmetry of the 
water molecule partakes of that of the crystal as a 
whole. 

This collection of papers when published in book 
form will doubtless be a welcome addition to the 
libraries of those interested in molecular structure. 

w. E. GARNER. 
J. E. LENNARD-JONES. 

Obituary. 
wALTER HEAPE, F.R.S. 

WALTER HEAPE, whose death occurred on 
Sept. 10, was the son of, Benjamin Heape of 

Manchester, and Mary Heape, daughter of Joshua 
Heap of Liverpool. Walter was born in London in 
1855, and after completing his education at the age 
of eighteen, entered into business, and was thus 
occupied until1879. He was a man of some fortune, 
and had business interests in different parts of the 
world, and to these he devoted himself intermit
tently throughout a great part of his life. But at 
quite an early age he realised that he had a natural 
aptitude for scientific pursuits, and coming under 
the influence of Francis Maitland Balfour, he pro
ceeded to study embryology, a branch of zoology 
which at that time was undergoing rapid develop
ment. 

Heape came to live in Cambridge in 1879 as soon 
as he gave up business. In 1882 Balfour died, and 
the organisation of zoological teaching and re
search in Cambridge fell to Adam Sedgwick, who 
carried on the tradition of his department as a 
centre for embryological investigation. In con
junction with· Sedgwick, Heape undertook the 
part-authorship of the well-known " Elements of 
Embryology ", published under the names of Foster 
and Balfour, and for many years in constant use by 
students of zoology. In 1882 he was appointed 
demonstrator in animal morphology, but he had 
no great interest in teaching, and after two years 
relinquished the post to take up the duties of super
intendent of the laboratory of the Marine Biological 
Association. This appointment he held for two years. 

In 1890, Heape was elected to the studentship 
founded in memory of Balfour for the promotion of 
zoological research. He was the second Balfour 
student (succeeding Caldwell) and he occupied the 
position for three years, after which he held no 
further academic appointment. 

Heape's earliest original work was that on the 
development of the mole, issued in the Quarterly 
Journal of Microscopical Science in 1886. This 
work is generally admitted to be a model of its kind 
and it definitely broke new ground. It was not, 
however, until Heape's tenure of the Balfour 
studentship that he commenced those researches on 
the comparative morphology and physiology of the 
reproductive processes for which he made his name 
famous. The earliest of these were upon the men
strual cycle in monkeys, and were published in two 
elaborate papers in the Philosophical Transactions 

No. 3128, VoL. 124] 

(1894-97). Not only did Heape describe fully for 
the first time the histology of the uterine cycle, but 
he also gave an account of the ovarian changes, 
showing that although the uterine cycle may con
tinue throughout the whole year, ovulation and 
breeding are often restricted to certain special 
seasons, and that menstruation, therefore, may 
occur quite independently of ovulation, a fact 
which has recently been confirmed by Prof. Corner. 
In order to investigate the subject as fully as 
possible, Heape went to India, where he collected his 
material, which consisted of monkeys of two genera. 
Afterwards he supplemented his researches by a 
study of the menstrual processes in woman, and 
published a paper in the Transactions of the Ob
stetrical Society. He also, about the same time, 
published papers on the successful transplantation of 
fertilised ova from one rabbit to another (and so into 
a uterine foster mother), on artificial insemination, 
and on fertility, barrenness, and abortion in sheep. 

Heape's best-known work is probably his memoir 
on the " Sexual Season of Mammals ", which ap
peared in the Quarterly Journal of Microscopical 
Science in 1900. It contains a comparative account 
of the cestrous cycle for all the different groups for 
which any data existed. This memoir formed the basis 
of much future work, and although a certain number 
of Heape's conclusions have had to be revised 
in the light of later investigation, the paper will 
always stand as the first important contribution to 
the comparative physiology of breeding in the 
higher animals. It is doubtful whether Heape 
ever fully grasped the significance of the endocrine 
functions of the ovaries, and he appears at one 
time to have entertained the view that the cestrous 
cycle might continue after these organs had been 
removed. But it must be remembered that he 
never had any training in physiology, neither had 
he worked in a physiological laboratory ; yet, in 
spite of that, his work gave a remarkable stimulus 
to research in the physiology of reproduction. In 
1905, Heape published a paper on ovulation and the 
degeneration of ova in the rabbit, in which he postu
lated the seasonal appearance in the blood of a 
' generative ferment' which was responsible for the 
reproductive and sexual activities. It is interest
ing to note that he was the first to discover that in 
the rabbit ovulation is dependent on coition, and 
that it takes place almost precisely 9! to 10 hours 
after coition, an observation which, with some modifi
cations, has since been extended to other animals. 
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