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through the rise of temperature, the intensities 
of all orders diminish, but those of higher 
order much more than those of lower. The 
effect was foreseen by the Dutch physicist 
Debije, and the amount of it was actually 
calculated by him on certain assumptions. I 
have found experimental results in general 
accord with his formula. I n  passing it may 
be mentioned that as the crystal expands with 
rise of temperature the spacing between the 
planes increases and the angles of reflection 
diminish, an effect readily observed in practise. 

This part of the work gives information 
respecting the movements of the atoms from 
their places, the preceding respecting their 
average positions. I t  is sure, like the other, 
to be of much assistance in the enquiry as to 
atomic and molecular forces, and as to the 
degree to which thermal energy is locked up in 
the atomic motions. 

This brief sketch of the progress of the new 
~cience in certain directions is all that is pos- 
sible in the short time of a single lecture: but 
.it may serve to give some idea of its fascina- 
ban and possibilities. 

FILLIAJCH. B~.aaa 

W A L T E R  HOLBROOE GASKELL (1347-1914) 

DR. WALTERHOLBROOK universityGASRELL, 
lecturer on phrsiology and prdector on nat- 
ural science at the University of Cambridge 
since 1883, died suddenly, after a short illness, 
on September 7, 1914. He came of a well-
known Unitarian family in the north of Eng- 
land, and was born at Naples, on November 1, 
1847. After receiving his preliminary educa- 
tion, he entered Trinity College, Cambridge, 
in 1865, subsequently taking a medical degree 
at  University College, London, in 1878. At 
Cambridge, Gaskell was one of the earliest to 
come under the influence of Michael Foster, 
then pmlector on physiology, and, at his 
instance, entered Ludwig's laboratory at  
Leipzig in 1874. Prior to Foster's advent, 
Gaskell had specialized in mathematics, being 
one of the wranglers in the Mathematical 
Tripos in 1869. From the date of his first 
paper, an important research on the vaso-di- 

lator fibers of striated muscle,l the rest of his 
life was devoted to those researches on the 
motor mechanism of the heart and the sympa- 
thetic system which have made his name so 
well known in physiology and clinical medi- 
cine. 

English physiology in the first half of the 
nineteenth century was represented mainly 
by the work of Sir Charles Be11 (spinal 
nerve roots), Marshall Hall (reflex action), 
William Sharpey (ciliary motion), Sir Wil- 
liam Bowman (theory of urinary secretion), 
William Prout (HCl in the gastric juice) and 
Thomas Graham (osmosis, colloids). I n  
1867 Xichael Foster was Sharpey's assistant 
at University College, and, in 1870, at Eux-
ley's instance, became prdector at Cambridge, 
while Burdon Sanderson became Waynefleet 
professor of physiology at Oxford in 1882. 
From the teaching and inspiration of these 
two nlen came most of the brilliant names 
which have distinguished English physiology 
in the later period, with the exception of 
Starling, whose name is associated with Guy's 
Hospital. Schaefer was a Sharpey pupil, and 
was persuaded bs Foster to devote his life to 
research. Leonard Hill and Gotch vere Ox-
ford men. From Cambridge came Langley, 
Henry Head, Sherrington, Roy, Adami, Gow- 
land Hopkins and Gaskell. 

When Gaskell began t o  work with Ludwig, 
every one believed in the so-called neurogenic 
theory of the heart's action, introduced by 
Borelli in 1680, viz., that the heart's move-
ments, beat and tonus are due to nervous im-
pulses. A little before Borelli, Harvey, in his 
demonstration of the circulation of the blood 
(1628), had advanced the idea that the heart 
is a muscular force pump, propelled by its 
own internal heat. This mystic dogma (the 
myogenic theory) mas stated in more modern 
form by Haller in 175'7, viz., that the heart's 
contraction is due to an inherent " irritability" 
of its muscle, the stimul s being the entrance 
and passage of venous bl od through it. Both 
theories, neurogenic and myogenic, have had 
their ups and their dow s to date. The neu- 
rogenic theory was res ited by Legallois in 

1 Proc. Roy. Soc. Lond. 1877, XXV., 439445.  
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1812, and seemingly confirnied by the  Webers' 
discovery t h a t  stimulation of the vagus nerve 
will stop the heart  (1845) ;am1 by t h e  discovery 
of intrinsic nerve ganglia i n  the heart by 
Remak (1848) and Bidder (1562), which were 
thought to be involved in the celebrated ex-
periment of Stannius (1852), viz., that  a liga- 
t u r e  or cu t  between the  sinus venosus and t h e  
auricles produces standstill, while a second 
ligature applied to the  auriculo-ventricular 
groove causes the ventricle to  beat again. The  
modern revival of the ~nyogenic theory is the  
work of Engelmann and Gaskell. 

Between 1814 and 1851, Gasliell made a long 
series of ingenious investigations upon the 
musculature and inn~rva l~ ion  of the heart, t h e  
results of n~hich, as given in his great memoir 
of 18812 and later, may be summarized, how- 
ever inadequately, as follows : 

1. Tho motor impulses froin the nerve ganglia 
in the sinus venosus are discrete, not continuous, 
stimuli, influencing the rhythm of the heart (its 
rate and force) but not originating either its move- 
ments or its beat. 

2. Cardiac muscle can contract of itself and is a 
stimulus-producer. The five properties of cardiac 
(or other) muscle, as deduced by Gaskell, are ex- 
citability, conductivity, tonicity, rhythmicity and 
automatic eontraetile power. This power of auto- 
matic, rhythmic contractility has been recently 
confirmod in Burrows's extra-vital cultures of em-
bryonic heart muscle,3 which contain no nervous 
tissue whatever. 

3. That the automatic contraction wave proceeds 
from sinus venosus to ventricle without nervous 
intervention is proved by Gaskell's and Engel-
mann's seations in the cardiac muscle, excluding 
the nervous tissues, and leaving only a narrow 
isthmus for the transmission of the rhythmic im- 
pulse. Gaskell re~~ersed this peristaltic wave by 
stim~~latingthe ventricle after the second Stannius 
ligature, showing that the normal impulse could 
not have started from the cardiac ganglia. 

4. Gaskell first produced experimental heart-
block" ( a  term of his invention) by clamping the 
auriculo-ventricular and sin.0-auricular grooves, 
which he calls ' ' the two natural blocking points" 
of the muscular contraction wave. In  his view, 
the original Stannius experiments become simple 

2 Ph,il. Tr., bond., 1883, CLXXIII., 993-1033. 
3 SCIENCE, 1912, XXXVI., 90-92. 

cases of temporary block. This view has been 
brilliantly confirmed by the discovery of the ves- 
tigial muscular structures known as the auriculo- 
ventricular bundle of IIis and the sino-auricular 
node of Keith and Flack; also by the clinical and 
pathological findings in the disease described by 
Morgagni in 1761 and now known as heart-block 
or the Stokes-Adams syndrome. Gaskell even pro- 
duced the kwo-, three- and four-time gallops of 
modern clinicians, in which the ventricle drops one 
or more of its beats. Schiff's observation that the 
vcntriele of a dying heant beats slower than the 
auricle is interpreted as the effect of a gradually 
increasing block. Gaskell also produced the clin- 
ical condition knom as "fibrillation of tho 
heart" in an irolated strip of cardiac muscle, in- 
terpreting the phenomenon as due to blocking of 
the conilections between individual muscle cells. 
In  recent medicine, the various rhythmic disorders 
of the heart are regarded, not a3 cases of nervous 
imbalance, but as the effects of blocking of the 
peristaltic wave which passes from sinus venosus 
io bulbus arteriosus, and from muscle fiber to 
muscle fiber. 

5. Sehmiedcberg's observation that stimulation 
of the vagus after administration of nicotine will 
accelerate the heart led Gaskell to GL series of inves- 
tigations in comparative histology. He found that 
the hearts of warm-blooded and cold-blooded ani- 
mals h'ave the same innervation, that the inhibitory 
fibers of the vagus are medullated, the accelerator 
fibers non-medullated, leading to the important 
conclusion that both sets of fibers belong, not to 
the cerebro-spinal system, but to "the great sys- 
tem of efferent ganglionated nerves" (autonomic 
system), the function of which is the redistribution 
of impulses along collateral paths by means of 
fibers passing to and from an especial sympathel,ic 
ganglion or synapse. The efferent nerve .cells of 
tho inhibitory system lie in the heart itself, those 
of the accelerator system lie in external sympa- 
thetic ganglia, the nerve cells in  either case being 
a switch (Foster's synapse) for the transmission 
of impulses. In  1890, Langley showed that nico- 
tine will paralyze the medullated or pre-ganglionic 
fiber of a sympathetic ganglion without affect-
ing the non-medullated (post-ganglionic) fiber. 
Schmiedeberg's experiment was, therefore, only a 
special. case of Laagley's nicotine effect. IIe was 
really stimulating the preganglionic or inliibitory 
fibers of the vagus; the switcliboard effect across 
the synapse was abolished, the accelerator fibers 
from the external ganglia being unaffected by tlne 
poison. 



SCIENCE [N. S. VOL.XL. NO. 1040 

6. The %apus, therefore, acts boil: as \cllip and 
bridle, spur and snafflc to the hcart. The ~ntiinsic 
ganglia heing only bridges for the transnlission of 
impulse, the true fnncdtlon of the vagus, in Gas- 
k ~ l l ' s  vicr, is not inliibitory but qu~cscent, acting 
ul)orl the hemt rr:u.;c>le itself. Oaskell revives 
~arcl l i 'a  l1ypoihcsis4 that the effect is chemical. 
'Tlrc vagus is defined :rs the anabolic n e r ~ o  of the 
heart. Inhibition is an:\holisl~?.' The vagus is a 
trophic nerve, hoth for muscle and g:znglia. 

7. Galr:~*lometer obseibatlons shored that stim- 
ulation of the accelerator and inllibitor fibers pro- 
clneed opposite electiical eiTects whicl: were indc- 
pendent of contraction, since tl:cy could 1)e ob- 
served in a quiescent heart. These eIect~omotlre 
effects were ijist ~nappt-d and measured by A. D. 
Waller in 1889. Ernthoven's strrng galvanometer 
made it possjblc for the physician to obtain "elec- 
tiocardiopams" or telegrams from the heart, giv- 
ing ~ t selectionlot ~ve  condition, a field of invest~ga- 
tion nhich GaslreIl was the first to enter. 

8. Qaslrell reqards certain discrepancies in the 
findings of experimentation upon the heart as due 
to chemical and nntritive changes in diffeient 
hearts a t  different timcs of the year. 

These results, the most important worlr on 
the heart  since T,udwig, are embodiecl parblg 
in Gaskell's Crooniaii Tkcture of 1881, and, in  
lnlore mature ant1 con~plete form, i n  hi3 splen- 
did monograpl~ i n  Scl~acfer's "Physiology " 
(1898). H i s  comparative researches on the 
innervation of different animals lead him t o  
his next great  work, the  mapping out and 
interpretation of t h e  nerve supply of the  en-
t i re  vascular and visceral systems, culmina- 
t ing  i n  his  cxhaustivc memoir of 1886.K I n  
this, i t  was shown, by microscopical observa- 

4 Borelli believed that a contracting muscle 
actually incrc:lses ill hulk through a fermentation 
started In its substance from a hypothetie "suc- 
G?(s" d i s ~ h a ~ g e dSronl the nerve. 

5 This vier is opposed by Langley, and it does 
not harmol~lze with the experiments on isolated 
llexrts in Binger's solution by TTo~~ell and others. 
The lrrnlting semi-permeable envelope of a living 
eell, organ or body is usually re~arded as the 
agent of anabolism, preveiltil~g the undue dissi- 
pat~on of cnergy. 

lion, that  the supply of nerves from the  spinal 
cord to  the eliain of sympathetic ganglia 
originates mainly from the  thoracic and upper 
lunlhar regions, i n  which white rami, made 
up  of ~nedullat~ed nerves, form the  connection. 
Although it is  11ow linown tha t  the  cerebro- 
spinal sgstenl alone governs reflex actioris, i t  
was forii~erly supposed t h a t  the sympathetic 
systeln was a150 concerned i n  the  change of 
afferent illipulses t o  efferent. The mapping 
out of the  sympathetic. nerves i n  their distri- 
bution from the  spinal roots between the sec- 
ond thoracic and second lun*bar vertel-IT* and 
the i~lrllision of the  nerves proeccding froni 
the  cranial and sacral nerve roots, as  a part of 
a greater system, distributed t o  the  viscera, 
blood vessels, ductless glands and all organs 
or regions supplied Bg smooth (involuntary) 
mn~rsclc, was thc special worlr done by Cas-
lrell. This  sjstem was dcfinecl ariil interpreted 
by 1,angley as t h e  " autonomic " system, the 
ftxnction of the sympathetic and crsnio-sacral 
autoilomics being the redistribution of irn-
pulses along all ellerent paths which do no t  
t e r n ~ i n a t c  in voluntary n~uscle, these paths 
proceecling from a neuron i n  the  spinal cord 
to  a n  external sympathetic ganglion or syn-
apse, f rom whence the post-ganglionic fibers 
pass to  the glands or muscles. The  study of 
these paths Gegan wit2i Gasliell's investiga-
tions on  the accelerator nerve? of the heart. 
Langley's nicotine method proved the nlenns 
of isolating indikidual synapses, as the drug 
acts seleetiveIy on the  autonomic ganglia and 
riot on the  cerehro-spinal. In internal medi- 
cine, the connection of the autonomic systems 
with the  ductless glands forms part of the  in- 
teresting theory of t h e  c~orrelation of the in -
ternal secretions advanced by t h e  Viennese 
clinician,, Eppingcr, Fal ta  and Rudinger. 

The  remaining years of C:aslrell's l ife were- 
taken u p  with his theory. formulated i n  1889, 
tha l  the  centrnl canal of t h e  nervous system 
was originally the  l u r n ~ n  of a primitive gut,  

(1 "On Djstribntlo~ and F~~nct ion  which is cxlucidated a t  length i n  his boolc on the Sir ~~cture,  
of the ;\'elves wliich Innervate the Visceral and ' T h e  Origin of Vertebrates" (1008). In  
Vascular S~stems," Jour. Physiol., Lond., 1886, 1898, i n  connection with his work on the  

V I I ,  I-SO. Ilyderabad Chloroform Commission, Gaskoll, 
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with Dr. L. E. Shore, made an interesting 
contribution to pharmac~logy,~showing that 
chloroform lowers blood pressure by acting di- 
rectly upon the heart, and not on the vaso- 
motor center, as had hitherto been supposed. 

Gaskell was an unassuming, sympathetic 
character, and i t  is said that every ph~siolo- 
gist who has worked in the Cambridge Lab- 
oratory since its start was his personal friend. 
His eminent colleague, Professor J. N. Lang-
ley, thus describes him : 

Caskell cared little for publie ceremonies, and 
rarely attended the congresses m-hieh beset the path 
of prominent scientific, men. IIe loved to work 
quietly, to cultivate his garden, to see his friends, 
and to take a hand at h hi st or bridge. His house 
at Great Shelford was a recognized meeting-place 
for physiologists, and his frank and genial wel- 
come will be a s  abiding recollection to all who 
knew him. 

F. H. GARRISON 
ARMYMEDICALMUSEUM 

DR. CASKELL'S m o m  ON ORGANIC xvo-
LUTION 

ITis not with any idea of writing an appre- 
ciation either of the man or of his work as a 
whole that I venture to present this sketch. 
His work within the limits of the narrower 
field of physiology-the observations on the 
effect of a rise in tension of the muscles upon 
the caliber of the lymphatic vessels, the long 
series of experiments upon the relation of the 
vagus and accelerator nerves to the heart and 
on cardiac muscle, the work on the nerves to 
the salivary gland-has been dwelt upon by 
0thers.l I wish rather to call attention to some 
of the unusual features, and their bearing on 
the wider biological problems of the day. 

Gaskell's work on the origin of vertebrates 
was begun under conditions that most inves- 
tigators mould consider unfavorable. His wife 
became afflicted with an obscure nervous dis- 
order, not diagnosed at  that rather early date, 
and his presence was required more and more 

7 Lancet, Lond., 1893, I., 386. 
ILangley, Nature, 1914, Vol. 94, No. 2343, p. 

93. British Medical Jourtzal, 1914, No. 2804, p. 
559. 

at  his home. Not wishing to give up inveati- 
gation during his enforced absence from the 
laboratory, and having his attention turned 
toward the central nervous system, he began 
to enquire into its origin and development in 
the various animal phyla. Regarding the 
nervous system as the fixed and permanent 
structure in phylogenetic development, he con- 
cluded that the alimentary tract might be the 
thing to be made over in the transition from 
the invertebrate with ventral nerve cord to 
vertebrate with its dorsal nerve cord, and drew 
up his scheme of the origin of the vertebrates 
on this basis. Although Gaskell has brought 
together a vast amount of evidence bearing on 
this point,2 his theory has been treated with 
scant courtesy by most morphologists. It is a 
common occurrence to hear i t  glibly and vigor- 
ously condemned by people who have nerer 
read his book or weighed independently for 
themselves the evidence adduced in support of 
the theory. I t  is worthy of remark in this con- 
nection that Gaskell was a pioneer morlrer in 
a line which has led in very recent years to the 
development of a large and important field in 
the morphology of the central nervous system- 
the field now included in the component theory 
of nerves. And he has shown in a way whizh 
has had its influence upon other theories of 
the origin of vertebrates, that the older idea of 
the formation of a new nervous system while 
the alimentary tract remained intact in phy- 
logeny is not an ass~~mption to be made lightly. 
Rut whether the theory of the origin of verte- 
brates as he propounded it be right or wrong 
a matter which I venture to regard as still un-
settled, certain of Gasliell's conceptions of the 
nature of fundamental biological processes are 
firmly and surely grounded. It is of these that 
I wish more particularly to speak. 

Gaskell recognized very clearly the impor- 
tance of the r81e played by internal processes 
in evolution. I n  1910, he wrote: 

Nlow the formation of the Metaxoa from the 
Protozoa and the progress of the Metazoa up- 
wards signifies that the separate units composing 

2 Gmkell, ' The Origin of Vertebrates, " New 
York and London, 1908. 


