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cubic equation we find that a t  the critical point, T ,  the crilical 

-pressure = a 
Table I[. gives the results of this calculation, 

27 b" 
and it will be seen that the values for benzine and S O ,  :lo not 
coinciile with the values for T .  As the values of a and b were 
originally calculated from 7 ,  i t  is evident that some nlisprint has 
crept into the tables, and there is little doubt but that i f  tile cor-
rect values for a and b were substituted, tiley would fall into 
line and that in all cases the quantity a ,  In Van der Waal5' equa- 
tion, must be taken as equal to a quantity c, which is constant 
for all gases, multiplied by the atomic volume to the 9power. 

4. Electrical conductivity. As before mentioned linked atoms 
cannot conduct. If we examine the enclosed cube of the ele- 
ments, we see that the non-conducting elements ale found 
on sides E and Wof the cube, and these are the elen~ents whose 
atoms are linlred or plexed. We can tell this in the follo\ving 
ways :-

CUBE 06 THE E1,EMESTS. 

lst ,  By t l~eir  lorn sp,cific heats. Those who are acqua~nled 
with chemical l)lly~icli will recognize this fact and the neccjsary 
deluction. Briefly, if the kinetic energies of all molecules are 
the same at  the same teiuperature, then if the sulphur molecule 
in solid sulphur is triatomic, or has its mass three times that of 
one atom; then since all the - m s are equal, solid sulphur 
will only have + the specific heat it  would have i f  the nlolecule 
were nionatomic (provided that no work is spent in disassociating 
the molecule.) 

The standard atomic heat is 6.4. The following suhstanres 
have low specific heats, and are all insulators or poor conductors: 
Sulphur, 5.4; phosphorus, 5.4; fluorine, 5 ;  silicon, 5.8; carbon, 1.8. 

2d, By their vapor densities. If a substance has a biatornic 
vapor it is not likely that it  will be a nlonatomic solid, The fol- 
lowing substances have two or more atoms to the molecule when 
in the state of vapor: sulphur, iodine, bromine, chlorine, selen- 
i u n ,  tellurium, phosphorus, arsenic. And these are all it~sula- 
tors or poor conductors, while mercurj, cadmium, zinc, and 
sodium have monatomic vapors and are good conductors. 

As regards metals in the allotropic state. Allotropic is a wort1 
which has been used to cover a n ~ i ~ l t i t u d e  Every time of sins. 
an erring element goes wrong and misbehaves itself by ernpltasiz- 
ing some of its previous peculiarities, or developes some new 
ones, it is stigmatizeil as "allotropic." For instance, we see it 
st,ated that when iron amalgam is strongly heated the iron left 
h ~ h i n d  is allotropic because it takes fire in the air. But such a n  
action does not show that any new property has been developed, 
it merely emphasizes a fact already well known? i.e., that iron 
oxid~zes when expo;erl to air. A fine cambric needle will catch 
fire hen llcltl in the Harne of a Bunsen burner for a second, ant1 

will continue to burn like a match after it is withdrawn. When 
the iron is in a finely divided state, the surface exposed is gleater, 
and, tbe oxidation per unit of mass being much greater, the tem- 
perature of the iron is raised much more, thus favoring oxidation 
still more. 

I f ,  then, we are to use the word allotropic in this sense, we 
should logically speak of kindling-wood as an allotropic form of 
timber, for, as fire underwriters Imo\v, heavy timber is one of 
the most fireproof of substances. We niight also speali of that 
form of conscience which large corporations are supposed to 
possess, as an allotropic conscience. 

I f ,  however, \re do apply the word allotropic to such forn~sas  
Joule's iron, Cary-Lea's silver. etc., then we need another nord 
to express the changes in the physical behavior of metals which 
are not due merely to the accenting of known properties but to 
the development of new properties, due to the jo inag  of two or 
more atoms of a metal into one molecule. Polymerisrn might 
(lo, hut it does not lend itself easily to use, and for myself I pre-
fer to use the word plex, and to speak of diplexed iodine, tri- 
plexed sulphur, and of an element in a plexed form; though I 
have no doubt that if Clifford were still with us he r-ould say 
that two-linlied and three-linked are good enough for any honest 
Anglo-Saxon. 

.Is regards the contluctivity of allotropic" elements, there is 
no reason to suppole that the conductivtty of Joule's iron is dif- 
ferent from that of orclirlary iron. But when the element<s are 
plexed, as we have seen ak~ove.the resistance will be much in- 
creased and the temperature sufficiently lowered, because heating 
increases disaseociation nearly as fast as it lesscns rigidity, or 
even in t l ~ e  case of those alloys or elements with negative ten]- 
perature coefficients, faster. 

[NOTE.-With regard to the prer7ious paper, it may be noted 
that the explanation of the difference between cohesion and 
cllemical combination, that in cohesion the atoms are charged 
similarly in ererg w a y  except as regards position, thus -

while i f  an j  third substanc,e short circuits the a t o n ~ s  t l l ~ y  are 
let t chemically cot11 bined, tllns -

is also an explanation of a law which will pvobal~ly be found true 
in the near future, i.e., no two substances can combine with each 
other without the presence of a third, thus making all c l~en~ica l  
action the result of cat:?lgsis, plexed forms of the substances 
being capable of acting third substances. As regards the short- 
ening of stretched rubber hg heating, it is of course not to be sup- 
posed that the two parts of India rubber are literally contained 
one inside a sphere of the other, but that rubber rather resembles 
a tangled reel of silk emhedded in jelly. If we consider any ele- 
ment of the jelly, and we see that it is bounded on all sides by 
threads of silk, and that tl~ese will act as thecell-wall of the pre- 
vious pager. only "more so." The heating of ruhber when 
stretched may be explained conversely by checotnpression of tlle 
jelly-substance by the cell-wall substance. R. A. F.] 

THE GROOVE IS TIIE PETIOLE (3F LEAT'ES. 

BY AVEN KELSOK, UNIVERSITY O F  WYODlING, LARBDlIE, WYODfIHG. 

INthe ~ p t i n g  of 1892. I had the pleasure of making some ob- 
servations and brief studies, in coi>jul?ction with Mr. H. L. Jones, 
upon the origin and mare part~cularly tlle function of the groove 
found in the petiole of man) leaves, eepeciallv of Ecdogells. 
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Being a t  that time students in the Gratluate Department of 
Harc~atcl University. me laid" under tribute the varied and exten- 
sive resources of th r  Harvard Botanic Gardens. 

We first entered upon the histological study of the petiole and 
its groove, hut soondis:overed that that paint of view alone mould 
yield but meagre results: that we nlust depend largely upon 
actual expsrinlent with plants showing this characteristic, and 
even more largely get upon careful observation of the plants 
thenlselces in their habit of growth and mode of branching end 
the arrangement of leaves and roots on the particular plant under 
observation. 

I n  order to get a starting-point it became necessary to make 
some guesses or suppo~itions as to the origin or purpose. Some 
of these suppositions came after a time to be so strengthened as 
to justify us in calling them theories, a few of t ~ ~ h i c h  1mill give 
with some of the facts supporting them. 

In looliing for the origin we do not find the groove developed 
as a characterislic structure earlier than in the Endogens. It  is 
true that from the earliest differentiation of iissue into leaf we 
find in some instances the base of the leaf flattened and a stroug 
suggestion of a groove as seen in seine mosses, lycopods, ferns, 
and the bracts of the horsetails. 

Finding the .groove well developecl in the Endogens almost 
without exception, and ~ n u c h  less so in Exogens we are justified 
in concluding that in the Endogcns there exists a necessity for 
such :t leaf and petiola which is not found elsewhere. If,  then, 
we csn discover what this necessity is we shall, a t  the sattle time, 
have arrived at  the origin of the peculiarity, for a plant by selec- 
tion clevelops those structures best suited to its growth and per- 
petuation. 

Without troubling nlgself a t  present about the reason for the 
difference i n  the habit of growth of Exogens and Enclogens, but 
accepting these :is vve find them, keeping in mind always that a 
change in the hahlt of growth of one part of a plant, due to a 
change in surroundings, may necessitate a change in other parts 
as well, we will notice the habit of growth of Endogens. 

As a matter of fact vve do find them in all degiees from a corn-
pletely sheathing base to half-cyl~nders, even the latter of which 
is greatly stronger than the same amount of material in a solid 
column. 

Then, again, that mocle of attaching the leaf gives greater 
strength because one side of the petiole braces the other. That 
coulcl hest be shocvn practically, yet one can easily conceive t l ~ a t  
where, for instance, the extreme margins of the petiole are at-  
tached to thestem 180' apart, each margin furnished with its 
fibro-vascular bundles continuous into the stem, these marginal 
fibro-vaqcular bundles act as guy ropes upon the long peti Ied 
leaf as it is swayed by the breeze. 

We may further note the convenience of attachment with re- 
spect to the fihro-vascular bundles themselves. These being con- 
tinuous from the leaf into the stem and the leaf attaching in a 
serui circle at a uniform height on the stem there is no necessity 
for a ccnvprgence of these bundles a t  a given point. Rut a 
greater number of bundles can pass naturally and directly into 
that part of the stem down which they continue. As examples 
illustrating this I would call your attention to corn and the 
grasses generally. 

The groove having been fornied in  the base of the petiole it 
naturally p e ~ i s t s  tlrronqlrout it.; -,hole length and even in the 
miclrih of the leaf. Development in this manner, rather than a 
cliango from a grooved to a cylindrical form, reprcsents develop- 
ment along the line of least resistance. 

It  has been suggested that the groove represents the persistance 
of a tormer condition or type and that a t  present the groove is 
inereIr incidental and no Longer functional. This does not seen] 
prc,l.)able, however for as noted before we find little trace in 
formsenrlier thas Endogens and again passing away in Exogens. 
There i.; nothing to show that the groove is not to-day at  its 
highest state of clerelopment and differentiation. 

It  is developed, as I believe, hgcause of t t~r unbranched ancl 
often much shortened stem with the accompanying large leaves 
found in the Endogens. In Exogens, whcre found, ~t seems to 

Here we firrcl plants w ~ t h  an unl)ranched stem, someti t~~esperform the same functions already pointed out for Endogens, or 
quite long, but usilally short and often reducetj to a minimum. 
The leaves are, as colnparecl with the leaves of Exogens, few in 
number hut quite large, often extraorcl~narily so. In these facts 
we can see some reasons for the grooved petiole. Like all leaves 
they must be attached in some way, and nature will find the 
most convenient way if at the same time her other purpoees can 
be subserved. Now, where ?pace is a t  a premium as in very 
short stemmed species or as in palms where the leavesare crowded 
into a terminal bud, what better arrangement than gtooved 
fl-ttteaed petioles overlapping each other can be suggested? 

But it  is not only the most convenient may, it  is also the strongest 
way in which these could be attachecl. In a large number of 
plants we find the base of the petioles so closely overlapping tllat 
all are hound into so compact a mass that it wonltl he a l t ~ ~ o s t  im-
possible to pull out one without drstroyiug the tvhole whorl or, 
I may say, the whole plant. This sheathing and overlapping of 
the pe~ioles is coincident with the groove, or, I had better say, the 
groove is largely coincident with a sheathing base ofithe leaf. 

So then I would say that convenience of attachment for the 
leaf andgreat strength for the plant as a whole are tlre first gains 
to be noted. As examples I may cite most palnis and other Endo- 
gens with a very short sten1 anrl large leaves, or, tospecify a few, 
L ~ t a n i aBorbonica, Pandanus utilis, Homalonema caerulescens, 
several of the Bilbergiae, Crinurn asiaticutn, Pitcairnia hystrix, 
Bromelia piaguin, etc. 

Before leaving this subject of strength the gain to the indi- 
vidual leaves by a slleathiilg hase or grooved petiole needs to be 
noted. 

We are all aware that frorn a giren anlount of material a 
stronger structure is produced if arranged in the form of a hol- 
low cylinder than if in a solidcolumn. Nature nlakes use of the 
hollo~ir cylinder in grass stallrs where strength and ligl~taess is 
desirable, why not then, so far ail possible, use t(11e same econonly 
in  supp:~rting those immense endogenous leaves, many of which 
are subjected to tremendous strain because of the long p~tioles 
necessary to carry them out into the sunlight? 

oftener it is here merely a persiqtance of a former habit of 
growth. 

In the precetling statements I believe I have pointed out the 
ancestral significance of the groox-e iu the petiole. It now re- 
nlains to see whether, becanse of a change in surroundings, this 
groove has secc~nclarily taken on any new fnnctions. 

It  has been suggested : 1. That the groove and axillary pockets 
thus formed may be regions where the absorption of water takes 
place. 2. That the groove guides the water to tjhe joung nascent 
buds in the axils ant1 that these may ahsorb. 3. That the groove 
directs che water towards the main axis of the plant, and that in 
suc l~plants tlle root-hair area will be found near the main axis. 

If the above funct,ions are fount1 now to exist in some plants, I 
think they have been acquired secondarily and comparatively 
recently. The groove I consider coincident to and co existent 
with the endogenous type of vegetation. Furthermore, a t  the 
time when the endogenous type \\,as the prevailing vegetation, 
there wai: no necessity for the assumption by the petioles of the 
above-mentioned fnncticns. There are reaeolls for believing tliat 
the regions where this type of vegetation took its rise were ex- 
ceedingly well watered, and toe ground, being wholly shaded by 
the denseness of the foliage, was at  all points of nearly uniform 
moisture, nsually nearly saturated. In fact, this is still the con- 
dition where this t jpe  of vegetatiorr is most luxuriant. 

Careful rnicroscopic exaurination of the tissues and their ar-
rangement in the groove and in the axillary pocket formed by 
the petiole sho\verl essentially the same structure as on other parts 
of the petiole- cutinized almays, sonletimes as heavily as out- 
side, usually witliout stomat,a in  the pocket and few in the groove. 
A large number were examined, and it seems justifiable to con- 
clude that, ordinarily, the groove is not an abso~bing region. 

Thete are, liowever, a few anomalous conditioils and structures, 
the use of' which is difficult to comprehend. In the Bilbrrgias 
\ye find the base of the petiole bearingalarge number of radiately 
hranclied trichomes situated in small depressions in the epidermis. 
It  should be said that these petioles are so arranged on the stem as 
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to form pockets capable of holding water, and that  if these pock- 
e ts  are  filled with water the trichomes. both outside and inside, 
will be submerged. 

Also in Tulips the t~ghtly-folded sheathing base is covered on 
the  inside with a large number  of thin-walled hair-like trichomes. 
In fact, the  resemblance to  loot-hairs was  quite close. The  leaf 
Ira* adapted for guiding a n y  water that  might  fall upon it cli- 
rectly to this legion of tr ichon~es.  Here i t  seerns possible, a s  also 
in the  B~lbergias,  that the plants may have developed, because of 
a change in  ttle conditions under wllich they grow, these addi- 
t ~ o n a labeorbing structures. 

A series of experirnents. however, failed to give conclusi\-e 
pr.>of o f  th is  function. Several innocuous l i qu~d  stains were 
placed and retained for hours, and  even days, in these axillary 
lnckets,  a f t e r  which sections were made of various parts of the 
stern. In a few instances the t i s u e s  were unmistakably stained. 
Oitener, however, no trace of absorbed stain could be found. 

Yucca. a plant of aritl regions, possibly also absorbs water 
tllrougli the  hase of the petiole, since we find on that  part of the  
petiole which is wbollg buried anlong the pstioles of the  sur- 
rounding leaves a large number of stomata. 

These s t o n ~ a t a  may absorb water trickling into this region 
without at other times subjecting the plant to dessication, as they 
would if found on expost d parts of the leaf. 

Now as to the root-hair area. Do we find in thcee plants whose 
leaves direct the  water toward the niain axis that  the  area of 
root-hairs is near the axis, and, on the other hand, that n.1iel.e the 
water is  drained outward i t  will fall near the region ol greatest 
root activitv? 

I believe k e  do i n  a very Parge majority of cases. There a re  
plenty of exceptions, but  I believe they are  exceptions and not 
the rule As exall~ples note all  the grasses 1~1th  fibrous roots, 
a n d  many  otber Endogens growing from corms, bulbs, and 
rhizomes, f rom which grow out  great mas?es of short, fibrous 
roots. On the  other hand, note the forest treep, generally shed- 
d ing the water outward and carrying the water toward if not to 
the  root-hair area. But now I a m  not going to assert tha t  the 
groove has been developed in order to direct the  water inward, 
nor that the branches droop in order to carry it outward. On the 
contrary, if the root-hair areas are found as I have asserted, it is 
because these are  the areas of greatest moisture. not t ha t  these 
have  bzen made the  areas of greatest mo l s tu~e  because the root- 
hairs existed there. The plant i n  sending out its root? seelrs for 
moisture, and where that nloisture ant1 food is found in  its most 
available form, i t  will develop root-hairs. 

It does not seem then tha t  the  position of the  root-hair area 
had any  thing to do with the  original forrnation of a grooved 
prtiole, and I will again stale that  I believe the grooved petiole 
co-existent with an  I a necessity to the rndogrneous type of vege- 
tation. 

THE CLEANSING FUNCTION OF HAIRS. 

BY HENRY SEWELL, PH.D., M D , DENVER, COLO 

THE student of animal morphology is never so happy as  in  the 
discovery of a rudimentary organ or some structure uti ich seems 
a worthless burden to its posses3or; for,  with an  unacknowledged 
belief i n  a sort of teleology, he hopes by finding Ibe origin of t l ~ e  
useless appendage that  the tangle of phylogeny may be loosened. 

The student of animal physiology, 011 the other hand, is never 
rnpre complacent than when to  a n  apparently ~lseless st iucture c r  
unmeaning arrangement be can attribote some fnnction by 
c i r tue  of which the  body is made a more effic~ent machine. 

An interesting example of t he  subservience of form to  function, 
w l~ ich  the writer has  never seen mentioned, i s  found in the  a i -  
sarlgement of the  epidermic scales mllich form the  outermost 
l a ~ e r  of animal  hails. The buried edges of the  scales p o ~ n t  
towards the root of the hair, while the  free edges project obliquely 
in  thedirection of the  hai r  end, a s  the fihingles on a loof p o ~ n t  
to  the eaves. When a hair is draxvn betneen t h e  thunlb  and 
forefinger, which are gently pressed upon it ,  i t  will he found 
ahat the hair  glides far more easily when pulled from root to l ip 

than  in  the  opposite direction. When the hair  is simply rolled 
between the  thumb and finger i t  will gradually move parallel t o  
i ts  length in the  direction of the hai r  root. These rrsults depend 
altogether on the  way in which the  hair-scales project from the  
hair  axis. I t  is  at  once obvious that  foreign particles clinging to 
the hair  in situ would find easy the passage outward towards the 
t ip  andaway  from the surface of the body, bu t  exceedingly diffi-
cult  the progress in  the  opposite direction. E t e r y  moremcnt of 
the  hair, especially frictional disturbance, must set  u p  a current 
of foreign particles towards the hai r  tip. The housewife has 
long known by experience how much  Inore r e a d i l ~  a vigorous 
shaking cleanses a $1 oolen garment than one made of cotton. 

The sebaceous glands opening aL Lhe mouth of the hair follicle, 
probably play an  important part in snrface cleansing; for their 
oily ~ec re t ion  sticlrs together the particles of shed epit'helium, 
associated with all manner  of filth, i n  such a manner  tha t  the 
' ' hair-rakes" can, no doubt, more  easily remove them. 

Luilvvig long ago s h o w ~ l  that ,  i n  the same way,  the  mncus  
seerered by the surface epithelium of the  stomach and intestines 
agglutinates the detritus ~vhich covers the mucous membrane 
af ter  digestion, and  so makes possible i ts  removal by the pcris- 
taltic action. The housewife, again,  uses the same principle 
when she sprinkles a very dusty floor before sweepin$, and finds 
the filth to roll before her  broom. 

One mcre  reference to plijsiological bodg.cleaning: I t  has  
been found that  the  growth of epidermic epitheliu~rl proceeds in 
such a was,  a t  least in certain siruations, a s  to  reniove the worn- 
out cells elz masse. Thus, on the external surface of the ear-
drum,  the direction of growth is such that  the  epithrlial scales 
progress, pusher1 from below, steadily from the centre of t he  
membrane and then along tlie meatus to the cxterior. F o ~ e i g n  
particles l y ~ n z o n  tlie epi t ler t~~is  are  of course carried with i t .  

NOTES AND NEWS. 

THE first annual  nleeting of the  Ohio Academy of Science was 
held a t  C'olumhus on Dec. 29-30. 1862. After some formal bu?i- 
ness, s~ ic l i  as tlie appointuient of committeesj had been attendcd 
to, the reading of papers began. The following, among otheis, 
were read during the srrsion : The Advantages of Arzama obli- 
cl:~a!a For Laboratory Instruction, D. S. Kelhcott;  The Inhabitants 
of a Species of Gall on Wheat Plants, F. RI. Webster ;Some Anti- 
clines found in tlie Shales of Northeastern Ohio, Geo. H .  Colton; 
Lantern Slides without a Negative, W. G. T igh t ;  A Few Rare 
Ohio Plants, Aug. D. Selbg ; New Plants for thc Flora of Ohio, 
W. C. Werner ;Notes on the Distribution of Some Rare Plants i n  
Ohio, W. C. Werner ;  Lichens of Ohio, E E Eogue; Leaf Varia- 
tion : Its Extent  and Significance, Nrs .  W.  A. Kellerman; Some 
Insect Migrants in Ohio, F. M. Webster; The Uredineze of Ohio, 
Frecla Detmers; Ohio Erysiphem, Aug. D. Selby; The Develop- 
ment of the Berea Stone Industry,  J. H. Smith;  Snow-Roller?, 
W. S. Ford ; Note on  a Nest of White  Ants, d. L. Sadler and 
Mrs. 0. L. Sadler; The Histology of the Stem of Pontederia cor- 
da t a  L., E .  M, Wilcox;  Pulmonary Fistula in  a Frog, J. B. 
Wright  ; Note on a Skull  P i e r c ~ d  by a Stone Spear-Ilead, E .  W. 
Claypole. I n  the  evening the president, Dr. E. W. Claypole, de- 
livered the annual  address, talring for his subject "Devonian 
Ohio, or a Passage i n  the Making of the  Stale." Premising tha t  
such an  address should not be one intelligible only to geologists, 
as the majority were not specially devoted to tha t  science, he 
outlined the  geological history and growth of the region from 
the comrnencement of the  deposition of the Corniferous Limest,one 
to the  hase of the  Berea Grit. The first part  of the  era was a t ime 
of profound peace, when a coral sea overlay all the  State. This 
was followed by a t ime of debression. when the vast beds of sbale 
were laid down. The fishes of that  era,  as preserved in  these 
shales, came i n  for full  consideration, and their  immense bony 
plates were illustrated by numerous drawings. The leading gen- 
era were Titanichthys, Dinichthys, and Gorgonichthys. Mr. TV. 
K. Moorehead was appointed a committee on archwology, es-
pecially with a view to the  investigation of the antiquitirs of 
Ohio, and Professor G. F. Wright  was made a committee on 
boulders. 


