
SCIENCE. [VOL. XX. NO 494 


SCIENCE: 

A WEEKLY NEWSPAPER OF ALL THE ARTS AND SCIENCES. 

PUBLISHED BY 

N. D .  C .  H O D G E S ,  

S u s s o ~ ~ ~ ~ r o ~ s . - U n i t e d  . . . .,... . . . .B8.50a year. S ta tes  and Canada 

Oreat Britain aud Europe..  . ... . . . . . .. . . . . 4.50 a year. 

Communicationswill he  welcomedfrom any quarter.  Abstractsof scientific 
papers are solicited, and one hundred copies of the  issue containing such will 
be  mailed the author on request in advance. Rejected manuscripts will h e  
returned t o  the  authors only when the requisite amount of postage accom- 
panies the manuscript. Whatever i s  intended for  lllsertion must he  authenti-  
ca ted  by the name and address of the  writer;  not necessarily f c r  publication, 
but  a s  a guaranty of good faith. we do not liold ourselves responsible for  
a n y  view or  opinions expressed in the  communications of our correspondents. 

Attention is  called t o  the "Wants  " column. I t  is invaluable t o  those who 
use i t  in soliciting iuformation or seeking new positions. The name and 
sddress  of applicants should he given in full, so t ha t  answers will go direct to  
them. The "Exchange " column is likewise open. 

Fo r  Advertising Rates apply t o  HEXRY F.  TAYLOR, 13 Astor Place, New 
Pork. 

A PLEA F O R  A BROADER BOTANY. 

BY L.  H. BAILEY. 

!CHE science of botany, as o r d i n a ~ ~ i l yconsidered and 
taught ,  has  not laid hold of tlie ful l  amount  of territory to 
which i t  is entitled, a n d  it  has not,  therefore, reached its 
fu l l  measure of usefulness. Strictly speaking, botany is the 
science of plants,  but by general consent i t  appears to have 
dwarfed itself into a science of wild plants ;  or if it deals 
with cultivated plants they a r e  such as  fall  to the care of 
botanical gardens, or ,  in other cvoris, those which are  culti- 
vated for the sole purpose of maintaining a coilection. I t  is 
no t  strange tba t  in  the earlier days botanists sllould have 
eliminated from their domain t.he whole realm of cultivated 
plants,  for  cultivation then rn?ant little elst. than the main-  
tenance a n d  improvement of plants for  r l~r re ly  econon~ic  
purposes, a n d  there mas little science of' cultivation. But  
now that  the teachings of' evolution have I l ~ r ~ ~ ~ v r ~  a ne;v pup- 
pose into the study of all  n a t u ~ * a l  objects, cultivated plants 
have  acquired a f a s c i ~ ~ a t i n g  illterest from the abunt ia i~ t  iigllt, 
which they throw upon rar iat ion and  drscent.  I n  Fact. 
aside from paleontology, there i.; n o  direction in i ~ l ~ i c l l  such 
a b u n d a n t  ~na te r ia l  call he found for the study of nroll.~tion 
a s  i n  cultiva.ted plants, for  in  n e a ~ l y  all  of' them the variation 
is  fu l lyas  great as  iu domesticated animals, ~ r h i l e  the species 
a r e  very many  times more numerous; and ,  ;)g l l ~ e  fos'let*ing 
a id  renclel*eii by m-in, the accuniulative effects of modified 
e n v i r o n n ~ e n t  2nd selection are  much more cjuicli!~ seeti -
and therefore nJo1.e intelligible - than in wild plants,  113. 
nearest ueighbor, who is a paleontologist, and nlgself, a i ~ o r -  
kiculturist, compare our  ~qespective fields of stutly to the de- 
c a y  and burning of a log. I11 both thedecal\- and  h u ~ ~ l i n g  
same amount  of worlr is finally accomplished ancl the sallie 
amount  of heat is evolved, but one process requires years, 
perhaps a century, for its accoaiplisllrnent, ancl the other  
requires but a few hours. Cultivated plants afford within 
definite periods of time as  much variation and  prog~.ession 
a s  their wild protot.gpes exhibit in  ages. So the  garden is one 
of tlie best places in  whict! to study evoiution. I t  is a com- 

mon opinion, to be sure, tha t  the variation of cultivated 
plants is anornalous and uninstructive because influenced by 
man,  but this is wholly erroneous. I have yet  to find a 
variation in cultivated plants  which can  not  be explained 
by  laws alreacly announced and  well known.  I t  is s t range 
that  o n e c a n  ever believe that  a n y  variation of natural  ob- 
jects is unna tura l  ! 

But wholly aside from the  fascinations of pure science, 
cultivated plants and  cultivation itself demancl the a t t e r i t~or~  
of the  botanists, for  horticulture is nothing more than a n  
application of the principles of botany. J u s t  now, mycology 
is ~ n a l t i r ~ g  ~ m p o r t a u t  additions t o  horticultural practice, but 
there are  greater fields for  the applications of a n  exact sci- 
ence of plant physiology, whenever tbat  science shall h a r e  
reached a proportionate development. I n  short,  the yossi- 
bilities iu horticulture, both i n  science a n d  practice, a re  just 
as  great s s  they a re  i n  the  science of botany upon i t  
tsests; a n d  inasmuch a s  i t  is  absolutely impossible to  separate 
horticulture and  botany by a n y  definition 01. a n y  practical 
test. the two should g o  together i n  a n  ideal presentation of 
the  science of plants. Horticulture belongs tobotany  ra ther  
than  to agriculture. 

The ideal chair  o r  department  of botany, therefore, should 
comprise, i n  material equipment, laboratories, botanic garden, 
green-llouses, orchards, vegetable and ornamental  garde l~s ,  
a l l  of which should be maintained for purposes of active iri- 
restigation rather than  a s  mere collections; a n d  I a m  sure  
that  n o  department of botany can accomplish the  results of 
which tlie scierice is capable until  such breadth of equipr~ieut 
is secured. I a m  aware tha t  there a re  difficulties i n  such a 
comprehensive field, but  the on ly  serious one is the lack of 
men. Botanists, as  a rule, care little for gardens and  culti- 
vated plants, and  liorticulturists a r e  too ap t  t o  undervalue 
the importance of scientific training and  investigation; taut 
tlie time carlnot be fa r  distant men shall appear with 
suRcient  scientific and practical t ra ining to appreciate the  
ueeds of-the whole science a n d  with enough executive ability 
to rnanage its marig interests. Such Inen a re  n o  doubt  
teaching i n  sonle of our  colleges to day,  :Yere tile opportunity 
o ~ x nto tlienl. One cannot  be a specialist in  al l  o r  even 
sevel-a1 of the  inany subjects compr~sed  i n  this ideal, but  l ~ e  
may posseis the genius to  encourage a n d  direct tlie work of 
other specialists. The first need is tlie opp3rtunity, for t b r r r  
is not yet, so f a r  as  I know, a n  ideal cllair of botany i n  cs-
isterlce, where the science c s n  be actively studied in its fuilt'st 
possibilities and then be pre,sented to the student and  tile 
\?.or1C?. 

Coruall Lioivers1t.r. 

TFIE LAWS XSD NATURE OF COHISSIOK. 

BY REGIXALD A FESSENDES 

D ~ s ~ x o n sof finding sonle relation between llle conductivity of 
111rta1s ant1 their oiher pl~ysical properties, tlie mriter. several 
yrars ago, began to tabulate all the data 11e coulil find. RvaIiziug 
t,he uselessnes? of comparing the properties of substances wiiose 
natures are esfent~ally flifferpnt, as wood and iron, it was deciclecl 
to coi~fii~e It was fou~ld tht.  worlr to tlie elemeiltarg sulr)stances. 
that the only elements wl~ose properties mere at  all weli k n o ~ r n  
were those of the five clien~ical groups conlprising the follo\x-ing 
metals : I., iron. nickel, cobalt, platinum. o s a ~ i u n ~ .  iridi:am; TI., 
soclium, copper. siirer, gold; III., magnesiuu~, ziuc, cadmium, 
mercurj ; IV., aluminium, tballitln~, indium, galliuru ; V.. sill-
co11, tin, lead, 

Tile data collected were not very concordant, bnt when they 
had been cornparedand the most probable values taken, layingclue 
stl.es* 011 the puritg of the sul~stancts examined and t l ~ e  standing 
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of the observer, various regularities or laws were a t  once apparent, 
and i t  is for the purpose of pointing out one of these that the fol-
lowing paper has been written. 

This piece of Inper, taken aii a whole. has certain properties, a 
certain size, a certain weight, a certain motion, and is the seat of 
a certain force wh~chattracts other ponderable bodies to it, A 
single atom of rnatter has its weight, motion, size, and force. The 
weights of the atoms form the bash of electromelric chemistry, 
$heir motion that of the kinetic theory of heat. To their size less 
attention haa been paid, we have only Xendelejeef's curve and 
certain experinients of Roberts-Austen, who has showed that the 
tensile strength of gold is weakened, not in proportion to the 
weight of the metal alloyed with it, but to the volume, in the 
same way as ten luinps of gravel weaken a casting more than ten 
grains of sand. Of the force - the force of cohesion- still less 
is known, in fact absolutely nothing. and the object of tliic, nole 
is to point out what the nature of this force is and what its laws 

are. 


In  its early youth science wab riotously estravaganl of ethers. 
and arny puzzling phenomenon was considered warrant enough for 
$he creation of a new one. As it has gro\vn older it has grown 
also more economical, until a t  the present day the scientist who 
should ask for a n  appropriation of a new ether, to help him out of 
a diEculty. mould be pounced upon. For this reason, if i~oother, 
we will confine ourselves to exanlining the various means by which 
our  present ether has been supposed capable of protlucing the 
dorces which cause cohesion. 

I. Gravitation. There have not been wanting eminent srien-
tists who have considerecl that gravitation could account for co-
hesion, and there have been many ingenious theories proposed, for 
instance that of Watts, who supposed that (since the effects of 
gravity on the moon's path may be supposed to consist of two 
parts, one independent of the ~ h a p eof the earth and rarying 
inversely as the square of the distance, tlle other dependent on 
the shape and vargxng inversely as the cube of the distance) if 
the atoms mere of irregular shapes it  might account for the ef-
fects. But no theory mith grav~tationas its basis \rillhold, first, 
becai~si. he effpcts are ntuch too i;mdll; second. because, as we 
shall see, the col~eaiveforce is totally independent of the weights 
3f the atoms anrl depends 011 the size only. 

2. Condensation and ratifaction of the ether caustltl hy the [no-
Sion c l  tile atom,. It we l~olcla pith ball near a i u n ~ n gfork the 
pitrl ball a ill Ire ,rttractetl up to a cot taia distailce, and will then 
be repelled ~f :,lougt~tcloqer. 'J'his thao! v has been a faroiite 
with many.  but,  as such an attraction vc-oultl vary wit11the rnorion 
.of tile ;rta~rrsin a \Tray tilai know the force of cohesion does 
-clot, it 3.1~0must be di~inissecl. 

3. electric it^. Tilab ilrc ioree of cohesion was dut?to electricity 
Etas long been r:i:z.aeiy s!ispecreii. On the same principle appar-
ently !hat eleclricitp w,is consideretl to be the cause of life, i .e . ,  
LLLifei3 2 wonderful t!ring atlc! IInell~lainable,electricity is a 
won:terfcl thing aud u!lexplainaI)le; therefore electricity is 
life " -- the argn,nent bring yoisiblj aided I)y an instinctive rec-
ollection of the Athenasion credcl, \vhich states that " tlkere is only 
one ineo~nprehensible."Tile wrircr is not aware thxt any evitl~nce 
i n  favcr of this theory was ever oflcred, so it was prohablg rrrerely 
a guess, 

H:rving rejected theories 1and 2, n-e may see hen- tlie facts 
agree wi th  tlic illeory tllat cohcsio:~is an eiectrost,atic, effect. 

BE we electrolyse a sulution of silver nitrate. we know from 
Faradap';: war!; that every aton1 of silver deposited on the elec-
troiles carries over a certain qnautity of electricity. This quantity 
is always the same, no rnatter how or when or where we perroriu 
4;he electrolysis, and this quan~i iysrems to be related to the 
atonrs in the scrmcsn-up as a pint of water to a p ~ n tLneastlre. TVe 
may tyalcultite the tluaatlty on eacll aton1 in the foilowlng way. 
One cubis centimeter of iil \er veighs about 10.3 graolmes Orle 
coulomb is carried over bv every 1.12 m~lligrainrne~oF ailver de-

we may call its size centimeters. In a cubic centimeter of 
silver then there would be 10a%toms, which would give as  the 
charge on each atom lo4 + loz4= 10-ao coulomb. The ca-
pacity of an atom having a diameter of 10-"entimeter is 

I U  -- (3.5 x farads.
18 x 10" 

The potential on each silver atom will therefore be about one 
volt. We may loolr a t  the cubic centimeter of silver as being 
made up  of planes, each plane consisting of one layer of atoms. 
The distance between the centres of any two layer* would he 
l o v 9  centimeters. The potential on the atoms being one volt, 
the attraction betureen any two layers would be 
4'5 XAO-" 

- la- grammes per cm' = 4500 lrg. per cm2= ral-

culated tensile strength of silver =4.5 kg. per sq. mm. 
From Wertheim's results we have observed ten.iile strength of 

silver 38 kg. per sy, mm. That the calculated and observed re-
sults should be so close is of course only a piece of good fortune. 
We had no right to expect it, as the data upon which the calcula-
tion is based are not known with sufficient accuracy. Still, thr  
result is a remarkable une, and places beyond question the fact 
that the known electric charges on the atoms can produce effects 
of the same order as lhose observed. 

Having -ihown this, we may follovv u p  the theory by investl-
gating in what way the cohesion of the metals would vary if this 
were the case. Evidently (since every atom, large or small, has 
the same quantity of electricity, and the larger the atoms of a 
metal the farther away the centres of the atoms would be) the 
cohesive force shonld be inversely proportional to some power of 

the size (or a to~nicvolume, as it is called, and which is got t,y 
dividing the atomic weight by th r  density of the substance). The 
following table shows t h ~ sto be the case. In the first column 
art1 the names of the metals. in thp ,icwmd tlleir relative sizes, or 
a t o m ~ cvolume^, in the third thzir rigidity, as given by 511.. Suther-
land 111 the Pl~ilosop7~zcalMcty~zut"of Augurt, 1891 :-

T. II. 
Iron 7.1 
Copper 7.1 
%inc 9.2 
Silver 10 2 
Qold 10.2 
i2luininiu1n 10.4 
Magnesium 14. 
Tin 16. 
I,eatl 18. 
('ad ~nirnll 13. 

As will be seen. the agreement i perfect, with the exception of 
iron, ; tn~lt h x e  who are familiar how greatly tlie prnperties of 
il.on are uhsnge,l by the  least particle of impurity mill possibly 
agree \vith me in thinking that absolr~telypare iron woilld be less 
rigid; in fact, s:;*ne recell; t~xperiinrnt-sshow that it is so, being 
nearer 600 th.rn 750.; but I have not inqerted this value, because a 
colnpxison with k t  set of obaervntions made by one observer a t  
one time and by one nilethocl wou!cl have a greater \-slue than 
comparison with :i lot of piclrecl res1.11tsfrom differerlt observers. 

hssl.xruing the eleotrostatic theory, we can easily calculate the 
ex,%ctfuncciou whic'i~rigidity should i)c of the at,09micvolume i n  

posited, therefolcl the cliarge on the atoms contailled 111one c ~ ~ b l cthe following way. 


oentimrter of silxer is 1,03:0 10, coulornbs. 
Suppoie Figs. 1 and 2 to represent. two cubic centimeters of 


=7 rlifferent elements, of which the atotns of one are twice the diam-
As dl~esizes of the atoms vary from lo- '  to l o - '  centimeters eter of the other, or, to put it; p o r e  accurately, the distance be-

i n  diameter, anti silver is a snlall atotrl jf t , l~ee i ~ eof' potassium), tween centres of atoms is twice as great in the one case as in the 

I .  1 0  
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other. Let 1contain the smaller atomr. Suppose one face rnacle 
fast t o  the plank p, and both sheered slightly tlll they have the posi- 
tion shown by the dotted lines It is evident tbat the ratlo of w o ~ k  
done in bringing the atom at  G over to H to that done in bring- 
ing E toD, or C to A, n.111 be the mean ratio of the force of attrac- 
tion between K and G to that between E and F. This latter raries 
inversely as the square of the distance, according to the rvell- 
known electrical law, and, consequently, as the dl-tance G K is 
twice that of E F, the work done in nioving E to D will be four 
times that done in moving G to H. Again, in Flg. 1 thrle mill 
he a3  as many atoms to be di$laced as in Fig 2 .  so that, on the 
whole, there will be 2? +- Z3 as much work done in di~l,lacmg 
the cube in Fig. 1as in F I ~ .2. In  other words, the rlgidity w~l! 
vary inversely as the fifth power of the d~stance between the cen- 

tres of the atoms, or as (atomic volume) 5. Col. IV. gives tl-e 
results calculated on this theory. As mill be seen, they agree fairly 
well. ns well as could he expected. considering the fact that w e  
have left ont one factor. This is the variatioir of rigidity with 
temperature, and as it mould be obviously unfair to corirpare lead 
and iilver a t  GOOQ C.. it is obrious that our calculated results should 
only be applied when the metals are a t  some one point, say, at d 
temperature which is 5 the temperature of their melting-point 
As those metals having the greatest atomic volume, as a rule, 
melt a t  lowest temperature (though there are many exceptions to 
this) we may make a rougll sort of formula, which shall give the 
rigidity at  ordinary telnperatnres by nlultiplying again by the 
atomic radius, so we get (atomlc volume) "s the rate a: which 

rigidity varies .rvith size of atoms. Col. V. is calculatetl in this 
may from the rough formula :-

Rigidity = -28 x lo1" 
- Equation I.-

(atomic volume)2 

The formula for Col. IV., and the more correct one, if we 
neglect variation of rigidity with temperature, is 

12560 x loq
-- Equation 11. 

(atomic volume) 7 

The other moduli are related to that of rigidity. For i f  we 

represent Young's modulus by f,then the rnoclulus of rigidity 
CL 
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The following is a table of the metals and their Young's modnli. 
Col. I. contains the observed moduli taken froin Sutherland's 
paper, and Col. 11, contains the calculated values from the 
equation. 

Equation 111. Young's n~odalus= 7 8  x 1 O l 2  (COTTPS-
(atomic volume)? 

ponding to Equation I.). 

Metals. 
Iron 
Copper 
Zinc 
Silver 
Gold 
Aluminium 
Caclnliurn 
3iagnesiunl 
Tin 
Lead 

There ic: only one metal wllich does not agree mith theory, and 
tbat is lin (iron, of course, on account of its impurities does not, 
but me knon. that, as we obtain iron more pure, we find its rigidit3 
less, so there is very little donbt but that if i t  mere abiolutely 
pure the agreetnent would be closer). But it is easy to show 
that the observed results of tin are u-rong. For the rigidity is 
given as 136 x log and the Young's modulus as 420 x 10" There-

fore, if we represent Young's modulus by -,1 then 1 
--
-

---. 

a 2 (a-tb) 

136. Solring this we get b = .55  cr. Therefore the bulk moduine 
420 

is negative, and the more tin is coanpressecl the iarger 
3 (a-- 2 6) 
it sivells, a result which is absurd. This will emphasize the 
fact that tlie agreement between theory and experiment is as close 
as that between the experiments themselves. 

I t  will be noticed that the ratio-rigidity, Young's modulus, ia 
29 1 - 1about -i. Therefore, as - --- Poisson's ratio f o r  
7 8  2 JCL t 0 )  2.7 ' 

these nletals is, on the average, 0.35. Therefore the latzlla modu-
lus = 1.1 times Young's modulus, which agrees with the only 
datnrn I find in Everett, i.e., Wertheims's figures for brass, w11iclr 
gives the ratio 9 48 :10.2 = 1.08, very closely. All these moduli 
must contain the atomic volume to the same power, but this is 
not the case mith the tensile strength; for, according to this elec- 
trostatic theory of cohesion. we rnay look a t  a wire as inadp up  ok 
thin discs, each disc consisting of a layer of atoms. The attrac- 
tive force between any two such layers would Tary inversely a s  
the square of the distance between them and directly as the n u m  
her of atonls in a layer. Combining these we find that ib wox~ld 
aary as the fourth power of the atornic radius, or as (atomic v d -  

unre)*, making no allowance for the effect of temperature on the 

is represented by .A -1tensile strength. The following table gives in Col. I, the oh-and the bulk ~slodulus by 
2 (a + b) 3 (a-26)' 

where b represents the lateral shortening accompanying the lonqi- 
tudinal lengthening a. So if b bears to 11 any constant ratio, then 
Young's modulus and the bulk modulus will each be some fraction 
of the modulus of rigidity. The continental writers, a t  least a 

good many of them, hold that -0 =-.1 Kelrin, Tait, and 
n 4 

Stokes say there is no relation. On  the one hand, it is certain that 

?is not constantly equal to &. On the other hand, it does not 
n 
f o l l o ~that there is no ielution between the two, and the evidence 
which has been brought to prove this has no value, for we have 

no right to argue from the facts that in inclia-rubber -b =-,1 
(L a 

b 1 bwhile in cork - = , say, - that -- does not have any con-
a 100' a 

stant ratio in metals. The laws \vl~ich govern the moduli of com-
pounds and non-homogeneous substances like india-ruhber and 
cork are not the same as those which govern lro~nogeneous sub- 
stances like gold and silver. 

served tensile strengths, taken from Wertheinl for wires 1 milli-
meter in diameter; in Col. 11. the atomic ofv o l ~ u n ~ ~the ele- 
ments, raisecl to the $-power; and in Col. 111. the calculated 
tensile strengths, as found by the formula. 

Equation IV. Tensile strength = 638 - 4 in kilo---

(atomic volume) 3 

grams for wires 1 millimeter in diameter. 

Iron 
Copper 
Platinum 
Zinc 
Silver 
Gold 
Aluminiunl 
Tin 
Lead 

Col. 1V. contains the melting-points in degrees Centigrade 
flonl absollite zero. Here we have to deal with a much more 
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complicated phenomenon than that of rigidity. Rigidity is sim- 
ply a function of the cohesive force. The tensile strength of a 
substance depends not only on the cohesive force of the metal, 
but also on its ability to resist flow. If a metal did not flow before 
being pulled apart, there is no doubt but that its tensile strength 
mould be proportional to the 4-power ot the atomic volume. As, 
however, it does flow, and the amount of flow is not simply pro- 
portional to the diminishing of the cohesive force, we have to 
make a fresh allowance for it. In all the metals the melting-point 
is reached when the linear expansion has an~ounte:l to about 2 per 
cent. So when the cohesion has diminished about 4 per cent the 
atoms no longer hold the same relative positions, but one can slip 
in and take the place of another. Soat  eyual distances from their 
melting-points only can the tensile strength be proportional to 
the &power of the atomic vol~une. Consequentiy this ratio can 
only hold good with substances which have approximately the 
same melting-point. On euam~ningthe table, i t  will be seen that 
as copper, gold, and silver have approximately the same melting- 
point, the ratlo does holcl good with them. The same with 
tin and lead. Aluminium and zinc, which should he, the one 
slightly weaker, the other slightly stronger, than silver, lrave a 
melting-point about one-half that of gold and silver, and they 
hare about half the strength at the temperature of comparison 
which they should have. The melting-point of iron and platinum 
is higher than that of gold or silver, and consequently their tensile 
strength is greater. The flow of a metal depends on two things, 
the cohesive force and the kinetic energy of the atoms. What 
function the flow is of the temperature, as reckoned in fractions 
of the temperature at  whirh the subitance melts, it is hardly 
worth while to go into now. If we suppose it  directly propor- 
tional (though we may feel fairly cer ta~n it is not as simple a 
function) so tbat, a t  the ?ame temperature, a metal melting at half 
the temperature that another does flon-s twice a9 easily, we get 
the following table, where Col. I. contains the observed tensile 
strengths, and Col. 11. the calculated ones: --

Metal. I. 11. 
Iron 
Copper 
Platinuln 
Silver 
Gold 
A l ~ ~ m i n i u m  
Zinc 
Tin 
Lead 

I have not been able to find any data on the tensile strength of 
magnesium. Theory gives about 9 kilograms for a wire 1 milli-
meter in diameter. I t  would be interesting to find if experiment 
con Firms this. 

If, mhen we have met a new phenomenon in a substance, 
and are able to show that a certain property already known to 
exist in the substance is capable of producing effects of the mag- 
nitucle observed, and that the phenonlenon obeys the same laws 
as it would if it were caused by the already known physical prop- 
erty, we are to a certain extent justified in supposing that this 
property is really the cause of the phenomenon in question, and 
in applying our knowledge still further, we have seen that the 
charges which me know the atoms have on them are able to gire  
effects of the same size as those observed in experiments on ten- 
sile strength, and tbat the various moduli follow the same laws as 
they would if cohesion were an electrostatic effect, and we may 
now apply our formula to other and less-known phenomena. 

The velocity of sound in a mire is given by the formula :-

Velocity = (Elasticity )+
Density 

Elasticity here means Young's modulus, the formula for which, 
as we have seen, was constant t (atomic volume)" and aton~ic 
volume is atomic weight t density, so we have velocity of sound 

constantin wire = (- - ) ' the constrot be- 
atomic weight X abomic volume , 

ing 78 x 10'" The following table gives in Col. I. the ~eloci-  

ties of sound in wires of a number of metals which have been 
tested, and in Col. 11. the calculated velocities for these and f o r  
other metals which have not yet been tested. 

Silver 

Copper 

Gold 

Alumin. 

llagnes. 

Zinc 

Caclmium 

Tin 

Lead 


Col. 111. gives the electrical resistance, silver being taken as 
100, and it may he noticecl that in any one group of metals the 
conductivity varies directly as tlie velocity of sound, and in pass- 
ing from one group to another, by multiplying the conductivity 
by the valency we get proportionate valclea far all the metals. 
The same holds good for the heat concluctivity. No close agree- 
ment can be expected here, for there are too many things to be 
taken into acconnt. I t  is merely ment~oned here because the 
fact of there being a relation between the velocity of sound and 
the conductivity for heat and electricity throws a light on the 
nature of these phenomena. This will form the subject of a sepa- 
rate paper. It  rnay be asked hozu an electrostatic force can pro- 
duce such effects. If the atoms are all  similarly charged either 
+ or - they mould repel each other and not attract. The expla- 
nation is probably this: The atoms, if we may call thern so, of 
electricity are not infinitely smaller than the atoms of matter. 
When an atorn is neutral it does not mean that it has no charge 
but that it has equal quantities of both kinds of electricity. The 
resultant effect of these charges on a body at  a distance is zero, it 
behaves as if it had no charge, as shown below, in A. 

If the atoms be brought close together there is a state of un-
stable equilibrium, and the effect is that either the charges move 
on the surface of the atoms or the atoms themselves move so that 
the atoms attract each other, as in  B. Consequently all atoms 

neutrally charged attract each other. If nothing further happens 
the attraction is sirnply cohesion. If, however, any third sub-
stance connects the two outside parts of the atoms and so enables 
these parts to neutralize each other we have chemical conlbination, 
and the two atoms when separated sliow opposite charges, as 
in C. 

Whether we accept the electrostatic theory of cohesion or not, 
from the above tables of moduli, the following lams are evident. 

I. In any two metals the force of cohesion varies inversely as 
the square of the distance between the centres of their atoms. 
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11. In  any one metal the force of cohesion varies inversely as 
the square of the clistence between the centres of its atoms. 

We may expect these facts to be of great use in the study of 
the properties of matter. For, knowing the size and weight of 
the atoms and the velocity with which they move, all that was 
wanting to enab.e us to calculate the behavior of t'he atoms of 
matter, in the same way as we do the ~uotions of the planets, was 
a knowledge of the lams of the force which holds them together; 
and, from the e c i ~ l e n c ~ ~  no that you given above, I have doubt 
mill agree with me in saying that we have at  least made a begin- 
ning in that clirectioi~. 

A few words rnight b~ said about Poisson's ratio. It is, as I 
said, not fair to argue from the behrtvior of cork or india rubber 
that there is no rell~fion between longitudinal extension and 
lateral contraction or between a and b. When \ve compress a 
cork we are not consprrszing h e  sul~staoce which foruis the cork 
any more than m e  a:.? cornpressing a piece of paper when we 
crumple it  up in our Iran]. il cork is like a dry sponge, and 
when we squeeze a sponqe up in our hand we are simply doubling 
up thecell-walls, not cxc~rnpressing the substance of the sponge. 
The only way in which we can (letermine the compressibility of 
cork is to soak it In etli-r or some sut~stance which fills all its 
pores and then subject it to hydrostatic pressure. In the same 
way when we stretch indla rubber, or ivory or jelly, the longitudi- 
nal extension of the p ic t i  of rubber is not io the least a nleasure 
of the longitudinal extrnsion of the s~~bstai lce 911of the rubber. 
such substances are niatle upof two parts; rubber. for instance, of 
a hard elastic s!ieleton, insoluble in most solvents, and of a soft 
plastic substanc ., solub!e in mang solvents, by use of which t,he 
two parts may easily .;eparated, sinsilarly ivory ancl jelly. Let 
us take a square cell as in Fig. 3, the walls of which are of elastic 
material and the contnilts an incompressible plastic substance. 
Suppose it to be extendell till its length is 4 centimeters and its 
breadth ancl tl~ickness each 2 centimeters. as in Fig. 4. The total 
area of cell-wall is 40 square centimeters, and the total volunlc of 
Incornpre?sible contents is 16 cubic centimeters. Imagine the cell 
to be released, it will regain its position as in Fig. 3, autl form a 
cube of sirle 2.52 centimeters. In this case. tlle volume beir~g the 
same, the cell area mill be 88.1 square centinleters. 80 we find 
that by stretching the cell till its length was 60 per cent greater 
Lhan before, we have only had to stretch the cell-walls 5 per 
cent. This gives us the explanation of the !~rell-known fact that 
stretched rubber contracts when heated For if we heat the cell 
shown in Fig. 4 tlie incompressible contents will expand ancl tencl 
to make the cell-walls take tirat shape in which they can hold tile 
most. This i~ obviously that of the original cube, therefore the 
result will be a contractior. 

Of course the formula, derived from this theory of cohesion, 
give us the means of calculating the phyoical properties of' metals 
which have never been examined, or even discovered. For e s -  
ample, it shows us that we have at  our disposal a nletit! far 
superior to any metal re t  k n o ~ n ,  one \vhic!~ is stronger than iron, 
lighter thau aluminium, and a hetter electrical conductor than 
silver. Aluminium, in spite of itslightness, is too wenlr n1ech:ini- 
cally and too poor a conductor to be 11sed in ntany cases. f3ut 
this new metal is four times as strong as aluminium, and is twice 
as good a conductor of electricity. Tile metal referred to is 
glucinurn or beryllium. All that is known about it is that it has 
anatomic weight of 9.1 and aclensity of 1.7 to 2 ,  the exact figures 
not being kuown. But from these scanty data xva can declnce 
the following figures: 

nIetal Rigidity Tensile st'gth Concluctivily S p ,  gr 
Alumin. 230 x 10" 18 Kgnss 60 2.15 
Silver 250 37 100 10.5 
Iron 750 49-65 14 8 
Calculated for 1300 

Glucinum 

We also see why diamond is so hard, and that there is only one 
other thing that might possibly scratch it, and that 1s a crlstal of 
manganese. w i t h  the exceptlon of giucinum, none of the 
metals, either discovered or to be discovered, are likelyto be any 
better than tliose we have now. 

NOTES ON LOCAL HEMIPTERA-HETEROPTERA. 

BY E. B. SOUTHWICK, PH.D. 

INthe C O R I S I D B  Corisa Harrisii Uhl. is very common 
in our  park lakes, a n d  the drag.net brings many  of them to 
land a t  every haul.  Another species as  yet undetermined is 
about one-third the size of Harrisii, and  equaily abunddnt. 

111 N O T O N E C T I D B  Notonecta undulata Say,  is very 
common. This was at  one  time known as  variabilis Fieb.,  
a name quite appropriate, for they a r e  variable to a marker! 
degree, some of thern being nearly white, while others arar 
very dark. ATotonecta ir?-orata Uhl. is also common. ant1 
is a very beau t~fu l  insect, and  more uniform i n  colorgtion. 

I n  K E P I D r E  Ranatra fusca Pal. Beauv. is our  only 
representative, a s  far  a s  my observation goes; this was a t  one 
time know11 a s  R. nigra H. Schf. 

I n  BELOSTORIATIDB we have two species. Benucus 
griseus Say., tbat  p a n t  among Hemiptera. This rnuch-named 
creature has  been ltnown as  B. haldemanzcs Leidy, B. har 
p a x  Stal. ,  B .  rzijiceps var.  Duf., B. distincturn Duf. ,  and  
B. azcgustatum Guer. ;  but a t  last has settled down to B. 
griseus, \\,11ich name, I hope, gives credit where i t  belongs. 
Zaitha,flurninea Say. is very common i n  our  lakes, and the 
females a r e  often lalren with their backs completely covered 
with eggs, deposited in  regular rows upon the elytra;  at the  
same time the young of a l l  s i z a  will be brought u p  with the 
d r a g n e t .  

I n  the  farnily HYDRODROMICA and  sub-family SAL-
DIDB I have but one repraeseutative species, Salda orbiculata 
Uhl. ,  a u d  it  is exceedingly rare. 

111 the su b.fan~ily ~YDROBATIDLEI have taken three species, 
viz , Linz17oporns rufoscutell~s Lat., Limnot?.echzcs mar-
ginatus Say. ,  and  Hygrotrechus remigis S a y ;  they a re  all 
about equally common on the waters of our  lakes and in 
ditches and pools. 

I n  the family REDUVIDlE the sub-family PIRATINA;s  
rep:*esenteii by fifelccnolestes picipes H. Schf., which is quite 
conlullon u ~ l d e r  stories along v\71tl1 Ca~abidm.  

Tn the qub-Family REDUVIINA Biplo-we have three species. 
dics luridzts Stal. is very common with us, but  in  Profesqor 
Uhler's l i i t  i t  is only given as from Mexico. Ackollc~W Z L Z  
tispilzosa is also common: this has bee11 I<nocvn as  -4. sex 
S ~ ~ T L O S Z I STIT~lE. ,and A suDcc~r?zcctusIS.Schf. 

Sinea diadenm F a b r  is not  rare  with u s ;  this  insect h a i  
had a number of names. and  has been studied as S. ?nzclii 
spinos1ts 9 e  G , S.hispidz~sThuilb., and  8.~aptcctorizts 
Say. 1have a pair ot insects from t h ~ s  State lahelied HUT 
pactor c i l~ctz~s  Fabr.,  whicl-1 a re  probably n ha t  1s now k t~owi i  
as  LII~Zynscinctus Fab.  They a r e  of a beautiful pinkish-
white color, and  liave the l ~ m b s  banded with black. 

111tllr CORISINAthree species of Co~iscz~ssub fanlily are  

r,eyresented. CO~*L'SCZLS Kirby, a very corll- 
s ? ~ b ~ o ~ ~ o ~ ) t ~ a t z i s  
rnon a n d  curious iqsect, and  f o r m e r l ~  known as  C.ca~~adelz-
sis Prdv., 6 .  annulat~is  Reut ,  ~ v h i c h  is  very raw,  a n d  C. 
ferns Einn, ratllcr common. 

I n  the famlly PHYhIh'P'IDkE the sub-farniiy ~ H ~ ~ I A T I K A  

is represented by that  very common and curious i r~rcct  Phy-
mata Wol.t)ii Stal.  Phytnata el-osa, which 1s quoted as  com- 
mon throughout the Stale of New Jersey, I have never  found 
here. 

I n  the family TINGlTIDA3 and sub-family TIXGJTIKAI 
have Cor~dhz'caarquafu as O n e  of the lnost 

Thls species of Tlngis is found on the butternut,  a n d  was at 
one time known as  Ti?~gisjzcglandis pitch,  and  Dr. Riley 
foutlcl i t  0x1 the  whltc oak. 


