
SCIENCE. 

withdrawal of light. But ,  in the present s tate of our knowledge, w e  
become painfully aware  that  we a re  lacking sufficient da ta  to  group  
even our most  iriiportant forest-trees in a series according to light-
requirements. This  is not so, however, in Europe.  Some forty 
years ago  German foresters made  observations along this line, for- 
mulating them and  elaborating rules for the  management  of the 
various species, especially in thinning, mixing, and  cutting for re-
procluction; and ,  although these rules have been practised for so  
long a t ime based on empirical knowletlge, it is only now that  Dr .  
ICienitz offers a physiological explanation of the difference in the 
behavior of trees untler changing light-contlitioi~s. H e  foiinti tliat 
o n  the  same branch those leaves which are tlevelopetl untler the 
full influence of the sunlight a r e  not  only, a s  w a s  Icnowii before, 
o f ten  larger ant1 always tougher in texture, and  thicker, but  they 
have a larger number of s tomata (or ' breathing-pores '), than those 
formed untler less exposure to sunlight. T h e  same, of course, was  
observetl in indivitlual trees grown under shatle and in full enjop- 
ment of light. If, then, the trees which have their foliage forrnetl 
under tlie shatle of outgrovving neighbors are sutltlenly placetl in 
different light-contlitions, the foliage is not atlapietl to perforiii i ts  
function a s  energetically a s  the stronger light necessitates. T h e  
buds which a re  fornieti in deficient light, show also in their leaves 
a deficiency in the number  of s tomata ; and  in consequence the 
favorable influence upon ~vood-for~nation,due  to increased light. 
for which the  thinnings and iiiterlucations a r e  made,  hecome in fact 
noticeable only the  second year, when new buds,  tlevelopetl untler 
t h e  increased light-influence, have forrnetl leaves atlapted to tlie 
changeti condit io~ls .  111 cf,nifers, wliich holtl their leaves for sev-
eral years, this atlaptation natiirally takes a much longer time ; ant1 
under ~~nfavor:rl)le conditions, i f  moved too sutlclenly from the shatle 
into the  light, tiley often lose their oltl foliage, and even (lie before 
the  new foliage adaptetl to the light-influence is sufficiently tlevel- 
oped to sustain the increased tlemantl of respirat~on,  transpiration, 
a n d  assimilation. 

" T h e  importar\ce of this knowledge I)econies apparent  when we 
at tempt to  formulate the  rules for thinnings, etc. T h e r e  is hardly 
any  line of investigation, ol~servation,  ant1 experiment more fri~itful, 
a n d  rnore neetletl for tlie practical purposes of forest planting and  
management,  than to establish this relation of our tirnher-trees to 
light-conditions. T h e  rational compositions ant1 form of our  plan- 
tations, their management and  reproduction, a r e  based upor1 this 
knowletlge, ant1 the proper application of it rnay I,e well termed 
the essence of forestry.' 

"Observations ant1 experiments, therefore, in regard to the tle- 
pentlence of our important timber-trees upon light-conditions, a re  
a m o n g  the tirst to be undertaken by the experiment-stations in the  
forest and in the nursery. 

"Hant l  in hand with these experiments, cvill go, of course, the  
inquiries itit(, the rate of growth and  yieltl before allutletl to. If 
there a r e  old grorvths at  han(1, the influence upon the yieltl of thin- 
ning with consequent ' undergrowing ' rnay be  ascertainetl." 

E T H N O L O G Y  

T h e  Preh is tor ic  Race of Spain. 

M ~ s s r i s .  H ,  AXII I,. Sr1iE.r have publishetl the I-esi11ts of their 
interestirig archzeological researches in south-eastern Spain, and  
from their finds trace the  history of the  primitive people inhabiting 
t h a t  country. T h e  most  ancient remains show this people living in 
the  neolithic periotl ; later on,  copper ant1 bronze were usetl. T h u s  
the researches of the authors give interesting confirmation of the 
I-ecently estal~lished fact, that  a copper age  precerletl the l ~ r o n z e  
a g e  in most parts  of Europe.  At t h e  close of the  bronze age,  
s ~ l e e ris tirst used, antl fortitied villages occur. A t  the  s a m e  tirue 
tile rnethotls of r n a n u i a c t i ~ r ~ n g  N o  iron was bronze a re  improved. 
found in any  of the  stations of this people. T h e r e  were two modes 
of i~urial: tile tleatl were burietl in large clay vessels, or the corpses 
were burnt. \Veapons, ornaments, tools, food, antl earthenware 
:ire always fountl in the graves, of which a b o i ~ t  a hantlred were 
,exploretl. T h e  latter have been stutlietl by Jaques. T h e  res i~ l t s  of 
t h e  latter a re  sun?marizetl by ICollrnann a s  follo~\rs. First  of all, 
the principal resi~lt  is of gl-eat value : various races occurrctl among 
these early inhabitants. No history mentions the name of this peo- 

ple. Since the neolithic period it h a s  remained in the  s a m e  local-

ity, T h e  impression is, that  its cul ture developed continuously 
without any  breaks. I t s  origin ant1 descent a re  unknown, but  o n e  
fact is shown by the  forms of the  skulls : it was  a European people, 
consisting of European types, the  s a m e  a s  live a t  present in 
Europe,  antl which lived a t  a still earlier period in the  caves of 
Estreniatlura and a t  the liitchec-mitldens of Mugem, or later on  in 
the  tlolmens near Lisbon. A series of tlolichocephalic skulls h a s  
been found with a n  average cranial index of 73.8, ant1 long face. 
T h e  nose is long and  the  orbit high. This  is tlie exact counter- 
part of tlie long sliull of the northern inhabitants of Europe.  Be-
sitles these, Jacjues found a short-heatled race, also with long faces, 
high noses ant1 orbits. The i r  type also occurs frequently in northern 
Europe.  A third race is also br;lchycephalic, but  i ts  characteristics 
a re  a broatl, flat face, antl strorrg prognath is~n ,  Broca considers 
this type mongoloitl. Nevertheless, from a study of the  photo- 
graphs  contained in tlie work, we  assume that  this race also is of 
exactly the saine type a s  the  European broad-faced, short-lieatled 
races, and  does not resemble tlie Mongols. Gesitles this, a race 
with broad faces ant1 long heatls, t h e  Cro-Magnon race of French  
writers was  found. T h e  fundamental conclusion froni these facts  
is, that  in this early periotl the  shores of tlie Metliterranean were 
inhabited by several European races. I<ollruann consitlers this re-
sult a confirmation of his theory that  the migrating European tribes 
spreatl early over the  whole continent, ant1 that  all European peo-
ples consist of a rnixture of these earliest inhabitants. 

THEEVOI,U~I.IOWOI:I\'ALIENTS. T h e r e  a r e  few branches O F  -

of ethnology in which the  usefulness of extensive collections be- 
comes rnore evitlent than  in the study of the tlevelopnient of orna-
ment. It is oiily in collections of this kind that  incidental orna-
ments can be  tlistinguishetl from characteristic ones. Since 
Holmes's atlrnirable st i~t ly of 111nerican ornaments, a number of 
essays have been publislietl, most of which refer to tlie islantls of 
tile Pacitic Ocean. Sonie titne ago  we mentioned Dr .  L. Serru-
rier's stutiy of arrows from New Guinea, \vhich ~~uhl i shec lw a s  in  
the  I~zfevi~c~f~i1nnlWh~1cyrnphzi~ali1rchizi~.T h e  5Iay nunlber of t h e  
yo;,l~v/z~zlof f i ls t i fute contains another paper d h y  A/z?hrnjolq~~icnI 
on a similar subject. Alr. Henry Balfour l iasst i~t l~ecl  a collection of 
arrows from the Soloinon Islands, \vhich are on exhibition in the 
Pitt Rivers N u s e ~ ~ n ~  at  Osfortl. T h e  ortiarnental tlesign of these 
arrows is in~~ari ; i l ) ly found iminediately above the  joints of the  reed 
of which the shaft is ~ n a t l e .  I t  usually consists of a number of 
incisetl s traight  lines, biaci;ened, and running parallel to tile shaft, 
so  a s  to form a l ~ a n t l  roi~ntl  it. Ualfour shows that  tliis tlesign 
originated in the necessary smoothing-off of the  joints. \Vhen this is 
(lone the fibrous nature of the su l~s tance  of the reed caiises narrow 
strips to peel away along tlie length of the shaft .  T o  prevent this  
peeling extending far, cross-notches were cut. This  was  the origin 
of the ornarnent, which was  later on retainetl, even when other  
rnethods of smoothiiig off the joints were usetl. Balfour compares 
this ornament with those of reed arrows from other coi~ntr ies ,  a n d  
sho\vs that  it is probably confined to the  Solomon Islands, other  
methotls of ornamentation ant1 of smoothing the  joint being used 
by other peoples. H e  mentions only a single a r row froin South  
America of a similar description. 

HEALTH h l A T T E R S  

Diagnos is  of H u m a n  Blood. 

THCtli;rgnosis of human blootl is tliscussecl by Dr. Henry Forlnad 
in  the  Jourizizl qf coin$arati7~e Meir't'~.iize. Especial attention is 
given to the metl~otls  of examining blootl-stains ant1 measuring the 
blood-corpuscles. 

For  testing the question whether a certain substance is I~lood o r  
not, the spectroscope and cheriiical re-agents come into p l a y ;  b u t  
for the recognition of human blootl the microscope alone is of any  
value, ant1 the sole methotl yet fountl availa1)ie with this instrument 
is that  of measurement of the  corpusc i~ la r  elements. T h e  differ- 
entiation of mammalian blootl from tliat of lower orders of animals 
is made  easy by the  fact that  in mammals  alone is the cell round 
and  non-nucleate(!. T h e  differentiation between tile blood of m a n  
ant1 that  of lower mammals  depentls entirely upon the  micrometer. 



SCIENCE. 

Only the following animals have corpuscles larger  than man,  i.e., 

larger than s&ii of a n  inch ;  viz., the  elephant, g rea t  ant-eater, 
walrus, sloth, platypus, whale, capibara, anct (according to W o r m -  
ley) opossutn. Animals the  corpuscles of which a re  slightly below 
m a n  in size, i.e., having corpuscles from s,'nn to of an itich 
average diameter ,  a r e  the  seal, beaver, musk-rat, porcupine, mon- 
key, kangaroo, wolf, ant1 g:jinea-pig. None of these a re  tlomestic 
animals. All other  animals, inclutling all tlomestic animals, have 
hlood-corpuscles of a mean tlianteter less than of an i n c h ;  
and ,  in fact, those animals which, a s  a rule, a r e  blanietl for blootl- 
s ta ins  fount1 on the clothing and  apparel of criminals (ox: pig, horsr ,  
sheep, anf l  goat) ,  have corl~uscles with a n  average diarneter less 
than of a n  inch. H e  suinrnarizes the facts a s  follows : -

I .  T h e  blootl-cor~)uscles ol  birtls, tishes, antl reptiles, being oval 
and nucleated, can never he rliistaken for hurnan blootl. 

2 .  Fresh  human 11lootl cannot  he mistaken, untler the micro-
scope, for the blootl of any aiiiinal the c o r p ~ ~ s c l e s  which aof have 

ELECTRICAL SCIENCE.  

Experiments in Proof of the  Electro-magnetic Theory of 
Light. 

IX his presidential address before the  mathkmaticxl ant1 physical 
section of the British Association, Prof. G.  F. Fitzgeraltl dwelt a t  
length on the recent experiments of Hertz in Germany o n t h e  prop- 
agation of electro-magnetic disturbances. T h e s e  experiments a r e  
of so  much importance, and g o  so  far  toward confirming the electro- 
magnetic theory of light, tha t  a brief ~*e'strme'of the subject  will not  
be untirnely. . .

1here have been for years two theories with respect to the  action 
upon each other of quantities of electricity, ant1 of elements of 
electric current. One  heltl that  the various phenomena were caused 
hy tlirect action a t  a distance ; the other, that  they were clue to the  
action of the intervening metlium. IYith respect to  the electro- 
static phenomena, Faratlap's discovery tha t  the capacity of a con-

niean diarneter of less than r$ua,or  even .,;',,, of a n  inch. denser varietl with different tlielectrics between the conducting 
3. i n )  I f  tile arSerage tliameter of blood-corpuscles in ltesh 1)lootl 

i s  less than rdou,then it cannot  possibly be  hurnan blootl ; (hi i f  the 
diameter  is more than .Aii, (c) ~f thethen it may he human blootl ; 
blootl-corpuscles, after esl~aust ive measurement, give a inearr t l i a~n  . 
eter  of rnore than :5:$a,, the11 it s:r human blootl (provitletl it is not 
the  blootl of one of the wilt1 l ~ e a s t s  referred to). . .I he foregoing al~plies especially to the  c:iagtiosis of fresh biootl. 
W i t h  regartl tq drietl l~looil, it is claimed that  this cat1 IJ+>recog-
nizetl jusr :is reatlily, proi.itletl it tias ilrietl cjuicklp. 13lood illat has 
tlrietl slo\vly uticle~~goes tlecoml~osition, antl its morpiiology cannot 
be  rnade O L I ~ .  A good liquid for re~~io is ten i t ig  blootl is A~IuIler's 
f l i ~ i d ;  11ut perhaps the best is Virchow's solution, co~iiposed of 
thirty parts  caustic l ~ o t a ~ h  water. least five ant1 seventy parts r l t  
hundretl ineasurelnents shoultl be m:ltie in order to estat~lisli the  
average tliatneter of the  cells. 

I f  the corpuscles a r e  spheroitlal f r o ~ n  absorption of Inolstilre, o r  
crenateii frorn tlrying, they may still be diagnosed, l~ecausc  such 
clhanges a r e  the same in the corpuscles of all aniinals, antl have 
really their l~roport ionate ant1 corr-espontling ratio of alteration in 
dornt ant1 t l i~l~ir ,ut ion in size, the range or  scale of diminution 1)eing 
always alike in the  s a m e  animal. 

'The reti hlootl-corpuscles that havehecome spherical from irnhibi- 
t ~ o nof iicjuitl have thus  presented in Dr.  F o r m a ~ l ' s  experiments the fol- 
lowing average tltarneters in the \rarious animals : I .  Alan, ,,',,incli ; 
2 ,  guinea-pig, z,',-, inch ; 3. \Volf, ,,A, inch ; 4. Dog,  .cii,inch ; 
5. l t a b t ~ i t ,,,i&inch ; 6. Ox, ,&, inch ; 7. Sheep, ,~+"-, inch ; 8. 
G o a t ,  ,?,, inch. 

These  tigures show that  the diameter of the artificially spherical 
c o r p ~ s c l e s  in each a n i ~ n a l  is just ahout  one-thirtl less than that  of 
tlie normal bi-concave or tlisk-like corpuscles of the  same animals. 

T h e  question has  long been a mootetl one, a s  to whether the 

microscope can be  tlependetl on to  deterni i~le positively, o r  not, that  

3. given specimen of hlootl is that  of a human heing. D r .  Formad 

believes that  this can he clone, while other micl~oscopists of equal 

eminence cleny t h e  possibility. 


VACCIN~ITION.'That small-pox has  greatly declinetl in E n g -  -

land (luring the  past  fifty years is apparent  from figures cvhich have 
been published 11y I jr .  Henry Thorne.  From 1838 to 1S4.z the  
d e a t h s  froin small-pox in Englantl  amounted to 57.2 per ~ o o , o o o ;  
in 1880-84 the tleath-rate was 6.5 per roo,ooo. H e  thinks that  
vaccination has  not only a direct i~ i f lue~ice  in cansing this retluc-
?ion in the number of victims to small-pox, but  that  it has  also a 
bendei~cy to decrease the  liability to the disease of ch~ltlrert of vac- 
cinated parents, In this connection it is interesting to note that  
~he:~fe i1 ' I '~a1 '~ ' r t~sss ta tes ,that, out of the  five thousantlchildren horn 
every month in Paris, only a thousantl a r e  vaccinated 11y the  medi- 
cal officers a p ~ ~ o i n t e d  T h e  remaining four thou- for that  purpose. 
sand  infants a re  therefore either vaccinated 1))- private practitioners, 
o r  not a t  all. Seeing, however, that  more than half the  population 
apply for a n d  receive gratui tous medical at tendance,  ant1 that  half 
t h e  burials a re  gratuitous, it is very unlikely that  all of the  four thou- 
s a n d  a r e  vaccinated a t  the  cost of the parents. I t  may fairly be  
assumetl that  a large proportion a r e  not vaccinatetl a t  all, antl that  
i s  why small-pox exists a s  a n  endemic disease a t  Paris, a n d  does 
mot tiisappear, a s  it has done, to a great  extent, in Germany.  

coatings, rnatle the theory of direct action extremely improbable;  
ant1 his work, with that  of Maxwell, has put the theory of a n  action 
of the tlielectric on a firrn foundation. 

IVitIi respect to electro-magnetic phenomena, however, the  case 
is tliffrrent. S'laxwell, in his magniticent \vorlc on electricity a n d  
rrl;~gnetism, tieveloped the itlea that  electro-magnetic actions a r e  
tlepentlent on the  surrountling ~nediurn ,  ant1 one of t h e  results is 
the  el'ctro-magnetic theory of light. But there has  been no  tlirect 
ant1 unquestionetl proof that  there I-eally is such an action in the 
tlielectric a s  Maxwell has supposetl. T o  illustrate the  fundamental  
itleas invol\zetl, suppose we  have a contlenser made  of two sheets 
of tinfoil with glass between ; ant1 suppose, further, that  we  have 
a battery whose poles may he connected to the  coatings of t h e  con- 
denser. If we suddcnlp connect the  poles to the  co,ltings, there 
will be a momentary current, which will iast oniy long enough to 
charge the contlenser, 11robaI)ly for only a small fraction of a sec-
ond. Now, the  general idea was,  that  there was a current  in the  
hattery, anil in the ~ v i r e s  usetl to connect it with the  condenser ;  
ant1 the result was  to charge the two coatings, one with plus, the  
other with minus, electricity; ant1 there the action stopped. Nax-
well's itlea was, that the  current, so  long a s  it lasted, was  perfectly 
c o n t i n u o ~ ~ s ,but  that  in the glass plate tlie action consistetl of a 
' d i s ~ ~ l a c e m e n tof electricity; that  is, consitlerirlg a number of ' 

planes drawn through the contluctors and  through the  glass, per- 
penclicular to the direction of current, the  amount of electricity 
crossing any plane was  the  s a m e  a t  the  same instant, but  that  in 
the  glass the result w a s  a s tate of strain, esac t lyas  i f  a spring were 
bent. 'The ainount of ' tlisplace~nent' tlepends on the  displacing 
force, - the  electro-mot~ve force of the battery. W h e n  the proper 
tlisplacement has  taken place, all further action ceases, unless t h e  
strain is too great ,  in which case the  clielectric breaks down, a ~ i d  
\ \ e  have the well-ltnown phenomenon of clisrupt~ve discharge. T h e  
amount of tl~splacernent determines the charge of the  condenser. 
\\'hen the  electro-nlotive force is rernoved antl the  coatings joined, 
the  strain in the  dielectric relieves itself, producing the  discharge. 

If we  charge the condenser with a n  alternating current, we  have 
in the glass continuous tlisplacernent currents, first in one direction, 
then in the  other. 

From this fundamenlal  itlea of looking to the dielectric for t h e  
really important part of the phenomena, RIaxwell was  led to con-
sider the  laws by which the vibration of electricity on  a small con-
ductor would be  propagated in the  surrountling niediurn. H e  
fount1 that  the  equations governing the  propagation were es,sen-
tially the  s a m e a s  those detluced from the  elastic solitl theory of 
light ; and he found tha t  the  velocity of propagation of such a tlis- 
turhance w a s  equal to a certain electrical constant  which has 
several times been tleterrnined, antl which agrees, within the  lirnit 
of experimental error, with the  value of the  velocity of light. H e  
also showed a relation hetween the  specific intluctive capacity a n d  
index of refraction of substances, which h a s  not been completely 
proved, but  which is suggestively close. 

Here  the matter  clropped for a while. T h e  theory has  been ex-
tentletl, notably by Rowland and Fitzgerald, to  account for other  
phenomena of light, but  no experimental evidellce of a conclusive 
nature has  been protluced. 


