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the electrodynamic theory of light in which the 
author demonstrates the ascenclency of Wil-
helm Weber over Jaines Clerk Maxwell and 
predicts that "the explanations furnished by 
the electronic theory . . . contain the germs of 
future progress in electric-light engineering." 
The reasons for this prophecy, however, are 
not disclosed. 

After explaining what an arc is, the condi- 
tions under wllich i t  is  formed and the 
method of adjustment the author describes the 
physical and chemical properties of typical 
electrode materials and the process of manu-
facture of carbon electrodes. This is followed 
by a brief discussion of the theory of electrical 
discharges based upon the electronic theory. 
I n  the fifth chapter the author reviews some 
of the investigations made upon spark dis- 
charges between electrodes of diflerent shapes 
in air. The treatment of this subject seems 
scant and antiquated in view of the many per- 
tinent investigations made during the past ten 
years. The effect of gas pressure, humidity, 
temperature and kind of gas is not considered. 

The most valuable contributions to the subject 
are made in the last three chapters. Tlle sixth 
chapter has to do wit11 the voltage and current 
conditions in the tlirect and alternating-car- 
rent carbon arc lamp, the seventh with the dis- 
tribution of energy in carbon arc lamps and 
vapor tubcs, and thc eighth with the relation 
between power and light emitted by plain and 
mineralized carbon arc lamps and vapor tubes. 

The author confesses that some of his re-
marks are of purely didactic nature, and these 
digressions, although prohibitive of smooth 
development of the subject, contain many valu- 
able suggestions. Tn expressing his disap-
proval of the term "watts per candle " the 
author has anticipated the recent suggestion 
of the term "lumens per watt." In remark-
ing that  "physiological ~ffects can no Inore 
be expressed in  mechanical horse-power than 
can, for instance, Eeethoven's 'E in th  Sym-
phony' " i t  mould seem, in  ~ ~ i e w  of the meas- 
urements reported by our moder~i nutrition 
laboratories, that the author might have chosen 
a less vulnerable example. The text at times 
seems to rise above the subject, the discussion 

in places being supported by cosmogonic reflec- 
tions and the fourth dimension. 

R. G. HUDSON 
MASSACHUSETTS OF TECHNOLOGYINSTITUTE 

SPZCIAL ARTICLES 

LIGHT AND THE RATE O F  GROWTH IN PLANTS 

A STTJDY of the development of about a hun- 
dred seed-plants in darbness in  an equable 
temperature chamber froni 1900-03 in  the 
New Yorlc Botanical Garden gave foundation 
for the following statenient : 

The failure of a large proportion of the forms 
examined to make an accelerated or exaggerated 
growth when freed from the influenee of light, 
even when provided with an adequate food-supply, 
shows that light has no illvariable or universal 
relation to increase in lcngth, or thickness or to 
the multiplication or increase in volume of sepa- 
rate cells.1 

Precision appliances for the measurenient 
of illumination and of other environmental 
conditions in daylight were not avai1:lble a t  
that  time, and i t  was therefore not possible to 
follow the contrasting reactions which ac-
companied illumination and shading of the 
large plants which were the subjects in tho 
extended experiments. I n  one series, however, 
the petluncles and scapes of 81.isaerna nearing 
the end of their period of elongation showed 
in initial acceleration when light was totally 
excluded from the plants. This acceleration 
reached its maximum in twenty-four hours 
then decreased to a minimum equivalent to 
the original rate in about four times this 
period. The older plump assertion that "light 
retards growth" continued to be cited withont 
modification by wrilers of text-books and corn- 
pendiums. The few investigators who tursied 
attention to the subject have been colitent with 
referring to suchl cyclopedias. Thus Blaaum" 
says, in discussing positive and negative photo- 
growth reactions : 

1 MacDougal, "Infl~~ence of Light and Dailr- 
ness on Giowth and Development," Afe~n.N. P. 
Bot. Curden, 2, pp. 307, 308, 1903. 

ziiThe Primary Photogrowth Reaction :tnd the 
C~use oC the Positi~e Phototropism in Phycomy-
ces nitrns," Icon. Alrad. van Wetensch. te Amster- 
d n ~ n .Proc. of meeting, January 31, 1914. 
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with lcgard to tile existence of a sharply dcfined 
reaction of this k~nd,  practically nothing can be 
dcd~lced from literat~ure references, a t  least tho 
general opinion about the influence of light on 
grovtth i~ completely at  rsrisucc a i l h  tl~esc facts. 
In the firbt place so far as eoneerus the positive 
or ncgalive influenc2e of light, the general con-
ccption, supported by numelour facts, is that llght 
exercises a retarding influence on growth. 

P,laauw's results which are  described i n  the 
paper ~nentionerl above anrl in a later paper3 
confirnl my original thcsis tha t  light (docs not  
csercise a flat or invariable elyert on growth. 
F~rr thermore Tilaau\v'a beautifully arranged 
experiments 1 3 ~ -whicah sporailgiopllores of t h e  
mould were expobed to illunlination from four  
or eight sides, with controlled intensities, 
denzon.itrate that  the fiml reaction of this or- 
gan to a s i~dden  illumination is  a n  accelerated 
ra te  of grorvtll, fo!lo\ved by a gradual decrease 
from which a recovery is  made to the original 
rate. It is to be s w n  that  the  general mode of 
chnugc is similar to  that  of nlassive or-
gans deprived of light as dcscribcd above. 
A~ner ican  reoiewers seen1 to have hcen equally 
ignorant oC my earlier experiments, n7hich had 
the force of rendering the  older generaliza-
tion invalid. Fnrthermore the indirect effect 
of l ight  i n  conditioning diflerentiations of 

force of growth is  not osn~otic bu t  hydrntation 
pressure, and he relegates osmotic pressure, 
turgidity and i t s  corollaries to  a n  inconse-
qlxerltial place in  the entire nlatler.* 

Several features of the  growth and hydrata- 
tion of cacti are not  without importance i n  
connection with any  consitleratiurl of this 
matter. The researches of Richards and of 
Spoelir a t  the  Desert Laboratory shorn tha t  
the acidity (malic and oxalir) of the sap of 
cylinclropuntias and l~latypuntia.; decreases 
from i ts  maximum at  daybreak l o  a minimum 
a t  about 4 P.M. in the open. The  decrease has 
been shown to be due to  the conjoint disinte- 
grat ing actiorl of temperature and eltiefly of 
light. The calibrations rnadc by Mr. E. EX. 
Long (paper now i n  press) brought out the 
fact  t h a t  i f  slrlall cylinilcrs were cut  f rom the  
bodies of tllese cacti i n  series beginning a t  
clayhrealc and extending to the period of mini- 
mum acidity, the hydratation capacity of the  
pieces increases independcntly of osmotic pres- 
sure throughout tlie day and is greatest in. 
those whicl~ have been talren from the plant a t  
the t ime when collateral tests would indicate 
the  lowest acidity. 

Exte~isive auxanornetric records of Opuntin 
BZakenna made chiefly i n  Narch  and April 

tissues and t l r ~ ~ s  show tha t  the growth of the enlarging joints aflecting ; ~ , t t w t l ~ - c . l i ~ ~ ~ ~ a t i o l ~ s  
was pointed out. Blaauw h , ~ ;  111c1,112 ,111 i ~ ~ l l ~ l l r -is a t  a minimum i n  the rnorning, with a rapid 

tan t  corrtrihution 1.13. his exprrimcntal analysis 
of the  action of light on such simple struc- 
turcAs as tlie sporangiophorc of a mould. 

The elongation or er~largernent of a cell or 
of any structure like that  of the sporangio- 
phope of P h y c o m ~ j c e smay be talcen as the ex- 
pression of incqnality between the cxtensibil- 
its of thc cell material, and its membrane, and 
of sonie internal expanding or stretching force. 
The  osmotic pressure of the conlents of the 
vacuoles, or of solrrtions filling the proto-
plasmic interstices has hitherto been relied 
upon to furnish the necessary force of growth. 

Borowikov lias recently eshablished a parallel 
bctvvcen tllc growth of certain seedliags in 
linosvl~ definite sol~rtions and the hydratation 
of rolloirls i n  the same solutions. This  author 
is  tllereforc Icd to  bc1ic.c-e that  the stretching 

3 ( 'Light ~und Waehsturn, ' ' Keitschr. f. Botunilc., 
T T f t .  8, 1914. 

acceleration parallel with the  rising tempera- 
ture  of the open, reacdhing rt maximum about 
noon and then dccrrasiny t o  a ininimum Iwfore 
3 P.M. The curves of decreasing acidity ancl 
increasing hgdratation capacity a re  sym-
metrical through the range of acidity f rom 
N/10 to E/20 according to arailablc data ob- 
tained from these plants, and would probably 
sustain n similar relation in  mealter solutions 
if the acidity were reduced still further. 

F r o m  the records cited above horoever it is 
to be seen tha t  the ncrelerntion of the rate  of 
growth cloes not follow that  of hydratation t o  
it.; custoinary daily maxiinurn. Whether this 
divcrgencc is  clue to  n shrinkage following a 
heightened watc.r-loss is  not yc~t linow~z. Ax1 
ample supply was available to the absorliing 

4 l3oromiliow, "Ueber dle 'CTlsaehen des Wach- 
slums dcr Pfla~izen,' ' R~oc71em. Zeitst~hrifl, 48 : 
pp. 230-46, 1913. 
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surfaces  w i th in  a f ew  cm. of the expanding 
masses of cells, h u t  local  t ranspi ra t ion  n iay  
have  resulted i n  ac tual  shrinkage.  The opti-
m u m  tempera tu re  f o r  t h i s  p l an t  is also a fea-
t u r e  n o t  y e t  determined. 

The g rowth  of t h e  opunt ias  therefore  talrcs 
place d u r i n g  a per iod of decreas ing ac id i ty  re- 
su l t i ng  f r o m  the dis in tegra t ing  ac t ion  o l  light 
a n d  r i s ing  t e m p e r a t ~ ~ r e s .  T h i s  s ta tenlent  ap- 
plies no t  only t o  t h e  d iu rna l  behavior of the 
p l ~ n t s  d u r i n g  the  g rowing  season, b u t  t o  the 
growing season a s  a whole, wllich a s  D r .  11.11. 
Richa rds  h a s  pointed o u t  i n  a paper  now i n  
press i s  one  of d iminishing acidity. T h e  acidi- 
t ies  of t h e  cact i  a r e  calculated f o r  tlle s a p  of 
t h e  plants.  T h e  acidit ies oE N/100 t o  N/3,000 
f o u n d  by Borowil<ow t o  be  favorable f o r  hydra- 
t a t i on  a n d  g rowth  were of t h e  cul ture  solu t ion;  
t h a t  of t l ~ c  sap  of t h e  seedling used  was  prob- 
ably st i l l  muell  lower. 

L i g h t  a n d  tenlpera ture  i n  lesser degree a r e  
seen t o  exercise a totalized releasing effect o n  
growth coiiicident w i t h  rcduced ac id i ty  a n d  
increased hytlratation,  t o  a cer ta in  l imit .  
Beyond th is  growth r a t e  is  checked. Fu r t l l e r  
analytical  tests mill be necessary t o  de termine  
t h e  l imi t ing  factors.  

Further Studies on t7ze Behavior of Amceba: ASA 
A. SCIIAEPFER. 

T77e Significance of C e ~ t a i n  Internal Conditions o f  
17fe Organism in Organic Enolutiorc: I?. 11. P I K E  
AND E. B. SCOTT. 
Zoologists, mhilo studying the phenomena of 

form regulation in animals, have given compara- 
tively little thought to the regulation of internal 
conditions-the changes in matter and energy in 
the organisms which underly the changes of; form. 

The data accumulated in the physiological lab-
oratories shorn that  in the higher animals there is 
a regulation, rarying within relatively narrow lim- 
its, of body temperature, the blood pressure, the 
tension of carbon clioxide an4 oxygen, of the con- 
centratio11 of hydrogen and hydroxyl ions, of the 
osmotic pressure, and of the general composition, 
quantitative as nell as qualitative, of the fluids of 
the body, brought about by a number of systems 
and organs of the body. 

From the point of view of the physical chemist, 
the general constancy of internal conditions of 
the higher organism may be interpreted in terms 
of chemical equilibrium. I f  the reactions within 
the body are of the nature of the "slow" reactions 
of the chemical laboratory, the constant tempera-
ture and the constant physico-chemical concentra-
tion of the body fluids vould be attended by a 
speed of reactjon wjthin the body which would be, 
i n  a considerable degree, independent of the con-I). T. ~$ACDOUG~L 

DESERT BOTANICAL LABORATORY 

PROCEEDINGS OF T H E  ANiVUAL MEETIATG 

OF ' T D E  ADlEBICAN SOCIETY OF 


ZOOLOGISTS I lELD IA" PITILA- 

DELPHIA ,  1974. I I  


Multiple births are well known among human 
beings and the proportions of twins, triplets, and 
quadruplets to single births have often been re-
corded. Instances of five and six children a t  a 
birth are very rare but apparently well authenti- 
cated. All cases above six are very doubtful. Tn 
the Boston Hedical and S7irgical Journal, Volume 
10, page 224, 1872, is  recorded from Trumbull 
County, Ohio, a case of eight children a t  a birth. 
This very circumstantial account, 'rvhich has been 
qnoted in numerous books and journals, proves on 
investigation by the county clerk of Trumbull 
County to be entirely fictitious. 

Comparative and General Physiolopj 


Effect of Electrolytes Upon the Rate of Nerve 

Conduotion i n  Cassiopea: ALFREDG. MAYER. 


ditions in the environment. The internal mechan- 
isllls of the organisms lie a t  the base of the dimin- 
ishing effect of the environment, or the greater 
degree of independence of the animal from the 
conditions of the environment as  the organisms 
occupy successively higher' positions in the evolu- 
tionary scale. 

Experiments on X-Radiation as the Cause of Per-
~neabi l i fy  Changes: A. RICHARDS. 

Some Factors Concerned i ~ ethe Death o f  Para-
mcecium at High Temperatures: X. IS. J ~ c o n s .  

The  Effect of Color in the Environment on the 
Color Changes of Anolis Carolinensis: MANTON 
COPELAND. 
It i s  well known that the so-called Florida 

chameleon, Anolis carolinensis Cuv., becomes green 
in the dark and almost invariably turns brown in 
daylight. To test the effect of color in the en-
vironment on the color changes in the skin of the 
lizard, the animals vere placed in boxes lined in 
part  with colored paper and exposed to daylight. 
I t  was found that  the green color was often as-
sumed under such conditions. A yellow environ- 
ment always induced a change from brown to  


