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of quadratic vector functions. A ~ i d y s i sis 
represented by a contribution from G. A. 
Bliss on functions of lines and one from A. 
Dresden upon the calculus of variations. 
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SI'BCIAL ARTICLES 

A MODIPICATJON O F  TIIE BELLAX1 POROUS PLATE 

A RECENTLY renewed and increased intercst 
i n  the clirect measurement of the evaporating 
power of the  air1 has brought the atrnometcr 
(incorrectly called evaporimeter, etc.) into 
gwatc r  prominence t h a n  has heretofore been 
enjoyed Fy t h a t  instrument. Atmometers are 
now being used more than  ever before, espe-
cially i n  plant physiology, plant ancl animal 
ecology, and the agricultural aspect of clima- 
. t o l ~ g y , ~This  newer development of atmometry 

1 The evaporating parer of the air may be 
thought of as the reciprocal of the resistance of- 
fered by the air to e~~aporation from exposed liquid 
water. The term is a misnomer to a degree, for 
evaporation proceeds from a water surfaee i?a spite 
of the conditions obtaining in tlie surrounding air. 
Ceteris paribus, the greater is the d r  pressure, the 
less r a p 2  is evaporation ; the less water is contained 
in the air the more rapid is evaporation, etc. The 
term has come into rather general use, hornever, and 
may as dl stand till a better is suggested; i t  is 
logically no worse than the word suction, and, like 
it, is readily understood by everybody. Condensing 
porrer or water supp1yin.g power can not here be 
used in place of resistance, because air without 
water-vapor offers resistance to evaporation but 
has no condensing pomer; it can not deposit water 
upon a surface, no matter what its pressure may 
be. Tho resistance offered by such dry air can be 
expressed in terms of an equivalent condensing 
power, however. 

2 Livingston, B. E., "'The Relation of Desert 
Plants to Soil Mo~sture and to Evaporation," Car-
negia Inst. Wash. Pub. 50, 1906. SheIford, V. E., 
'Animal Commonities in Temperate America," 

Geog. Soc. Ct~icago Bull. 5, 1913, page? 162-65. 
Livingston, B. E., an3 L. A. TIawkins, "The 
Water Relation between Plant and Soil," Carnegie 
Inst. Trash. Pub. 204, 1915 (the first paper of that 
publication). Shive, J. W., "An Improved Non- 
absorbing Porous Cup Atmorneter," Plant World, 
18: 7-10, 1915. Livingston, B. E., "Atmomctry 

Elas emphasized the employment of water-
impregnated soliils to furnish the evaporating 
surface from which the rate  of evaporation is 
itadied, and has discouraged the  use, fo r  many 
purposes a t  least, of the open pan or  tank of 
water 30 com~nonly met  with i n  meteoro-
logical a i d  gcneral cliniatological literature. 
I t  has thus come about t l ~ a t  considerable mis- 
nnderstanding has  arisen as  t o  what atmom-
etry i s  really aiming a t  and as  to  the relative 
desirability of studying evaporation from one 
or anotlicr lrind of evaporating surface. 

Of all the dityercnt forms of water-impreg- 
ilated surfaces employed i n  the study of atrnos- 
pheric evaporatiiig power, the cyli~ldrical por- 
ous clay cup of Rabinet3 has met with the most 
favor among biological and agricultural worlr- 
ers, and the standarclized porous cups now in 
general use follo~v the principle of Eabinet's 
device. This  type of atrnometcr possesses a 
number of p r o n o ~ ~ n c e dadvantages over the  
Cree water surface, wllea atmospheric evapo- 
rat ing power is  to  be stilclied as  a n  environ- 
mental condition affecting animals ancl plants. 
Among these advantages may be mentioned 
the  fact  tha t  thc evaporating s ~ ~ r f a c e  theof 
cup projects u p  into the  a i r  like most animaI 
and plant surfaces. Thus  it does no t  so 
readily bcco~ne clogged, as it were, by its oxvn 
vapor blanket, as does a horizontal surface. 
Furthermore, the porous cup instrument is 
mucll more readily and precisely read than is 
the  open tank, a i d  very short time intervals 
may consequently be employed. I have fre-
quently constructetl graphs showing the  march 
of evaporating power by minute o r  5-minute 
rates, a p1,ocednre hardly posrible with any 
form of pan atmometer. Blore important than  
any other o f  t h e  advantages here i n  question, 
however, is the  one depending upon compara- 
tive variability of the evaporating surface with 

srzd tho J'orous Cup htinon~eter~"Plant WOTZ~X, 
18: 21-30, 51-74, 05-1 11, 143-149, 1915. Living-
ston, B. IC., '"tmospheric Influence upon Evapo- 
ration and Its Direct Mcasurcment, ? '  210. V'eathcr 
li'ei~.,1915. %tcLean,F. T., "Relation of Climate 
to Plant Growth in lIIaryland,' ' Ho. Weather Rev., 
1915. 

3 Babinet, J., "Note sur un atmidoseope," 
Cornpt, Rertd. Palis, 27: 529-30, 1848. 
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reference to wind action. When ripples or 
waves are formed on a free water surface the 
surface is very markedly altered, and this kind 
of alteration occurs so generally and so un- 
controllably with pan or tank atrnonieters ex- 
posed in the open, that it renders futile any 
detailed study of evaporating power carried 
out with such instruments. Properly cared 
for and properly operated, the porous cup sur- 
face does not appreciably alter, at  any rate i t  
is never altered by wind action. Other ad- 
vantages of the porous cup over the free water 
surface are related to errors in reading the 
latter type of atmometer arising from splash- 
ing and spray, the removal of water by animals 
and the capture of animals, wind-blown leaves, 
etc., in the tank; none of these errors are en- 
countered in  the operation of the Rabinet 
atmometer. Also, the porous cup may he so 
mounted as not to absorb rain, which always 
plays havoc with readings from open pans. 

For certain purposes, however, such as the 
study of atmospheric evaporating power at or 
near the soil surface or the surfaces of reser- 
voirs, etc., the porous cylinder is not well 
suited; here a plane evaporating surface is 
frequently requisite. The well-known Piche 
atmometer, or Cantoni's4 or Houdaille's%odi- 
6cation of the latter, all three employing 
blotting-paper disks, may be used in such cases, 
but these instruments are less convenient 
i n  operation than is the porous cap, in  vari- 
ous ways. I t  therefore seemed desirable to 
bring into use what amounls to a porous clay 
cup with a plane evaporating surface. Jus t  
such an instrument was devised and described 

4Canantoni, G., "Sullc cond5zioni di forma e di 
esposizione pin opportune per gli evaporimetri, " 
Rend. R. 1st. Lornb., II., 12:  941-46, 1879. 

5Houd~aille, F., "Mesure de l'6vaporation 
diurne; description d'un Bvaporim&tre enregis- 
treur," Bul. Mdt. IIF'rault, 1890. (This is the in-
strument catalogued by Richara Frbres, Paris. For 
further references to IIondaille's work, as well as 
that of others, see: Livingston, Grace J., ' I  An An- 
notated Bibliography of ICvaporation," Mo. 
Weather Zev., 36: 381-86, 301-06, 375-81, 1908; 
37: 68-72, 103-09, 157-60, 193-99, 248-52, 1909. 
Reprinted, repaged, Washington, 1909. This in-
eludes most of the papers appearing before 1908.) 

very long ago by Bellani," who appears to  
deserve credit for first employing a water-im- 
pregnated solid connected by a simple water 
column with a reservoir a t  a lower level. The 
principle here involved forms the basis of the 
Piche-Cantoni and Babinet instruments as 
afterwards constructed. 

It is hard to understand why Rellani's de-
vice should have remained unmentioned during 
nearly a century of climatological and meteor- 
ological advance. Especially surprising is this 
lack of recognition when i t  is appreciated that  
this horizontal plate of Bellani is exactly the 
form of instrument that should have replaced 
the open pan in the vain struggles of meteor- 
ological students to  obtain the long-sought 
"evaporation formula"; thus might have 
been avoided, perhaps, some of the wasted 
effort expended in  attempts to express by a 
single term the influence of wind upon evapo- 
ration, when the latter was measured from the 
variously rippled surface of free water. 

I n  Bellani's atmometer, a horizontal porous 
clay disk closed the top of a vessel completely 
filled with distilled water, so that the lower 
surface of the disk was in  contact with the 
liquid, while the upper surface was exposed to 
the air. A horizontal, graduated glass tube, of 
small b~ore, open a t  its distal end, projected 
laterally from the vessel, and the air-water 
meniscus in  the tube progressed toward the 
vessel as evaporation occurred, the tube thus 
becoming more or less rapidly emptied of 
water. A suitable reservoir and cock allowed 
the meniscus to be pushed back over the 
scale, by admitting more water into the vessel. 
As water evaporates from the porous surface 
of such an instrument more is imbibed from 
below, and air pressure drives the meniscus 
inward along the scale, keeping the vessel com- 
pletely filled and the plate continuously in 
contact with the water below. The instrument 
may be mounted with a burette reservoir, as is 
frequent with the porous cups now i n  use, in-
stead of the horizontal graduated tube. 

After some preliminary discouragement I 
have a t  length been able to obtain circular 

6 Bellani, A., LLDescrizionedi un nuovo atmido- 
metro, etc.," Giov. Fis. Chim.,311: 166-77, 1820. 
(Reprinted, Pavia, 1820.) 
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porous clay plates ('71mm.-3 in.-in d i a m  
cter) mounted across the large end of a glazed 
poreelair* funnel. The apparatus is made as 
a single piece, the funnel wall and the disk 
being continuous, and the lateral surface is 
alterorarcls heavily glazed cxternally. The 
funnel part is nearly Izcniispherical, with the 
cylindrical neck projecting outward from the 
spherical surlace, opposite the center of the 
porous disk wlliclz cluses the hemisphere at  thc 
top. 11 vertical section of such a piece is 
sl~omll in  Fig. 1. I n  operation, the opening 

is closed by a rubber stoppcr hearing a tube 
rraching to the water reservoir below, just 
as in the case of thc ordinary porous cup 
atmomcter. O l  course it is not a t  all essen- 
tial that the plate be horizontal; it may be 
exposed in ally direction, evcn downward. All 
that is ricccssary is that t l ~ c  aster level in 
the reservoir be at a lowcr level. It may be 
niounted on 3 bottle or a burette, or any con- 
venient forill of reservoir, and the non-absorb- 
ing mounting mag be cmployed to prevent the 
absorption of rain. I n  general, these Bellaiii 
platcs are to bc operatcd jurt as are the ordi- 
nary porous cups. 'CVhcre a plane evaporating 
surface is requiretl, itley posscss all the advan- 
tages of the free water surface and none of its 
disadvantages. Thcy also possess a11 the gen- 
eral advantages o l  the porour CLIP instru-
men t. E. LIYBUILTON IVGSTON 

TIiE EFFECT OF TEI\'IP&RBTIJRE ON TIIE LIFE CYCLE 

OF MUSCA DO\CESTIC4 AND CUIJRX PIPIENS 

OWINGto a scarcity of data necessary to 
illustrate the rclation of the temperature to 
the rate of brecding of flies and mosquitoes, a 
set of experiments was undertaken a t  the sug- 

gestioii of Professor C.-E. A, Winslow, to 
detcwnine (approximaicly) this relation. 

These expcrime~lts were made possible 
tl~roupli tlic courte~y of the department of 
natural history of the College of the City of 
New Yorli in loaning us three incubators for 
the purpose. 

The experiments began late in July, 1914, 
and ran throug1.i to the middle of September. 

An effort was made to eliminate all factors 
bat  that of temperature. 

Individnal variations among different 
batches of eggs were eliminai,ed by dividing 
the same batch into three portions to be incu-
bated a t  ilie tlircc ternperaturcs. 

Larrze rcarcd froni the batches of eggs com- 
pared wcre fed on thc same food. 

The light, througl~ont, mas cither diffusrd 
or abscnt, ancl the same condition obtained in 
the batches conlpared wit11 each other. 

By exposing several tnlnblc~s of water in  
each incubator, the atmosphere mas kept in a 
high state of saturation. 

All vials containing the breeding fly 1arv;e 
wcre ol the sane  ci-oss section and the height 
of manure was about the same in each, i. e., 
Crom If to 2 inches; the nzosquito-larvte virils 
and infubioizs mere also uniform. 

From the above it will be seen, tbat although1 
the results may not indicate a brceding rate 
generally true for cach tcmperature, they ncvcr- 
theless offer a fair comparative study of the 
rate a t  thc t l~rec temperatures. 

Experime~ztswith Plies 
Exp~rimeiits with the life cyclc of flies mill 

he treated first. 
Egg batches were obtilined in the following 

way: Flies were caught by net and females 
with gorged abdomens selected. These were 
first placed together in large fruit  jars con-
taining rotten fruit (plums), and the jar was 

TABLE I 


Avcrnga Dlcrtction of Euch Stage--1'lie.s 

Temp i Egg itage / T.arva j Pupa I Total 
I___-____-

12.3 d:L. 8.8 da, 22.3 da. 
10° I da. 5.1 a .  4.2 I(. 30.3 da. 
35' 1 3% - 4.3 da. 1 4.0-ria. -- 9.3- --da. -


