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to be dynamic rather than static. It is hard 
to conceive of a quicscent electron. 

\VCVII,I,I~M NOYESALBERT 

SOME RECENT CONTRIBUTIOlaJS T O  

THE PHYSICS OF  THE AIR. I I  


RAROlrETRIC FLUCTUATIONS 

Another meteorological phenomenon t l ~ a t  
has been the subject of numerous iavestiga-
tions, is the pressure of the atmosphere. This 
pressure undergoes rnany changes, and the 
causes of some of then], such as its variatioi~s 
between summer and winter, and betwecn 
ocean and continent, have long been known. 
But the causes of certain others, notably the 
great changes that accompany cyclones and 
anticyclones, have not yet becn fully detcr-
mined. Neither of these classes of changes, 
that is, those whose causes have long been 
known, and those whose causes still remain 
partially obscure, will be discussed here, though 
each is important and full of intercst. But 

therc are two other classes, namely, baro-
metric ripples, and the pressure wave of semi- 
diurnal period, that, because of their obvious 

interest to physicists, will be briefly con-
sidered. 

nurometric"nipples.m pressure-Small 

changes having amplitudes usually of 0.1 mm. 
to 0.3 mm. and periods of 5 minutes to 10 
minutes, and continuing for hours or even 
days together, are very common during cold 
weather. They are not greatly different in 
magnitude from the well known wind effects 
on the barometer, but obviously of different 
origin since their amplitude has no relation 
to the local wind velocity. 

Their explanation appears to lie in t l ~ e  fact 
that whenever laycrs of air that differ in 
denbity at  their interface flow over each other, 
long billows, analogo~~s to water waves, and 
geileratcd in the sanme way, arc produced. If, 
now, the under laycr is colder than the upper, 
as i t  is duriilg the radiation or surface in- 
versions of winter, and rather shallow, 100 

FIG.4. Barometric Ripples. 
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FIG.5. Balograun, Grand Tyrk Island, West Indies. 

meters to perhaps 500 meters thick, the pas- 
sage of the air billows, like the passage of 
waves in shallow water, necessarily produces 
greater or less corresponding changes in the 
pressure on the bottom-changes that, as 
shown in Fig. 4, appear as a serics of ripples 
in the record of a sensitive barograph. 

, FIG.6. Aml~agedaily barmetric curves, Key 
West, Florida. 

During the summer, when air billows rarely 
form near the surface, though frequently at  
greater altitudes, especially that of the cirrus 
cloud, barometric ripples do not appear. 
This, doubtless, is because wave disturbances 
in air, as in water, do not penetrate far be- -
neath the wave level. 

Bemidiurnal Pressure Changes.-It has been 
known now for more than two and a half 
centuries that there are approximately regular 
daily variations in the height of the barometer 
that culminate in two maxima and two min- 
ima in the course of twenty-four hours. Dur-
ing particularly calm weather these fluctua- 
tions are conspicuous on the current barogram, 
as shown in Fig. 5, obtained a t  Grand Turk 
Island, West Indies, and always revealed by 
averages, no matter how masked by storm 
conditions, as shown by Fig. 6, based on 
records, covering fourteen years, at  Key West, 
Fla. 

Although, as stated, this phenomenon of tho 
semidiurnal variation of the atmospheric pres- 
sure has becn familiar almost since the in- 
vention of the mercurial barometer, and al-
though repeatedly studied, its cause or causes 
remained until quite recently wholly unknown. 

Some of the observed facts in regard to this 
twelve-hour cyclic change of pressure are : 

( a )  The maxima occur at, roughly, 10 o'clock 
A n:. and 10 o'clock P.M. 

( b )  The minima occur at, roughly, 4 o'clock 
A.ar. and 4 o'clock P.M. 

(c) The amplitude, when other things are 
substantially equal, varies with place approxi- 
mately as the square of fie cosine of the 
latitude. 
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( d )  The amplitude is everywhere greatest 
on equinoxes and everywhere least on solstices. 

( r )  The amplitude is greater a t  perihelion 
t'rlan at  aphelion. 

(f) The amplitude is greater by day than 
by night. 

( g )  The amplitude is greatest on clear days 
and least on cloudy days. 

(k) The day amplitude is greater over land 
tllan over water. 

( i ) The night amplitude is greater over 
oceans than over continents. 

(j) Over the tropical Pacific Ocean the fore- 
noon maximum is about 1mnl. above, and the 
rlfternoon minimum 1mm. below the general 
average pressure. 

Taken together these facts compel the con- 
clusion that the daily cyclic pressure changes 
are somehow the results of temperature 
ch'anges. Many efforts have been made to 
find just how the two are connected-how, 
for instance, a diurnal change in temperature 
can produce a semidiurnal change in pressure, 
but until recently without much success. To 
be sure, the diurnal temperature curve is not 
a simple sine curve of twenty-four hours 
period, and, like any other curve, can be 
closely duplicated by a series of suiperiinposed 
sine curves of proper amplitudes and periods. 
But this is Ear from satisfying to the average 
physicist, and particularly so if he has not 
yet seen by what process the actual un-
ttnalgzed temperature changes can produce 
corresponding pressure variations in the open 
atmosphere. Of course it may be argued that 
there must always be a flow of air from the 
warmer to the colder regions, and, therefore, 
a pressure wave of diurnal period perpetually 
srvecping around the earth. Such a wave does 
indeed appear in the analyzed data. And as 
the temperature curve yields sine waves of 
tweuty-four hours, twelve hours, eight hours 
and other periods, so, therefore, may the prcs- 
surc curve also. But while this may be a 
portion of the story, i t  certainly is not thc 
whole of it. There are other and important 
c3011riections between temperature changes and 
pressure variations that must be considered; 
and these indeed seem to be the chief factors 

in producing the semidiurnal pressure wave. 
One of these factors is vertical convection, 

first suggested, but never adequately devel- 
oped, by Cleveland Abbe. Indeed, it appears 
to be the principal cause of the forenoon max- 
imum as the following consideration shows : 

Let the mass m of air be near the ground 
and have the horizontal velocity v, and let thc 
larger mass M be a t  a higher elevation and 
have the greater velocity V in the same di- 
rection. If now these two masses should 
mingle in  such manner as to be free froin all 
disturbance, except their own mutual inter-
ference, the resulting h a 1  velocity, U ,  in thp 
same direction, would be given by the equa- 
tion 

[ r  = rnc~4 MI' 
nt +M -

and there obviously would be no check in the 
total flow-no donming up land consequent in- 
crease of pressure. But this simple mixing 
of the two masses is by no means all that 
happens in the case of vertical convection. 
The rise of the mass m is simultaneously ac-
companied by an equivalent descent of air 
from n higher level, which in turn loses 
velocity, directly or indirectly, by surface 
friction. If the falling mass is also m, and if 
its velocity is reduced by friction to v, then 
from a single interchange, due to vertical con- 
vection, the total momentum becomes 

2 mv + ( M - m ) V  

and the total flow is reduced by the amount 

m(V-v ) .  

But as this is for a single interchange, i t  is 
obvious that the more active vertical con-
vection becomes, the greater will be its inter- 
ference with tho flow of the atmosphere, the 
more the winds will be dammed up, and the 
higher the baron~etric pressure. As convec-
tion increases, reaches a maximum, and then 
decreases, so, too, will the resulting inteder- 
ence go through the same changes. 

Now the general movement of the atmos- 
phere is from east to west within the tropics 
and from west to ea2t at  higher latitudes. 
Therefore in either case such damming up 
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of the air as vertical convection may produce 
will be essentially along meridians, and thus 
a function of the time of day. But, in gen- 
eral, convection increases most rapidly during 
the forenoon, say eight to nine o'clock, is most 
active at ten to eleven o'clock, and reaches its 
greatest elevation about four o'clock in the 
afternoon. IIence the damming up of the 
atmosphere, due to vertical convection, and 
the resulting increase of barometric pressure 
must increase most rapidly during the fore- 
noon, and come to a maximum about ten 
o'clock. After this the convectional interfer- 
e&e decreases, while at the same time the 
amount of air in a vertical column of fixed 
cross-section diminishes as a result of ex-
paision and overflow, until at about four 
o'clock in the afternoon the barometric pres- 
sure has, as a result of this overflow, reached 
a minimum. 

To form some idea of the magnitude of the 
barometric change due to convectional turbu- 
lence, consider the atmosphere between two 
parallels of latitude near the equator. This 
limited quantity may be regarded as a stream 
flowing around the earth, having its minimum 
velocity and maximum depth where convec-
tional interference is greatest, and maximum 
velocity with minimum depth %vhere oonvec- 
tion is absent. And since the linear velocity 
of a point on the equator is approximately 28 
kilometers per minute, while during the fore- 
noon the rate of increase of the barometric 
pressure at the same place is, roughly, 0.2 mm. 
per hour, i t  follows that a damming up, or 
?heck in the flow, of the given stream at the 
rate of 0.44 kilometers per hour would be 
suflicient of itself to account for the observed 
rise in the barometer. But if the average 
velocity of the wind, or flow of the stream in 
question, is 10 meters per second, which it 
may well be, the rate of decrease in velocity 
requisite for the given rate of pressure in- 
crease could be produced by having only 1 
part in 80 of the whole superincumbent at-
mosphere brought to rest per hour, or the 
equivalent thereof, an amount that perhaps is 
reasonable. At any rate, the assumed velocity 
decrease is of the same order of magnitude as 

that observed to take place during, and as the 
result of, diurnal convection. 

It appears then : 
(a) That the afternoon minimum is caused 

essentially by overflow from the region where 
the atmosphere is warmest, or better, perhaps, 
from the meridian along which the tempera- 
ture increase has been greatest, toward that 
meridian along which there has been the great- 
est decrease in temperature. 

( b )  That vertical convection interferes with 
the free horizontal flow of the atmosphere 
and to that extent dams it  up and corre-
spondingly increases the barometric pressure; 
also, that the time of this interference agrees 
with the forenoon changes of the barometer, 
and that its magnitude is of about the proper 
order to account for the forenoon barometric 
maximum. 

The afternoon barometric minimum and the 
forenoon maximum, therefore, are to be re-
garded as effects of temperature increase; the 
minimum as due to expansion and consequent 
overflow; the maximum as caused by vertical 
convection and consequent interference with 
the free circulation of the atmosphere. 

The forced afternoon minimum would oc-
cur in an otherwise stagnant atmosphere, and 
substantially as at present; but not so with 
the forced forenoon maximum, since the inter- 
ference or damming effect depends upon a flow 
or circulation of the atmosphere, parallel 
roughly to the equator. 

I t  remains now to account for the night 
ten o'clock maximum and four o'clock min-
imum, both of which appear t o  depend upon 
the natural or free vibration of the atmos-
phere as a whole. 

This subject has been discussed by several 
mathematical physicists of great eminence. 
The latest and most complete of these dis- 
cussions is by Lanlb, who concludes: 

Without pressing too far conclusions based on 
the hypothesis of an atmosphere uniform over the 
earth, and approximately in convective equilibrium, 
we nay, I think, at least assert the existence of a 
free oscillation of the earth's atmosphere, of 
LLsermidiurnal" type, with a period not very dif-
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ferent from, but pr~bably solnewhat less than, 
twelve mean solar hours. 

IIence any cause of pressure change, having 
a semidiurnal period or approximately so, 
would, if of s d c i e n t  magnitude and proper 
phase, account for tho twelve-hour barometric 
curve. All that is needed, apparently, to give 
the semidiurnal pressure curve is a pressure 
impulse of the same period, twelve hours, as 
that of the free vibration of the atmosphere as 
a whole. And this is furnished by the forced 
forenoon barometric maximum, followed six 
hours later at the samc place by the forced 
afternoon barometric minimum. I n  other 
words, taken together, the forenoon and after- 
noon forced disturbances appear to occur with 
the proper time-interval necessary to set up 
and maintain the twelve-hour free vibrations 
of the atmosphere. 

The course of events at  each locality ap- 
pears to be substantially as follows: 

1. A forced forenoon compression of the 
atmosphere, followed by its equally forced 
afternoon expansion, the two together forming 
one complete barometric wave, with a ten 
o'clock maximum and a four o'clock min-
imum, in harmony with the free vibration of 
the entire atmospheric shell. 

2. Non-disturbance through the night or 
during the time of a single free vibration. 

3. Repetition the following day of tihe forced 
disturbance in synchronism with, and there- 
fore at such time as to reenforce, thle free 
vibrations. 

The series of distur1)anccs is continuous, 
forced by day and free by night, but the re- 
sulting amplitudes of tlie barometric changes 
are limited, through friction and through 
the absence of perfect synchronism, to com-
paratively small values. Each point upon the 
atmospheric shell receives at  every alternate 
swing a forccd impulse in phase witli the frce 
vibration, and therefore at  such time and in 
such manner as indefinitely to maintain the 
vibrations of the atmosphere as a whole. 

The forenoon maximum and the afternoon 
minimum are primary disturbances equally 
forced but in different ways by the daily in- 
crease of temperature, while the evening max- 

imum and the morning minimum are second- 
ary disturbances caused by the joint action of 
the forced through the twelve-hour 
free vibration of the atmosphere. I n  short, 
the senlidiurnal swing of the barometer is a 
result of merely fortuitous circunistances-of 
the fact that the mass of the atmosphere hap- 
pens to be such that the period of its free 
pib~atioiz is approximately just one half that 
of the earth's rotation. 

ATMOSPIIERIC ELECTIZICAL PHENOMENA 

The selected contributions to the physics of 
the air just reviewed belong to the domains 
of mechanics and thermodynamics. But there 
have also been recent contributions to other 
branches of the subject, especially to atmos-
pheric electricity, among them, 

(a) %he discovery in 1900 by C. T. R. Wil-, 
son and, also, by H. Geitel of spontaneous 
ionization in the atmosphere. 

(71) The discovery in 1902 independently by 
Butherford and Cook, and by McLennon and 
Burton, of a penetrating radiation in the 
lower atmosphere, presumably from radioac- 
tive substances near the surface of the earth. 

(c) The discovery in 1905 by Langevin of 
slow moving or large ions in the atmosphere. 

(d) The discovery by Sirnpson in 1908 and 
1909 that the electric charge on thunderstorm 
rain, and precipitation generally, is prevail- 
ingly positive. 

(e) The discovery in 1908, also by Simpson, 
of the probable origin of the eleEtric charge of 
the thunderstorm. 

( I )  The discovery by Kolhijrster in 1914 of 
an extremely hard or penetrating radiation in 
tho atmosphero that seems to be of extra 
terrestrial origin. 

Each of these several discoveries has its own 
peculiar interest, but the origin of the electric 
charge of tho thunderstorni irlvolves more 
meteorological phenomena than does any of 
the others, and, therefore, it is selected for 
further remarks. 

Many have supposed that, whatever the 
genesis of the thunderstorm, the lightning, at  
least, is a product or manifestation of tho 
free electricity always present in the atmos- 
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phere-normal atmospheric electricity. Ob-
servations, however, seem definitely to exclude 
this assumption. Thus, while the difference 
in electrical potential between the surface of 
the earth and a point at constant elevation is, 
roughly, the same at all parts of tlie world, 
the number and intensity of thunderstorms 
vary greatly from place to place. Further. 
while the potential gradient at any given place 
is greatest in winter, the number of thunder- 
storms is most frequent in summer, and while 
the gradient in the lower layer of the atmos- 
phere, at  many places, usually is greatest from 
8 to 10 o'clock, both morning and evening, 
and least at  2 to 3 o'clock P.M. and 3 to 4 
o'cloclr A.M., no closely analogous relations 
hold for the thunderstorm. 

But how, then, is the great amount of elec- 
tricity incident to a thunderstorm generated? 
Fortunately an answer to this question based 
on careful experiments and numerous obser-
vations, and that greatly aids our understand- 
ing of the interrelations between the various 
thunderstorm phenomena, has been given by 
Dr. G. C. Simpson, of the Indian Meteorolog- 
ical Departnzent. 

The chief conclusions drawn by Simpson 
from his observational data, and supported by 
numerous subsequent observations by other 
persons at widely separated places, are : 

( a )  That the charge on thunderstorm rain, 
amounting often to 5 to 10 electrostatic units 
per cubic centimeter, usually is positive. 

( b )  That, on the whole, the quantity of 
positive electricity brought down is more than 
three times greater than the negative. 

While these observations were being secured 
a number of well-devised experiments were 
made to determine the electrical effeabs of each 
obvious process that takes place in the thun- 
derstorm. 

Freezing and thawing, air friction, and 
other tihings were tried, but none produced 
any electrification. Finally, on allowing drops 
of distilled water to fall through a vertical 
blast of air of sufficient strength to produce 
some spray, positive and important results 
were found, showing: (1) That breaking of 

drops of water is accompanied by the pro- 
duction of both positive and negative ions. 
(2) That bhree times as many negative ions as 
positive ions are released. 

Now, a strong upward current of air is one 
of the most conspicuous features of the thun- 
derstorm. Ii; is always evident in the turbu- 
lent cauliflower heads of the cumulus cloud- 
the parent, presumably, of all thunderstorms. 
Besides, its inference is compelled by tihe oc- 
curence of hail, a frequent thunderstorm phe- 
nomenon, whose formation requires the carry- 
ing of raindrops and the growing hailstones 
repeatedly to cold and therefore high, alti-
tudes. And from the existence of hail i t  is 
further inferred that an updraft of at least 
S meters per second must often occur within 
the body of the storm, since, as experiment 
shows, air of normal density must have ap- 
proxin~ately this upward velocity to support 
the larger drops, those of 4 am.or more in 
diameter, and, because of its greater weight, 
even a stronger updraft to support the average 
hailsaone. 

Experiment also shows that raindrops of 
whatever size can not fall through air of 
normal density whose upward velocity is 
greater than about 8 meters per second, nor 
tl~ernsel~~osfall with greater velocity through 
still air; that drops large enough, 4.5 mm. in 
diameter and up, if kept intact, to attain 
through the action of gravity a greater veloc- 
ity than 8 meters per second with reference 
to the air, whether still or in motion, are so 
blown to pieces that the increased ratio of 
supporting area to total mass causes the re- 
sulting spray to be carried aloft or, at  least, 
1ePt behind, together with, of course, all 
original smaller drops. Clearly, then, the up- 
drafts within a cumulus cloud frequently must 
be strong and therefore break up at about the 
same level, that of maximum rain accumula- 
tion, innumerable drops which, through coales- 
cence, have grown beyond the critical size; 
and thereby, according to Simpson'e experi- 
gents produce electrical separation within the 
cloud itself. Obviously, under the turmoil 
of a thunderstorm, such drops may be forced 
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tllrough &he cycle of mio on (facilitated by any  
charges tliey may carry) and  division, of co-
alescence and disruption, from one to many 
times, with t h e  formation on each a t  every 
disruption again according to  experiment, of 
a correspondingly increased electrical charge. 
The  turmoil compels mechanical contact be-
tween the  drops, whereupon the  disruptive? 
equalization of their  electrical potentials 
bre:tks d o ~ v n  their surface tensions and  in-
sures coalescence. Hence, once started, the  
electricity of a thunderstorm rapidly grows to 
a considerable lxiaximum. 

After  a t ime the  larger drops reach, here 
and there, places below ~viiich the  u ~ d r a f t  is 
small-the a i r  can not be rushing u p  every- 
w h e r e a n d  tihen fall  a s  positively charged 
rain, because of tlie processes just explained. 
The  negative electron$, i n  t h e  meanlime, are  
carried u p  into the higher portions of the  
cumulus, where they uni tc  with t h e  cloud 
particles arid tllcreby facilitate their  codes-
cence into negaiively charged drops, Hence 
tho heavy rain of a tllunderstorm should bt. 
positively charged, as  it almost always is, and 
$he gentler portions negatively charged, whicll 
also very frequently is t h e  case. 

Such i n  brief is Dr. Simpson's theory of the  
origin of the  elcctricity i n  tllunderstorms, a 
theory t h a t  fully accounts fo r  t h e  facts of ob- 
servation and i n  t u r n  is itself abundantly 
supported by laboratory tests and imitativc3 
experinlmits. 

The  foregoing a re  only a selected few of 
the many recent contributions to  the physics 
of the  air, b u t  they a re  s d c i e n t ,  it is  hoped, 
to  show t h a t  nieteorology is  indeed a progrcs- 
sive branch of physics, and one eminently 
suitable to  every type of scientific talent. Tile 
close observer, t h e  clever expcrimentalilst, and 
t1113 keen analyst a11 car1 find i n  t h e  pi~enomenrr. 
of t h e  atmosphere inexhaustible material and 
cndless opportunities. B u t  i n  science op-
portunity i s  only a synonym for  duty, and of 
al l  words du ty  is the noblest. 

SCIENTIFIC EVENTS 
THE HISTORY OF MEDIEVAL INSTITUTIONS 

PROFESSORDAVIDEUGENESMITII,of Teach-
ers College, Colurnbja TJniversity, writes: 

The Xocii.tB de Xcolastique MiIBdievale, founded 
by M. Francois Picavat, profess'or in and secretary 
of the College de France, was changed into the 
8ocidt6 d'  Histoire GOn6rale et ColnparCe cles Phi- 
losophies M8di6vales i i ~1906. This society is in- 
terested in the study of the history of dogma and 
religion, tlie history of law, the history of letters, 
the history of philosophy, and the history of 
scienace. Monographs have been issued in all these 
several lines and others are in the course of prepa- 
ration. 

I t  may seem that this is not ari opportune mo-
ment for scholars to bo considering such a line of 
worlr. Upon this point a letter from M. Picavet, 
written just before tile armistice, has this to say: 
"En ce moment ou nous ne pouvons, en raison de 
notre hge, que faire dos voeux, pour les comhat- 
tants ou venir en aide aux prisonniers, aux soldats 
et aux Bvacu6s des pays cnvahis, j'ai pens6 rlue 
nous pourrions nous rendre ut~les en pr6parant les 
inoyens de nous suffire sur le terrain scientifique ct 
universitairc, entre nous gens de l'entente e t  m ~ i s  
do 1 'entente." 

Few scholars have been called upon to make a 
greater slacrifice in this war than M. Picavet, arid 
his determination to eontinue his great work in the 
field in which he has done so niuch will doubtless 
appeal to all scholars in this country as in Europe. 

M. Picavet wo~ild be glad to hear from Aineri- 
can scholars who are interested in the work of 
the society and to have their names enrolled as 
sympathetic with its work. Ti' latcrtlhey sl~o~ild 
become so interested as to contr2bute in any way 
to the support of thc society, this woulfi be a wel-
come decision; but this is not the immediate pur- 
pose. It mould be a helpful aat if those interested 
in this line of worlt were t o  writc to M. Francois 
Picavet, College de France, Paris, expressing their 
interest in the s~ciety. 

I f  Anierica eould in some wt~y secure an endon.- 
ment of $24,000 for ~naintaiiiing for ten years the 
chair which M. Pienvct filh with such distinction 
in the CollEge de Fmiice, a great impetus would 
thereby be given to this work. 

ACTIVITY OF KILAUEA VOLCANO 

PROFESSOR MAOCAUGEIEY, theVAUC~IAN of 
College of Bawaii,  Honolulu, wri.tcis 11nder 
delte vf Jannary  22: 


