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ATMOSPHERIC

SOUNDING THE OCEAN

AIR ABOVE US.

. XPLORATION.

OF ;

tt.IuJU;vfI:;E:;: EIIrII“-IIWHTIIn':l; has B0 far progressed,

1 conslderable accuracy the nature,
composition, and peneral propertied of the lower mir.
If metesrology is to become anything like an exact
sclence, im ot her I w predict the
AL a”"r ot only of t-morrow, but even of next weeH,
with more aceuracy than i= now possible. we must have
al our disposal data which will enable
miine the conditfon of the upper Iayers as well and
their effect upon the lower layers. In the interest af
that Investigation, we find that the modern meteoralo-
gist has been conducting for the last two decades in-
vestigations that will sooner or later bring together
4n enormous mass of facts, the mind of sonme
NiiEteEr et corolopia daw '-"-'1:l|[| into sclen-
tific correlation.

In this effort to discover the physical attributes of
the upper Fayers of the alr, barometers, hyeromeators,
thermometers, and wind Eages are employed. The
barometer measures the welght of the alr; the hygro-
meter, Its molsture; the thermometer, ils heat; the
wind gage, Its velocity, These Instruments, all of them
well kmown in meteorological research, have been con-
giderably muodified the study of the upper air, a
modifcation necessary becaase Ehey must be lifted to
Freat helghta by means which make jt impozsible to
employ great welghts, Henes 1t 8 that they are made
lighitness and are Ingenlously combined.
The combination g8 usually Known a8 a “meteor
ograph.” Thus the thermometer and barometer are
merged into a meteorograph, specifically known as a
baromethermograph, a contrivance which I provided
with two mutomatic atyles, one of which writes down
the pressure of the alr aod the other s ¥arying
temperature. Sometimes the baromséter, thermometer,
lnstrament,

words, are  bo

us Lo deter-

which
will =ome

for

of feathery

in @ single

and hygrometer are jolned
which potes the humldity as well as the pressure and

temperature.  The records are made upon clock-driven
cyvlinders coversd with lamp black, bécause no Ink has
'I:-_f-_-::l found which will mot freezs in the bitter cold of
At lower levals special Inks and paper
The constructlon of thesa mefoor-
Perhaps

the upper air.
can be employed,
orraphs has invelved not a little ingenuity.

Laflating & Haul doulle balloon.

the men who have contriboted most in devising sps-
cinl forme of Ingtruments are Mr. 8. P, Forgusson and
Mr. H. H. Clayton of the Blue HIill Meteorological
Obzervatory in this country.

Fifty weara ago, the experiment was made of in-
trusilng instruoments of precision to venturesome hl-
lepnlats. Decanse n human being eappot Wve In the
thin alr of great altitudes, these experiments gomelimes
proved fatal, Hencs it the metesrologist has
adopled, in 0 mepsure, the methads of the marine biolo-
plat. In other words, he sounds the ocean of air at
the bottom of which we live,

Hig sounding methads are dependent upon the om-
ployment of kites and fres anmanned halloons. By
thelr means It hes become posgible to elevate the dell-
cibe fnatruments which futomatically record the phval-
el conditlen of the upper air, and to bring ta the
#irth nn mceurate account of atmospheric happenings
many miles above the earth's sgorface. The men fo
whom most of the credit for thiz new means of | vestl-
gation 15 due are Prof, A. Lawrence Roteh of the Blue
Hill Meteorologieal Observatory, in this country; Dr
Richard Assmann, of Germany, and Teizgercne de Bort,
of France,

The exploration of the upper air by kites haz heen
ciarrled to the greatest perfection by Prof. Hotceh, [
may safely b sald that his stody of the lower four
miles of alr is the most complete that has vet been

I# that

made. The Eltes employed by him—and, for thot met-
ter, by almost every meicorologlst—are of the open
box type Iovented by Mr. Lawrence Hargrave, The

kltes often messure § feel in length. Buch s the pul)
exerted by them, that It s Impossible to employ mus-
cular power Lo control them. TFor that reason, they
are hauled In by engloe-driven winches, Devices are
employved which register the pull of the kite and the
Iq-:ngth of the line 1o use, Often It happens that as
much aa ten miles of line moay be paid out. In spite
of the great Hfting capacity of such o kite, 1t could
rot atieln any conslderalils height If It were held by
hemp alone. A cord oF rope swould necessnrilys e a3
heavy and thick, that a kite would be geverely taxed
in pulllng It up. Hence It la common 0 cmploy flne

muzle wire, which s both strong and light. The ele-
vatlon attalnsd by o kKite s determined o falr weatlier
by means of thoodolites, At night and in hazy
meElenroErak il
pemded wpsen

Four mileg may e conaidered the

waalher

Lhie readinen  thormmas]ves ks i

MR E IO g e

that o kilie |8 capable of attaining. To sound the
reaches of alr above that level, the [ree or ORMATI0
ballean 18 employed, of whirh the most skilifol u
hig been made by Teisstrenc de Bort and by Dr. Rich
ard Assmann, These fred ballosns are flled with pors
hydrogen gias, which expands with Increasing sleva

tion, Sinee the degree of Infatlon obyionsly  depend:
upen the helght to be attained, conslderable care must
e taken not to G0l the gas bag entirely. 1If the bal
loon i% to repch & point whers the air iz one-hall as
denfge aa at the level of the sen, the gas bag 1o filled
about one-half, If a hefeht is to be attained at which
the air density la one-fourth that at the level of th
godt, the hag 12 filled about one-fourth. It is very evi-

dent that for the atiainment of ereal hslehi
the balloon's capicily must be great and the conatro
tlon exceadingly light, This axplaing
af feathery amployed [
fafrly large paper balloons were employed for the pn
pose, by Telsserene de Hort [ndig-rubber bal
lnons of Asemann have now taken thelr place. Thies
India-rubber bolloons vary o dismeter from Lhire

VETY

Wiy InEtrament

!
HERIneSE tiaisl e IFiginally

gt the

five feat. They have réached considerable heigh
At the maximum clevation of the balleon, the expan
slon of the hydrogen gas aventunlly bursis the

I arder that the Instruments may not e dropped

tg the pround, checked In thelr
degeent by o parachuate. of a
glightly Intinted auxiliary TILRY
which does not explode, and whith haz suifielent by
uncy to prevent & teo rapid foall of the insiromae
Recently, 8. Saul, of Anchen, Germany,
the use of two balloons conmected by an
pipe provided with a valve, The welght of
i5 much lesa than the netting penecally
Lalloon to carry the bagket containing the recoriding
instruments, and 18 eertainly much lighte
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The Saul dooble registering balloon,
BOUNDING THE OCEAN OF AIH.
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chule, Tha arrangement e gach thal whan the doubilo Alihough o lurge numbsr of Baflous-sondes wore il madn there, On May Tth & genernl storm prevalled
balloon iches itn maximum helghl, the ono Lt patehed from 81 Louls In 1904-7 under the direction o that the balloon, travellng Trom (hi o ; .,..,,I
nud the other, pot haviog sofclent buovanoy Lo CArTY of Prof, Hotch, mone had been employed In the saat. iopt in tho cloud and | nbneduent Jqeifr il nod
the whale welght of thoe apparniue, sinks alowly to ern States untll losl year, Im Moy oand July, 1968, e Tollowed, bul the remaliant courss W 1 rrd e
Lo oorih AL Bl sarnn lmae If sorves Lo mitract the Tonr ballons-sondes weres launched Froom  PIEGedield. irom Lhe pouthwest, ma delermined by il phi
attention of {ho linder, beomupe |0 flodwis o fow ool Muss,, with spocinl proeaotions bo lmit the time thoy tho Instroment fell two hours late i 1 am
above tho ground. The balleons can b filled in the remmlned In the alr and se prevenl theos from deif. will reach Ie greatost belght in  abogi LI .
opan nlr, even in windy wenther, by one man, wherens Ing out to sea with thoe uppor westorly wind, Thrs rubbor balloan, In thres Lan
ppeclal core muost be taken with the ordinnry systom of the reglileripe inplroments have been retorned Do I'hie alrsxploring satlons of the satlee warld "
To wvary bagkel In which the lnstnimonts of m ponand- the Hlue HIIl Obsorvatory with good recorids Th landod themsslves Into an @ an for ihi &
Ing balloon are contmlned, o printed potles iz attached first {nstrument sent up on May 7ih was not found for  of carrying on o syatematle sxploration of I
whith offers a peward for thelr return. A very largs ten monthe, and the recond e very interesting becapss nlr, on agreesd dats Thun we find that sk i |
pumber of the {nsiruments which deop to the carth it plves complete temperntor: dats Prom the ground *Iaternst o] ok of explomtion | 1
thua find thelr way back bo ithe observalorica up to 17,700 melors, or 11 miles Fhis In G606 §petors odditlan f6 the regulir work of en oY
sounding balloons reach aetonizhing clevations, and higher than the highest ascenmion from Bt Louls, These [pternntlonal wi mav fall in i 2
trave] mt speeds varylng from 40 to 80 miles an hour. which, by a coincidence, woan also the frel one to De {Tauii

. Controlling o Kite with o hasd windlass,
A blloun ascent on Loke Vietoria Nysmnsis

docliy of the wiml before Thi

with special theodolites, The pllot balloons are liberated to ascertain the direction and ve
liberation of registering balloons,

QERMAN METEOROLOGICAL INVESTIGATIONS 1§ EAST AFRICA.
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SOUNDING THE OCEAN OF AIR.
(Continued from page 393.)
mer, autumn, or winter. Kites and bal-
loons have been sent up from almost
every quarter of the earth. Perhaps the
most recent of these investigations in an
out-of-the-way quarter of the globe is the |
meteorological expedition to East Africa
undertaken by the Royal Prussian Meteo-
rological Observatory. The expedition
was conducted by Prof. Berson and Prof.
Klias. The chief object was to determine
the origin of monsoons, an object which
was not altogether attained, but on
which much light was thrown. An ulti-
mate aim was the prognosis of the rainy
season in East Africa and India. On the
coast and from a specially chartered
steamer on the lake, ballons-sondes, pilot
balloons, and kites were sent up. The
observations over the equator, in the cen-
ter of the continent, showed very low
temperatures at great heights, as did the
expedition of Teisserenc de Bort and
Rotch on the equatorial Atlantic, but
with the difference that over the African
continent there was a trace of the per-
manent inversion layer. The vertical
changes were as follows: adiabatic de-
crease of temperature toc 13,000 meters,
between 13,000 and 15,000 meters a small
inversion, and above 17,000 meters iso-
thermal conditions. Above the southeast
monsoon the wind was south-southwest,
| and three times a westerly wind was ob-
served between 15,000 and 18,000 meters,
above the great equatorial current from

the east which is supposed to prevail at
all heights.

It was feared that a very large per cent
(Continued on page 400.) !




Gof the ballesng which fell on land would
be lost, beckuse of the oature of the
touniry and the sparsenesa of the popu-
Intlon, but on the contrary an astoniafing
proportion of them was recoversd, owlng
tar the keenness of viglon of the natives,
to whom & small rownrd wna affored for
CVETY ond returned,

What has been the resalt of this Inter-
national aderial sounding? 1t has been
digeoverad that all over the earth the air
Ia stratified In three more or leas dlstinet
lavirs, The lowermost of theas, tho
layer in which wo live and which extonds
upward for two milea from the sorface
of the earth {at which helght the freezing
point in encountercd) s n reglon of tur
medl—warm to-day and cold to-morrow,
Thig Is the stratum of eapriclous windas,
evclones and antlcyclones, of cool de-

scending eurrents and warm ascending | B
currents,  All our weather forecasting la
at present based on whiat can b Fearned I
from the general circulation aof the alr in |7
this lowermost Tayer, ¥ —
Above this first lover, which extenda (
upward for perhaps two miles, beging
the second layer, which s about six IIl‘l[l."I-I-i ha
thick, and is less turbulent than the first, | g
In it the alr prows steadily colder ampd |
drier with Inereasing helghi. Tempera- Lo
tures as low s 167 degz. below the Fahren- | W
helt freezing point have been n.'unrﬂl'l!i?"-
here, Whatever thermal !nezu'[uriri[':tnli“

there may bhe are caused by temperature
changes on the surface of the earth and
hy the reflection of solar heat from clouds,
The wind blows always in the same east-
erly direction; and the greater the height,
the more ferocious iz the blasat.

The last of all the layers thus discov- |
erod lies abowva thia. Originally revealed iw-
by Teisserenc de Bort and Dr Richard th
Assmann almost simuliancously, |t was |
firzt known s the "isothermal stratom,” ,lh
becauge its temperature seemed to be sta- | J,
tionary. Later, when it was found that
tha temperature, instead of remaining E
fixed, gradually Inerensed, it was rechris-
tened the “permanent inversion layer
The heightl of the fnversion layer has not
as vet been determined. Tt must not be
supposed that, because its temperature
rises, it i5s much warmer than in the
second layer, As a matter of fact, its
temperature must e placed sSomewhera
between 122 deg. and 140 deg. bhelow the
Fahrenheit freezing point. This perma-
nent  Inverslon layer iz puzzling in the
extreme.  In passing from the second to
the permanent inversion layer, the wind
iz stilled to a breeze, the velocity decroas-|
ing From 25 Lo B0 por cent,  The air blows |
no longer in o steadily easterly direetion, |
but almost as capriclonsly az 4 does at |
the surface of the carth. Dryness, l&:;m_'(ls-i
give dryness, Is another charpeteristic of |
the permanent fnversion laver. In sum-
mer e, the permanent inversion laver |
begins at o height of -about 7L miles |
above the earth; the higher it ez, the|
colder it s the lower il Hes, the warmer |
it Iz, There is mwo bodlly shifting up
and down of warm and cold masses of
alr, so that a current ascending from the
Iower level gprends out when it encoun-
ters the permanent inversion Iaver, just
as hot air which sirikes the celling of &
FOMOTEY,

Up to about 10 kilometers the decroase
of temperature is almost adinbatie, then
in the next § kilometers there 19 usually
i rige in temperatiure of 8 deg, to 10 g,
C., with isothermal conditions up to at
least 26 kilometers. The lower zone Telg-
gorene de Hort calls I;-Im- “Lroposphers ' |
and the upper one the “stratosphere.” The
former & a reglon of violent atmospheric

—thgturbances, for i has been shown
that eyclones do nel extoen above Lhe
eirrus clouds, though anticyclones per-
glst to greater helghts, and therefors the
siratoaphere 15 lowest in the cyelone and |
highest in the antfcyelone, and (s Jovel |
shnke from the squator ta 1l poled. The
stratosphere I8 a region of Interlaced our-
rents and small vertieal movements,

Up to the helght of the permanent In-
verslon layer, the temperature falls al
an overigs of one 1'1';.:]1.!1.- Bt per 100

(Concluded on page $01.3
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meters (one degree F. per 182 feet). Be-
cause of the constant upheavals to which
the air i1s subject in its lower levels, this
average rate of temperature reduction as
we ascend is not always observed. Some-

times it even happens that for a short
distance the thermometer rises instead of
falls, but wultimately the temperature
drops at a uniform rate until it reaches a
point lower than that recorded by any
North Pole explorer.

The three layers of air which have been
discovered by kites and balloons inter-
mingle but slightly; one floats upon the
other as oil floats upon water. Of the
great ocean of air at the bottom of which
we move and live, three-fourths lies be-
low the permanent inversion layer. All
our storms, our clouds or dust are phe-
nomena of the lower two layers.

————r
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