
THE ruling weather conditions

form a most important factor

in the transatlantie flight,
and upon the selection of the

nroper air conditions, more than

npon any other feature except the

proper functioning of the engines,
will depend the success of the at-

tempt.
No one who is not well versed in

the science of meteorology realizes

the diffieulty in selecting the right
weather conditions and appreciates
(officiently the cautious delay of

^e British aviators in making their

ftart
The facts concerning the air con¬

ditions are. briefly stated, as fol¬

lows:
Xorth of about latitude 40 there

is a constant procession of huge at-

tnospheric whirls progre3sing in an

easterly direction at greatly varying
gpeeds across the ocean. These

huge whirls are the cyclones (areas
of low barometer) and out cyclones
(areas of high barometer) usually
from 500 to 1,000 miles across and
8 mile or two deep, but each with a

circulation of air distinctly its own.

In the cyclone the wind blows
from the outer rim inward spirally
toward and around the centre
(counter clockwise) at the ground,
cr sea level. and at low altitudes.
But these directions veer toward
the right with ascent and up in the
sir, a mile or two, the winds blow
eutward and away from the centre
Counter clockwise. So that near the
furjace of the ground or sea the
Winds on the front of the cyclone
blow toward the centre from the
South, southeast, east and north-
east, oriented from south to north;
while the winds at the rear of the
cyclone blow from the north, north-
West, west ar.d southwest, oriented
from north to south. But aloft the
Winds blow from the centre from
the northwest, west and southwest,
priented from south to north, on

the front of the cyclone; and from
Jhe east, northeast, north and north¬
west, oriented from north to south,
Bt the rear of the cyclone.
Th? surface winds increase in ve-

Jocity as the centre of the cyclone is
approached; and the upper winds in
general decrease somewhat as they
recode from the centre.
The southeast quadrant (90. de-

grees) of the cyclone is the region
Cf clouds, rain, thunder squalls, vio-
lent local winds; and in fact is the
dangerous area where "bumps" are
likely to occur to disconcert the
aviator.
The air on the eastern side of a

cyclone is usually warm and cold on
the western side.

ln the anticyclone the wind
blows from the centre outward
Spiraily around the centre toward
the outer edge (clockwise), at the
ground or sea level; and at low alti¬
tudes; but these directions change
frith the ascent and at high alti-
frides of a couple of miles the wind

blows still inward and around the
ccntre in a spiral clockwise.
Tho sur/ace and loiver winds at

the front of the anticyclone blow
from the centre and from the north,
northwcst and west, oriented from
south to north; while the winds at
the rear of the anticyclone blow
from the south, southcast, east and
northeast, oriented from the north
to the south. But aloft the winds
at the front blow spirally toward
the centre from the south, south¬
cast, east and northeast, oriented
from south to north; while at the
rear they blow from the north,
northwest, west and southwest, ori¬
ented from north to south.
The air is usually clear or with

but little cloud in an anticyclone.
The front or eastern side is cold
and the western side warmer.

In effect a cyclonal air move¬
ment (counter clockwise) near the
ground is changed to an anticyclonal
movement (clockwise) high above
the ground. So also an anticyclonal
a.i movement (clockwise) at the.
ground is changed to a cyclonal (an¬
ticyclonal) movement high aloft.

One Cyclone
After Another
There are usually three or four

cyclones and anticyclones passing
across the American continent from
west to east at any one time, with
their centre a thousand miles or so

apart, *the more eastwardly at a

speed of about thirty miles an hour,
and their passage gives us our

changes in wind and weather.
Over the North Atlantic Ocean

there are seldom more than two or
three of these cyclones and anti¬
cyclones and they generally pursue
a more northeasterly course, going
from the latitude of Boston (say) to
that of Lonclon; and the move east¬
wardly only about twenty miles an

hour, which is much slower than in
America.

These cyclones and anticyclones
change their shape somewhat in
crossing the ocean and becomc more

symmetrical with stronger and
steadier general winds, and com-

paratively slow changes in the wind
direction. As the cyclones approach
and reach the British and French
coasts they change again somewhat
in form and character and the wind
changes become very abrupt.
A west wind is desirable for tho

best flight conditions; for thereby
the speed of the aeroplane would be
increased by the speed of the wind.
For a head wind the true movement
of the 'plane would be the speed of
the 'plane diminished by the speed of
Ihe wind.

Cross Winds
The Real Danger
But cross winds are the most

troublesome. In flying straight
through a cyclone from west to
east it can be seen that for low alti-
tudes a cross wind from the north
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would be encountered on the west
side, at the centre strong veering
wind3, and on the east side cross
winds from the south. In flying at
high altitudes a head or partly cross
wind from the north would be met
on the west, and west or concur-
rent winds on the eastern side.

There have been at various times
daily surface weather charts pub-
lislied of the Atlantic Ocean
and the neighboring mainlands of
America and Europe: The interna-
tional charts published by the signal
service in the seventies; the long
series of Hoffmeyer-Neumayers
daily synoptic weather charts of
the '80s and '90s published by
the Danish and German govern¬
ments, and the daily charts of the
northern hemisphero published by
the United States Weather Bureau
from January 1, 1914, and which
were interrupted by the war. The
knowledge derived from those charts
of ocean level atmospheric condi¬
tions, particuharly of the winds, sup-
plemented by studie3 of the upper
air made at the two continental ends
of the line of flight, forms the basis
of the ocean flight weather prog-
nostications.

Over the North Atlantic Ocean
there is in general a high baromei.-
ric pressure south. of latitude 45 de-
grees with correspondingly stable
weather, and a low pressure to the
north, In the neighborhood of Icc-
land there is a very low average
pressure, and that region is corre¬

spondingly stormy.
Newfoundtand's
Frequent Fogs
The fog conditions just east of

Newfoundland are very bad. Di-
rectly off the coast at this season of
the year about 45 per cent of the
days are foggy, so that for the first
250 miles from St. Jonn's the fliers
most likely will have fogs to obscure
the surface waters; but 500 miles
east of St. John's the fog conditions
have become so much bettered that
only one day in five is foggy.
The prevailing surface winds over

this part of the course are from the
wesT-, and for the higher flying
heights from the northwest; but it
will be the conditions on the day of
flight that will control the destiny of
the aviators. and not average condi¬
tions.

The best preparation^ for the
transatlantie flight necessitates the

transmission of information of the
current daily weather conditions in
the eastern United States and Cana¬
da, and the air conditions over the
North Atlantic and northwest coast
of Europe by wireless from ships to
the point of departure in New-

to depend on pure theory and the
meagre records of 'cloud observa-
tions that are available as indicating
the upper winds on the North At¬
lantic. We know that the lower air
conditions are not quite the same
in midocean as on land, and just in

and their security Vnuch increased
by opportunities for radio or rocket
communication.

For a flight from Newfoundland
to Ireland at high altitudes an area
of low barometer just west of New¬
foundland and an area of high

foundland, so that the types of
weather to be encountered can be
prognosticated. These conditions in
connection with the local weather
conditions furnish the entire work¬
ing weather plan.

Experience (iained
In War
When the American avia'tors were

flying at the front they had posted
for their information the wind con-

ditions at various flying heights for
the day of journey. These were

carefully worked out by the meteor-
ologists based on the weather map
conditions and the particular place
of flight; for the environment had
to be most carefully taken into ac-

count. For the ocean aviator the
environment is the broad Atlantic.
For the ocean flights, for the first
part of the trip, the conditions aloft
as related to those at sea level for
the region of the Blue Hill Obser-
vatory would be generally applica-
ble. For the last part of the flight,
straight across. the conditions found
to obtain for the British Islands,
where numerous observations have
been made, would be applicable.
But for the greater part of the
ocean trip the aviator would have

so far as our observed information
regarding upper air currents at sea
fails short, there will be an uncer-
tainty for that 1,500 miles of air
navigation in midocean.
The accounts that come to us of

the close watch that the aviators in
Newfoundland are keeping of the
local weather conditions make one
feel that those local air conditions
are playing a too important part in
the plan. To be sure, il is highly
important that the local starting
conditions should be as favorable as

possible, because the start is like the
"take off" in a running jump, and
well started is well begun; but the
jump has still to be made.
By choosing the proper condition

a westerly wind may be secured for
the whole journey by Laking a high
altitude for the flight.

Following the
Handy Ship Lane
The northern route, straight from

Newfoundland to Ireland or the
English Channel, will offcr the pro-
tection of tho transatlantic steam-
ships, for by swerving slighily to
the south all but the first live hun¬
dred miles of the aviators' course
can be directly over the ship lanes

barometer over the eastern North
Atlantic would be most favorable,
since this would give southwest or
west or northwest winds across the
ocean in the upper air. But a strong
objection to this would be that the
start would have to be made in
stormy local weather.

There are three weather phases of
the transatlantie flight problem, and
it is absolutely necessary to consider
them separately.

1. The weather at the start, and
Newfoundland weather is about as
"mean" as is to be found any-
where. It covers the first few hun¬
dred miles of the flight and extends
over the foggiest and most uncer-
tain navigation conditions to be met
with anywhere. This covers the
first few hours of the flight. Local
atmospheric disturbances are preva-
lent in this region.

2. The weather conditions of the
broad North Atlantic and stretching
over a distance of 1,500 miles or
more and covering the main period
of the flight. The conditions here
are more steady than at the ends.

3. The weather conditions for the
land ing and covering the coast of
northwest Europe and extending out
to sea one or two hundred miles,

thus embracing the last two or three
hours of the flight. The landing
conditions ean hardly be picked;
they must be taken as found, and
the gales of this section are historic.

The weather conditions to be se¬
lected for the flight must be the
best averaging up that can be made
of all three of these conditions.

The Question
Of Attitude
The type of weather eiected for

the start-off will depend on whether
the plans are made for a flight at
high or low altitudes. If a low

'flight is planned, ^hen the weather
map of the North Atlantic, with ob-
servations made at sea level, will be
directly useful. But if it is decided
to make the main flight at high alti¬
tudes, then such a weather map will
form the basis only of complicated
calculations which will permit the
drawing of a weather map showing

\ the conditions at heights of one or
two or three miles above the sea
level. And herein lies the triumph
of modern meteoi'oloj y.

If the flight is to be made at low
altitudes the most favorable weather
conditions for the whole flight will
be when an area of high barometric
pressure lies over the middle and
eastern North Atlantic, between the
Iatitudes of 10 degrees and 50 de-
grees north, with a not too deep
area of low barometric pressure ly-
ing far to the north. eastward of
Iceland. The American law ^ollow-
ing the high should be over the
eastern states, but not so close as
to give an easterly wind for a start
off.

This would give winds at low al¬
titudes from the southwest or west
nearly the whole way across the
ocean.

On the
Azores Route

In the flight by way of the A/.ores
the aeroplanes would cross the
track frequented by the transatlan¬
tic lines, but most of the way would
be off the beaten track, and there
would be little possible assistance
from passing vessels. Of course, the
distance of flight % much less, but
this hardly outweighs the safeguard
of vessels on the longer route.

By this route a new element of
weather conditions enters, for in the
passage from Newfoundland to the
Azores the air conditions change
very materially in type, the prevail-
ing winds at sea level changing from
west to north, whereas from New-
foundland to Ireland they remain
the same to which the aviators of
northern Iatitudes have been accus-
tomed, although the prevailing
winds change from west to a more
uniform distribution from all points
of the compass. Much of our

knowledge of the upper air move-
ments in the region of the Azores is
due to tho researches of Rotch and
Clayton, of the Blue Hill Observa-
tory, near Boston, the latter having

made a voyage of upper ar\ explo*
ration into those latitudes and ser.t
balloons aloft to ascertain the upper
air current.

Dangers of
the Azores
That local wind djsturbances of a

most serious nature are to be ex¬

pected in the course of such a flight
is most certain. They occur at all
altitudes and from a variety of
causes. But the most prolific source
at high altitudes will be the huge
billows that occur in flowing streams
of air, just as water waves are
raised by wind on a water surface,
only about eleven hundred times the
size of water waves in magnitude.
The running into the troughs of
these waves or into the spraying
crests will cause a gustiness that
will test the strength of the ma-
chines and the skill of the naviga-
tors. Winds.of 100 miles an hour
must be expected, and perhaps ex-

ceeded, making not only the preser-
vation of the equilibrium of the ma¬
chine difficult, but the position cal-
culations very uncertain.

The instrumental difficulties of
the flight will be exceedingly
troublesome. The barometer is the
key to the aviator's position in the
air and, indeed, to the atmospheric
conditions in general, and he can
get no barometer readings at sea
level during his flight. Conse-
qnently the uncertainties of the al-
titude will amount to as much as
the irregularities in the barometric
pressures from day to day, and may
amount in extreme cases to a thou-
sand feet, or even more. This
might have considerable e.ffect on
the calculated speeds.

The instrumental determination
of drift due to side winds may be
subject to great error, since there
will be no fixed ground object to
use as a check. Thus, even such a

looming objective as Ireland might
be missed, and as for the Azores,
they do not subtend a very large
angle.

The Matter
of Safety
As regards the safety of fliers it

must be said that it will depend on
the perfect functioning of the en-

gine, and the fact that one of the.
three United States naval 'planes
thal started was put out of commis-
sion by failure at tho beginning of
the flight indicates the uncertainty
that yet exists for aeroplane motors.
The wings are but fragile mecha-
nisms, and their disruption easily ac-
complished,. together with the put¬
ting out of commission of the wire¬
less apparatus. The faithful, unerr-

ing pigeon can hardly perforin his
work as rescuer under the condi¬
tions of an ocean flight, even

though he worked miracles during
the war strife.
What man can accomplish, these

aviator men will do!

/{fT^HIS ls one of the great
1 things we ehould do to-
-*- gether," once said the

First Napoleon to the
fc" British AmbaBsador In PariB.
P>« wmark was made shortly after
»ep«tft of Amlena, and the Emperor
j^erred to a tunnel beneath the Eng-«*> Channel. connecting England and
Frtnce. A great French engineer

J*»«d Mathieu had suggested the plan
F> *. daring .Vapoleon, and he had at
** taken li up. a8 ,t appealed t0'
*» Tlrid imaginatton and love of
Wmakingg 0f a difficult and gtgantictatare.
*>*t the British Ambassador's re-

£j **¦ i« not a matter of record,""Wrtain It is that the proposa!JJ "«t st that time looked -upon.» '*Tor in England, and the tunnel". »»t undertaken.
fcai required more th*n one hun-

¦.und'V "' hrine th° Br,t,sh V*°V]«
Bi« j ,

.,*P°Ic0J'''« auggestion, and» doDbtful if they would even now" *"»tlve if it had not bft.n for
jJ^orM war and the Gerrnan U-

£ -%''aid preliminary work has
^ <*rm by Btarting work to com-

. We railway line between DoverJj*0lke.te.e which was blocked bySJ,^* Un<*«Hde at the beginning of*'. M.Jllona of tons of earth now

C2J* Wmw,,d *nd th« »ne l» be-^ &fr"h- W*>*» this road is in£*¦¦"» It will bring trains direct^t^,V,t>'':m0Uth0fth,5pr0-
^"t* fcr th* entrence on the Frmrh
^ **« been «Prur>,i# aoin. Wfty from
^Mt, which, a« on the EngllahR "!rU °f difr'*' aT"3 .MM.wl
W. Wlw,7 construction al. will

[B,'iT P!*n' »'«". '.* the build-
>» 4uJ»ro t,Jnn*u» **«h slfhteea feet«°«*r, eonneeUd by eresi ,«ji,r.

. « frosent U, th, ^^«. wsximum depth 0f wsUr on the

Photoa from Ollllanis ervlce,

The exact spot where it is expected the tunnel channel will start. Tons of debris must he removed
hefore the actual tunnelling can he begun

routfl in 180 feet, and a cover of chnlk
3 00 feet thlck would bo left undis-
turbod above the crown of the tuonel
to provido against any danger from
an enemy or the sea, no that the
tunnel .would dencend to a level of
about 280 feet below tho boh'h aurface.

Irotl tubea wi!l be built up an tho
tunnel advancea, preclaely a« fn the
London "tuben." Owinjr to the ex-

traordinary advance in the art of tun-
n<dlin(c in recent years, tho work could
bo done quickly, and it in oatlrnatcd
that the tunnel Itaelf could bo com-
pleted in flvo or five and a half yeara

§11 Francla Fox U mentlonod u» the
enjfin^er who may havo charjso of tho
work on tho Britiah aectlon of tho tun-
«»l. Ho 1» a jp-eat tunnelltng cxpert,

nnd actcd as speeial advisor for tho
Swiss government in the boring of the
Bimplon,
Thirty-two Miles
Long
The total Icngth of tho tunnel, in¬

cluding the approuches on both sidos of
the Btralt, will be thirty-two miles, of
which rather more than twenty-one nnd
a half miloa will bo under tho sea.

When tho tunnel is completed lt ia ca-

tltnated that tntins can run from Lon¬
don to I'aria in less than alx hours.
As aoon aa trnina onn pass under tho
Channel they will be ablo to traverso
France, Holglum, Jlollnnd, Hpain, Italy,
(iermany, Auatria-lhingary ,und Tur-»
key as far aa Conatuntmoplo without

nny diffirulty ns to gauge or minimum
Ktruetures and without the passengers
having to change enrs.

In the course of time, doubtless more

^han two pairs of rnils will be re-

nuired to deul with the onormous

volume of trntTic whloh in each diroc-
tion must Inevltably deveJop,
At lahor prices beforo the war ft

had been estimntcd that tho cost of the
tunnel would be in the neighborhood
of $80,000,000, but wages havo gone up
cotuddcrnbly since then, as well ua tho
cost of raw mntcrlul, and lt now Is
hollovnd that tho tnnnel will cost at
least $100,000,000 and some day $i25,-
000,000, which probably is close to
the correct figure.

In thia connoction, tho financdal aa-

pects of thia big engineering under-
taking are interesting. ln 1875 a

French company waa formed to con-
struct tho tunnel from the French end.
This company still remains in existence
with a eoncession from the French
government, which holds good for
ninoty-nine years nfter the opening of
the tunnel. So far as France is con-

cerned, this organization doubtlesa will
handle the French end.

Up to British
Government

To properly link up the undertaking
in the same year the company was

formed in France. a British company
was also organized and attained Par-
liamentary powers to undertake ex-

perimental work on the tunnel. This
company has already expended about a

million dollars in preparatory work,
and, under the control of the govern¬
ment, il, ia generally expected that
they will now bo permitted to carry
out tho actual work of the tunnel con¬

struction, as they nre reported to have
the necesaary financial backing.
On tho other hand, as tho British

company has no such riinety-nine-year
concession nfter the opening of tho
tunnel ns the French company, it ia
possible that the English government
will itself undertake the construction
of tho tunnel proper. Whichever way
the cnt jumps, it remains only for the
government to press the button for
work to begin without delay. Accord¬
ing to some enthusiasts not even Par-
liamentnfy sanctlon is requlred, the
government having sufficient powers
under the Defence of the Uealm act.

Whilo from nn engineering point of
view the tunnel, when eomploted, will
undouhtedly rank high among the feata
accomplished by human skill and labor,
nt tho same time it is not anticipnted
that any dimcultiea in tho work in thia
day of advanced engineering will be
encountered which cannot be readily
overcome.

In tho Chnnnol tho sea ls not the
difllculty; tho only risk liea in the
geological aspect. Tho first lnyer un¬
der tho Ohannel la white chalk, and
benenth thia la a belt of gray chalk

some *)0 feet in depth. The question
arises whether or not this gray chalk
is impervious to water, for through it
engineers consider the tunnel will have
to be bored. If it is impervious the
tunnelling will be easy compared with
the East River tubes.

In the building of these it was neces-
sary to bore through hard rock cov¬
ered with immense glacial boulders
overlaid with quicksand. In the case
of the Blackwell tunnel the bore was
run close under the gravel bed of the
river and a blanket of London clay,
which is impervious to water, was laid
between the gravel and the. tunnel.

In connection with the proposed bor-
ing of the Channel tunnel, John K.
Heneken, an American engineer, hns
come forward with a plan which he
snys he has submitted to the British
Cabinet and which ia now under con-
sideration. Mr. Heneken claims to
have invented a wonderful imte'hino
which, he claim?, will cut through
earth and rock aimost like cheese al
the rate of 100 feet an hour. In fact.
so rapidly does his invention work that
he asserts that he can have the tun-
nels completed and ready for opera¬
tion, at an enormous saving of ex-

pense and labor, within a few months'
time instead of the years it is now ex¬
pected will be required to build them.

Mr. Heneken plans to not only have
a trackway in each of the four tun-
nels he proposes, but also a driveway
as well, along which motor lorries
can be driven from England to bases
in France without breaking bulk.

His plan is to have eight of his
machines in use, one nt each end of
the four tunnels, and another set of
eight machines boring the approaches
nt the same time. Two of the tunnels
would cut at a depth of 100 feet be-
low the chnnnel'bed "to avoid possi-
hility to injury from above," and ihe
othor two somewhat lower "to he used
as drainago tunnels additionally to
their use ns trafflc tunnels." The
horea will be cylindricnl in shape, un-
lesa lt-is decided to havo both drive-
waya and trackwaya, ln which caso the
lowor half will be cut square or rect-
angular,

ln descrlblng his machine, Mr.
Heneken says It, conaists of a Heries of
swinglng hnmnwrra rotated at a perlph-

eral speed of about 500 feet a sec-
cnd, strlking several hundred thousand
blows a minute on the face to be ex-
cavated and pulverizing the materials
"from five inches in greatest dimension
down to impalpable powder." Ench

blow, he claims, would have the force
of a 3-inch solid projectile. The ma¬
chine, with all appurtenances, is moved
forward by a system of caterpillar
tractors and the debris is carried away
cn belt convevors.

An electrical boring machine. used to determine rock conditions.
now at work on the French side of the projected channel tunnel


