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Breaking Up
Tornadoes

By NIKOLA TESLA

EVERY year whirling tornadoes cause great damage in the
United States; and this disaster, like earthquakes, has
hitherto been accepted as unavoidable. But the great scientist
and inventor, Nikola Tesla, who has given the matter special
study, both experimentally and theoretically, here proposes

a pmticable plan for the organization of a national govern-
ment service to combat and break up tornadoes, when forme
ing; just as a fire department responds to an alarm and over-
wheims the blaze while it is still small. It is to be hoped that
this proposal will be met by official investigation and adequate
action at Washington.—~EDITOR.

® MANY reports of tidal air waves, cyclones, and especially of

tornadoes describe actions which are unbelievable; and to account
for them some observers have assumed velocities of the order of
those attained in explosives.

Just to get an idea, suppose that one pound of dynamlte ocCUpying
the whole volume of its container is 1gmted. The maximum theoretical
velocity (See Note A at end of article jor aaicwatmn) attained in a
perfect nozzle is 11,400 feet per second, which is obviously far above
that actually attained at the mouth. In such an explosmn, however,
the gases are projected through a hemispherical opening of great
area with correspondmgly smaller speed, which is further reduced
in accelerating the free air. Thus, at a small distance from the center

of the disturbance, the tidal wave advances with the speed of sound;

that is, 1089 feet per second.

I have had many opportunities for checking this value by observa-
tion of explosions and lightning discharges. An ideal case of this
kind presented itself at Colorado Springs in July, 1899, while I was
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The old idea of shooting at a waterspout was correct in principle, but insufficient in force. Yet, as calcuiated here, the force of s tornade can be
overcome hy modern explosives, which might be ciliciently and safely applied as shown.
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carrying on tests with my broadcast-

ing power station (which was the only

wireless plant in existence at that Qg

time). A heavy cloud had gathered
over Pike's Peak range, and suddenly
lightning struck at a point just ten
miles away. I timed the flash instantly
and, upon making a quick computa-
tion, told my assistants that the tidal
wave would arrive in 48)% seconds.
With exactly the lapse of this time in-
terval, a terrific blow struck the build-
ing, which might have been thrown

off the foundations had it not been

strongly braced. All the windows on
the exposed side and a door were de-
molished, and much damage was done

in the interior. Taking into account

the energy of the electric discharge
and its duration, as well as that of an
explosion, I estimated that the con-
cussion was about equivalent to that

which might have been produced by
the ignition of twelve tons of dyna-

mite. Though the mechanical effects
of lightning bolts diminish with the
square of the distance, they are still
plainly observable within the range of
8ix hundred miles. -

It should be borne in mind that
these actions are of very small dura-
tion, and that a steady gale of such
velocity would produce appalling ef-
focts. It would quickly erode and grind
up the hardest materials, fuse metals
by friction and impact and burn up
anything that is combustible, Objects,
no matter how large and heavy, would

- be carried off like feathers, and even

& mountain range could not resist for
any considerable period of time: since
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astonishing and puzzling at
first thought. To illustrate.
consider the mechanical effect .
of a stalk of dry grass or
straw hurled normally
against a wooden plank with
a speed of only 160 feet per

(Continued on page 905)
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Breaking Up Tornadoes
* (Continued from page 871)

second. (See Note B) The force of
2929.5 pounds per square inch is much
more than the plank can withatand; the
compressive strength of oak perpendic.
ular to the grain being less than half of
that. Evidently, then, an effect of this
kind can be surely expected even with
much smaller speed, especially if the
stalk is pointed.

In this connection it is of interest to
mention a classical experiment, which
used to be shown to students in some
European institutionsoflearning. ltcon-
sisted in firing from a gun a tallow or
stearin candle at a board 0.4-inch thick.
To the amazement of the onlookers, the
soft missile not only went through the
wood but did not appear much worse
for the experience. The secret of success
was In the quickness of the transit, not
giving enough time for the mass of the
candle to yield. The obvious inference
from such action is that an exposure to
& windstorm is always fraught with dan-
ger to life: for bits of fiying material,
not excluding pleces of straw, may pen-
etrate deeply into the flesh. If my mem-
ory serves me right, I have read of
serious accidents of this sort.

But the highest air velocitiea obsarved
in storms are not, in themselvea, ade-
quate to explain certain stupendous
parformances of the wind, such as lift-
ing loaded cars and locomotives and
hurling them to great distance, When I
first read such reports, many years ago,
they afforded me amusement as I took
tham for original American canards,
often sprung on unsophisticated foreign-
ers. When [ found, to my unspeakable
astonishment, that they were substan-
tially true T endeavored again and again
to prove them by theories and calcula-
tions; but it was only jately that I solved
this long-standing riddle.

Whirling movements of the atmos-
phere have been known and dreaded
since time Immemorial, but, beyond ac-
counts of their destructive actinng, most-
ly uncertain, little positive Information
can be found about them. In 1862 wan
published by H. W. Dove an important
work, entitled ‘*“The Law of Storma”;
dealing chiefly with cyclones, which fre-
owently cxtend over a large portion of
the gliobe and travel thouszsands of miles
before their energy is spent., These are
easily studied and the chief facts con-
cerning them are now well known, Not
80 the Incomparably more dangerous
local stornu, thoe real tornadoes, which
are sudden, erratic, ephemeral (short-
lived) and extremely violent manifesta-
tions difficult to investigate, .

Of late ycars the U. 8. Weather Bu-
reanl and the Smithsonian Institution
have been supplyving data which are re-
lfable and of value In connection with
the subject; nevertheless, our knowledge
of tornadoes is still fragmentary. Ignor-
ing newapaper reports, whicheare not
quite reliable, and confilning myself to
facts unmistakably established, I have
come to certain conclusions regarding
these phenomena, which might be im-
portant, and can be summarized as fol-
lows: -

(1) The maximum velocity of the air
forming the funnel! probably never ex-
ceads, say, 235 feet per second or about
160 miles an hour: which I think ample
to expliain all the actions obwerved. In
his “Manual of Meteorology,” an ex-

haustive treatise lately publinhed, S8ir
Willilam Napier Shaw makes the state-

(Continued on page 920)
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Breaking Up Tornadoes

(Continued from ﬁagc 905 )

ment that specds of 300 miles per hou
or 440 feet per sccond, and even mors
may be atltained, which Is most unlikej
Lo be the case, It must be horne in min
that an aidr bilast of 150 feet Per seconu
readily carries off brickx and other suc
heavy objoects.

(2) Contrary to popular notion, at
tributing to the tornado imimense ener
Y, it has much of the peculiarity of aj
explonive,. I8 power ix great because o
concentration and swiftness of netion
but the c¢nergy s surprixingly smauall
Just to give a rourh wpproximation, con
slder o whirl of an vutside diameter o

1200 feet at the top. about the sam:
height, and a dlameter of 300 feot a
the buse (See Netoy ). The aame en
ergy would be developed by the con
sumpntion of 1.24 tons of gnsolene ol
2.74 tons of dynamite. It should b
stated, however, that this estimate is by
far too high; for the whole funne! ia no
filled with air of uniform density anc¢
not all of it spun at maximum speed.
(3) The tornado whirl Is a huge
pump, drawing air through the opening
a4l the top and discharginge it from the
periphery (rim) at the same rate, simul-
taneouxly producing rarefaction in the
interior. In thix respect s aetfon may
et Hkoeened 1o that of 5 e htd-stazed vie.
U prmipl Tor, as the ale rushes from
the top to the hase, more and more of jt
Is drawn to the periphery, increasing
progressively the vacuum which may
thus attain 2 high value near the ground,
That accounts for the gradund contrac-
tion of the whirl. What degree of rare.
faction is actually reached In this mon-
strous contrivance of nature may be
roughly extimated when considering
that, for anv horizontal acction of the
funnel. the centrifugal forece of the alr
i= balanced by the oppositely-direeted
differentinl pressure existing between
the outside and interior of the whirl,
Other things heing alike. the centrifugatl
force is inversely as the eadius of EYTR-

tion (naverage distance of the maas from
the center); therefore the contraction of
the funne!l is, at least, a coarse measure
of the rarefaction.

To be expllctt, it the diameter close to
the ground {s one quarter of that near
the top, then it may be gafely Inferred
that the vacuum at the base must be
about four times higher than In the top

region. where there is no appreciable
contraction.

~ As the measured pressure difference in
pumps is somewhat greater than that
given by the formula (Note D) [t is
tolerably certain that In the CARE COMN-
sidered A vacuum of not less than four
inches would he attained,

(4) Most of the mechanical effects of
a tornado are, as a rule, greatly intenal-
fled throuxgh water, dust, sand and other
objects carried hy the binst. Kven though
these materials may he present in a
very small percentage by volume, they
are hundreds or thousands of times
heavier than the air, and mnay add enor-
mously to the momentum and impact.

(6) The translatory (from place to
place) motlon of the funnel is rather
across, and not in the direetion of the
wind, an commonly believed. This is due
to ita rapld rotation. causing the so-
called Bernouflli or Magnus cffect, only
much more {ntense, Tha force pushing
it across the wind may be many times
greater than that urging it nlong the
rame. The whirl ia propelled from the

side of greater static pressure, where
the rotation in against the wind and to-
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waurds which it leans, in the direction of
the opposite side where the reverse con-
dition exixtx. It is well to remember this
in such a storm. If the observer sres a
lcaning funnel, he {x in no innmediate
danger, but if the funnel appears
¢traight be should run for shelier at
OnNnCe,

It wil now be ensy to show how a
lare and very heavy body, such as a |
loaded rallroad car or locomotive, can |
be lifted by the tornado and transported
to cansiderabie distance, American logoe
motivey, which are the biggest in the
world, many have a length of 66 and a
width of 11 % feet, presenting thus 760
squire feet in horizontal projection. At
tht moment the whirl strikes the vea-
hicle, the wheels, connections and other
ohxtacles under the main bhody arrest
the mation of the air, eausing a static
pressure of 138 pounds per square foot
in cxcess of that of the atmosphere,
But as determined above, owing to the
vacuum, a pressurc difference of four
inches of mercury (that is, two pounds
per saquare inch or 288 pounds per
aquare f{oot) [s maintained, making the
whole difference of pressure between
the spaces under and abaove the loco-
moltive 288.1.138= 426 pounds per square
foont, The total upward push exertced on
the exposed area of 760 square feet is
thua 323,760 pounds, wwhich is much
neore than the wetight of such a loeona
maotive  (estlimated at 280,000 npounds
when Tully equipped for service).

Ordinarily, the weight should be much
smalicr; and one can readily see that
the vehicle may be instantly raised in
A ospiral, accelerated and hurled away
tangentially to great distance, The aver-
age perron may be surprised that an in-
signifcant vacuum {8 sufficient for ao
stupendouyg a dispiny of foree: but the
igures afford an unmistakable proof. [
may add that [ have assumed minimum
vialues which will be, in all probabhility,
sreatly exceeded. ‘

The constant fear of danger from tore
nadoes and the great losses of life and
property which they cause in cemain
parts manke it very desirable to ind some
means of effectively combating, If not
preventing them., Whenever man at-
tempis to Interfere with the order nf
things determined hy immutable laws,
he finds that his efforts are utterly in-
significnnt when ecompared with the vast
movemenis of energy in Nature,

One of the greatest posxible achleve.
ments of the human race would be tho
control of the precipitation of ratn., The
sun raises the waters of the ocean and
winds carry them to distant regions,
where they remain {n a state of delicate
suspension until a relatively feeble Im-
pulse causes them to fall to carth. The
terrestrial mechanism operates much
like an apparatus releasing great encergy
through a trigger or priming cap.

If man could perform this relatively
triling work, he could direct the life-
giving stream of water wherever he
Moeased, erciade Iakes and rivers  andd
transform the arid regions of the globe,
Many means have been proposed to this
end, but only one is operative. It is
lightning, but of a certain kind.

More than 30 years ago, I undertook

the production of these phenomena anil,
in 1809, I actuilly succeederd, uxing o
wieneralor of 2,000 horsepower, In aoh-
taining discharges of 1XK,000,000 volts
carryving currents of 1,200 amperes,
which were of =uch power as to he
audibhle at o distanee of 13 milex. 1 nlsa
learned how to proidluce just such light.
nings ax oeccur In Natgre, and masteroedd
all the teehnien! diftieultles it this cone-
nection, But 1 found that even the sinull
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manifestations are of comparatively
smiall energy. It is entirely within our
power to destroy them, or at least rene-
der them harmless: and all the more
rasily, since meterorology is becoming a
nasitive science and weather forecnsting
relidbloe.

A worviee with standnrd: homnmbinge
Isleniey o swifler lyvpes mipht be or-
Raoized far this ptrpose by the tiaverga
uent, for the necessity s real, The top-
niado, owing to itk small encrgy, oxtreme
mobility and delleate halionee between
the external nmd Internnd proxssace, s
nvery vulnerahle object and ean he une
doubtedly destroyed by compuriatively
small charges of suitable explosive, The
whirling mass ecan also he oeaxily dee.
flected in any desired direction by ox-
plading a charge even at a consider-
able distance from {t. The task would
be further facllitated by the relativeiy
smuall translatory velocity of the tor-
nado., especially In view of the present
means for Instant signalling.

I believe, however, that telautomatic
devices offer effective means for coni-
bating tornadocs., Since I exhibited the
firat apparatus of this kind, John [uys
Hammond, Jr., who has nequired o peeent
masiery of the art, made demonstriations
nn a large acale, showing the prac-
tieahility of distant control of complex
machinery, It woildd not b dttlicule to
provide speoeeinl automata for this pur-
poae, carrying cxplosive charges, Hauld
air or other gzar, which could be put into
action, autematically or otherwise, and
which would rreate a sudden pressure
or suction, breaking up the whirl. The
missiles themselves might be made of
material capable of spontaneous {gni-
tion. Muny experty arc now availuble for
such service and manufacturers can bhe

found competent to carry out uny plans.

|

EVERYDAY SCIENCE AND MECHANICS for DECEMBER, 1933

A Government department might be

" organized, headed by such 2 man as

John Hayvs lhanmond, Jr., amd o sve-
temiitic study of the problem made. The

carrying out of{ the scheme would glve
nesw opportunities for manufacture and
employment, besides securing other ade-
vanuiges. Thoere is no doubt that, |f
sttich an undertaking were inauuarited
dand many minds set to work, ¢ffective
methods and means would be cventunlty
developed and great loss wl life and
damage to property preventod,

NOTE A: Tukine the heating salue of the
cuampound as B 1T UL, B o venstant pressure
of twelve thoveund simo=pheres  shoubl e at-
tattiend ; the thaoretwegl tempernlure of the come
Lustivn products e gbhout St . The high-
st posible speed would e penched if the siwes
were o escapw il the atmusphere throuveh o
poerfoect Jdivergent nozzle. In this case, the wnitial
absolitte temperature would be T = Sd6ue P
hence the sbaojute temperature of the fully-exe

TR
Panded smes To oo 0w = 81T FL Acenrd-
ingly, movuming the spoevifiv hent  at  constant
volume v 33, the avarludde cncergy s
w TRTT O w0 M BT, amd the
muximum theoretienl velieity Voo

L

V6.4 X 778 N7 2600 2= 11400 feet per sccond.

NOTE 1: Let the stalk Le one fout long, onee
eighth of en inch in diameter and of a specific

gravity of 0.4 as compared with that of water.

. . 1 .
The section iy’ then alwut L4 of a square inch or

! |
T TR VL) of a square fout and, cofive-
]

quently, the volume Toan of one cubic fout. Since

ong cubic foot of wiuter weighs 62.45 munds,
the weight of an equal volume of straw will ba

04 M G245 = 25 pounds, hence the weight

of the picce of strnw*”'_'r-' pounds and its mas3

-1
814

M =—= ———. Then the Kinctic energy i3

1 .

-+ M V2 = il x 1l {il pouinds

and will be exhausted in overcaminig a resisting
force r which the stalk encounters while piere.
ingg the wood. If the distance of peactration i
1/2 ineh or 1724 of a fuot, then the vguation

will hold true
FELLE N |
hbx 115 - r X 21
from which followsy
A B SRLAATITT IS gt

F = "1y = 1531 pounda

Thix is the mean value of the furce or pressura
produced, its muximum buinge
2 NS = el pounds
1
As this pressure is exerted on an arca of ‘i
ol a squnre ineh, the foree per saure inch will g
¥ RTHI SL PR N T A L peuiuls
NOVEE 0 The solduwe o omis 11 (e
d 1 d TRATTE IS N BT YT IR ST TT R 11
SRR - L L] B S (411 0 TRATTY 3. T BT TTT I B LT
Fati N 300 == AT ecnbie fovt, the wiright

nhot HOXITHOMM )

T T :
M =~- - o HINEO0 peonds, BE bl of 9L

would rotate at the top spocd Vo= 205 het pwer

e AT0eMME ] the miiss

1
pil"l'lll'ld, the kinette vy waolrlad I . M V-

TA2200 X SRUON = QOUSSOOMNKE ot 1soond ndn,
. TIMA R UL T -
cqidvalent to .oy - = [FTugoas BT

NUOTE 1): When a8 mnas of air ix nlatedd in &
enmang with inlet amit outlot openinges, hy n wys-
tem of dises or other means, the wripheral
velocity being Vo fect per swecund., & prossure

] Ve \ER XN
difference of appruximately  w = - .. — =

V=
Eﬁ: pounds per squure (oot is produced between

the suction and diuhn:_n orifices, If V = 23§

a
- AT

fee't por second, then e So0 = 69 pounds

e
Per sgunee font, or g - 04N i tids Jwer sQuUADe

3¢h; corresponding (o 8 vacuum of a litthe less
than vne inch,

New Devices
(Continuectd from page 8S77)

The Ilast {tem s another houschold
uwtillty which takes into connideration the
fact that all have nol oleeteie power, It
s o standard washoer type, equipped by
its maker with a small four-¢viinder
gas engine, which Isx started by o foot.
pedal. A friction=drive putnp will cnipty
the tub In Tess than two minutea, It
holds ten mallons of water, and washes
#iX pounds of clothes at one time,




