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Confusion exists in the minds of many persons as to the meaning
of the meteorological terms “cyclone,” “hurricane,” and “tornado.”
It seems worth while, therefore, to describe some of the characteristics
of each in any discussion that involves one or more of these terms.
It is especially important that the differences between the terms

“cyclone” and “tornado” be pointed out, for these are considered
synonymous in the minds of many.

One characteristic is common to all three types of storm, namely,
that the winds flow spirally inward around a center of low barometric
pressure, turning counterclockwise in the northern hemisphere and
clockwise in the southern.

In the tropical oceans such a low pressure area often develops into
a violent whirl of large extent, the diameter of which usually ranges
from 300 to 600 miles The isobars are nearly circular and the wind
velocity reaches 100 and sometimes approaches 200 miles per hour.
At the center of the area is a reglon of comparative calm, often called
the eye of the storm. This briefly is the hurricane, or tropical cyclone.
This is the kind of storm that caused the loss of 6,000 lives in Galves-
ton in 1900 and that wrecked Miami in 1926.

In middle latitudes we have the extra-tropical cyclone, the largest
of all distinctive storms. This is the ordinary low pressure area shown
on our weather maps. It appears “in great number and in almost
infinite variety as regards position and form. The ceaseless changes
in our weather are due almost entirely to the approach and passage
of these areas of low pressure.” Such a formation may vary from
a few hundred to several thousand miles in diameter, the average

1Read before the Tennessee Academy of Science at the Reelfoot Lake Meeting,
April 28, 1933.
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diameter being about 1,500 miles, and the winds may be gentle, mod-
erate, brisk, or high, depending generally upon the pressure gradient.

The tornado is the smallest and yet the most violent of all storms.
Although occurring occasionally in other countries, it is found prin-
cipally in the United States, for here the atmospheric and physiographic
conditions that are necessary for its development exist. Due to the
trend of our western mountains and to the broad level plains to the
east, ‘extensive areas of cold air sweep down with high velocity into
our central valleys, there to meet equally large areas of moisture-laden
winds from the warm Gulf region. In the conflict which ensues there
often results a sharp temperature difference within a very limited
space.

According to Humphreys, the tornado “develops only in connection
with a-thunderstorm, usually just in front of the rain, and especially
in connection with those particular storms that form along a valley
‘low,” or between V-shaped isobars where opposing winds of widely
different temperatures give rise to that exceptionally strong vertical
convection essential to the genesis and growth of the thunderstorm.”

Along the sharp wind-shift line that is usually found in such a
pressure formation a layer of strong northwest wind of low tem-
perature projects itself into the region of warm southerly air currents.
At the cloud level this cold layer advances many miles ahead of
similar winds at the surface, the opposing currents intermingle, and
an unstable condition results. Quoting further from Humphreys,
“Under such conditions, the inflow occurring at various levels that
feeds the strong up-draft always just in front of a thunderstorm
must occasionally so deflect these counter currents, by drawing both
into the same rising column, as necessarily to produce a violent whirl.
Here, too, as in all other cases of atmospheric motion, the law of the
conservation of areas, * * * applies, except as modified by friction
and viscosity. Hence, as the radii of curvature of the opposing
currents may at first be comparatively large, and after the deflection
relatively small, it follows that the wind velocity within the whirl,
in which both the counter currents are taking part, may be very great.
This rotation, however, does not check the up-current, hence that
convection which is essential to the rotation is maintained, and there-
fore the rising currents brought in spirally with increasing angular
and linear velocity as the axis of spin is approached. * * * Around
the axis of rotation the pressure obviously is reduced in proportion
to the centrifugal force, the temperature correspondingly lowered,
and therefore a cloud spout often formed.”

This spout, with the turbulent mass of cloud from which it hangs,
assumes the shape of a funnel, which sometimes reaches to earth and
more often, probably, does not. In the latter case but little effect at
the surface is produced, but wherever the funnel touches the earth,
great destrl{ctlon occurs. It is often observed that the funnel cloud
apparently lifts and later comes to earth further along the path. What
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probably happens is that the lower end of the vortex is worn out
through friction at the surface, then after a period of unrestricted
development in the free air the lower end again assumes its initial
violence and takes up its work of devastation. The diameter of the
funnel at the surface varies from a hundred yards to a half mile or
more, the average heing approximately one-fifth mile. Its rate of
travel averages about 25 miles per hour and the vortex usually passes
a given point within a half minute or less. It is estimated that the
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Fig. 1. Weather Conditions at the Time of the Nashville Tornado, March 14,
1933. A. Temperature relations. B. Barometric pressure. €. Wind direction.
The dots are made one each minute and represent the wind direction at the
end of that minute. If the wind is southwest, two dots are made, one under
south and one under west. This is similarly done for all intermediate directions.
D. Rainfall. The zigzag lines show rainfall, each horizontal dash equaling .01
inch of rain. E. Wind velocity. The offsets downward show wind velocity.
The interval between offsets equals one mile of wind. Every tenth mile, the
offsets downward are connected.
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The tornado is the smallest and yet the most violent of all storms.
Although occurring occasionally in other countries, it is found prin-
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often results a sharp temperature difference within a very limited
space.

According to Humphreys, the tornado “develops only in connection
with a‘thunderstorm, usually just in front of the rain, and especially
in connection with those particular storms that form along a valley
‘low,” or between V-shaped isobars where opposing winds of widely
different temperatures give rise to that exceptionally strong vertical
convection essential to the genesis and growth of the thunderstorm.”

Along the sharp wind-shift line that is usually found in such a
pressure formation a layer of strong northwest wind of low tem-
perature projects itself into the region of warm southerly air currents.
At the cloud level this cold layer advances many miles ahead of
similar winds at the surface, the opposing currents intermingle, and
an unstable condition results. Quoting further from Humphreys,
“Under such conditions, the inflow occurring at various levels that
feeds the strong up-draft always just in front of a thunderstorm
must occasionally so deflect these counter currents, by drawing both
into the same rising column, as necessarily to produce a violent whirl.
Here, too, as in all other cases of atmospheric motion, the law of the
conservation of areas, * * * applies, except as modified by friction
and viscosity. Hence, as the radii of curvature of the opposing
currents may at first be comparatively large, and after the deflection
relatively small, it follows that the wind velocity within the whirl,
in which both the counter currents are taking part, may be very great.
This rotation, however, does not check the up-current, hence that
convection which is essential to the rotation is maintained, and there-
fore the rising currents brought in spirally with increasing angular
and linear velocity as the axis of spin is approached. * * * Around
the axis of rotation the pressure obviously is reduced in proportion

to the centrifugal force, the' temperature correspondingly lowered,
and therefore a cloud spout often formed.”
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appens is that the lower end of the vortex is worn out
{)}:?(E)Sgly f}rlicfg)on at the surface, then after a period of um.'estylc.t.e(i
development in the free air the lower end again assumes its nfutl;;
violence and takes up its work of devastation. The diameter of the
funnel at the surface varies from a hundred yards to a half mile or
more, the average being approximately one-fifth mile. Its rate of
travel averages about 25 miles per hour and the vortex usually passes
a given point within a half minute or less. It is estimated that the
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Fig. 1. Weather Conditions at the Time of the Nashville Tornado, March 14,
1933. A. Temperature relations. B. Barometric pressure. €. Wind direction.
The dots are made one each minute and represent the wind direction at the
end of that minute. If the wind is southwest, two dots are made, one under
south and one under west. This is similarly done for all intermediate directions.
D. Ramfal_l. The zigzag lines show rainfall, each horizontal dash equaling .01
inch of rain, E, Wind velocity. The offsets downward show wind velocity.

The interval between offsets equals one mile of wind. Every tenth mile, the
offsets downward are connected.
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. g «thi s from 100 to 300 miles
elocity of winds within the tornado ranges
e hour, the switest winds known.

. tornado has never been measured, but it is

Pressure Wu% as campared with that of the adjacent alr,
:me es&fnra?iné even as much as one-hali.  This casily accounts for
the dly explosive effect the vartex has on buildings within its
m justance, a wall 13x20 feet is, under normal conditions,
suhw jocted to atmospheric pressure of about 600,000 pounds, If sud-
denly this is reduced to, say, 400,000 pounds on the outside but re-
i, e of 600,000 on the inside, an excess pressure
M‘P“f ¢ 100 tons is pushing this wall outward. It is not surprising,

then, that walls collapse and roais ave lifted and blown away.

The tornada attains its greatest violence over the more nearly level
ions of the United States, but it accasionally invades the valleys
and basins of the hill country. It is true, of course, that one is less
apt to cecur here than aver a wide expanse where surface frictionisata
minimam, -\ feeling of comparative security from the tornada lurke:]
i the mind of the average person in Nashville, due to the fact that
a vow of rvather high hills lies a few miles to the south of the city
and of samewhat lower hills to the west. This sense of immunity was
vudiely disturbed on March 14, 1933, when a genuine tornado of more
wian average violence tore through the heart of Fast Nashville.

The duy had been warm, the maximum temperature reaching 80
degrees ag I P. M. A thunderstorm was approaching from the
soutlowest ay 645 P. M. Aw extensive avea of low pressure, with
fwio centers, oceupied the Fastern States at 7 \. M. of the [4th. This
was @ Taivly good type of V-shaped depression, with a decided south-
west-novileast tendl  One center was over the Great [Lakes and the
oty over western Avkansas and southern Missouri, the lowest sea-
Heved w the ltter avea being 29.56 inches at Fort Smith,
Avltamsas, ¢ 4 P, M. the southevw povtion of the depression was
Honyg andl muwvow, extending from Memphis, Tennessee, to Columbus,
Oliirs, hesing weeligee i between high pressure aveas i the Southeast
and iw dhe Northwest. 0 the P, V. observation (6:45 o'clock) the
Wuaum from Nasiville, Tennessee, to Parkershurg, West
Viswiniia, bty poings Wﬁg the same pressuve, 2062 inches.
Wihene: prilably was shightly lower pressave at the [Lexington, Ken-
w, staion, whieve i ws incicaterd on the Washington weather map
mﬁ' cewter was located a8 645 P, 3. The torndio stmaelk Xasfie
o mu;? :;fd:;t e ahone M.ﬁamvf’er vmlh:lfs wiste mll;

: Daaid sonaiwest qudrant of the Essiom,
amd soomewhiog ahiend of the wimid-shify lI":fnf @t e mwim:umr

mma«wkﬂwum m»l;ﬁ ol e aftemmnm. fe-
. * v 1”. M. it ad 650 1. M. (Fig
1€y lese it somuimed sl 70 ﬂ’f.«;l;... w?m ﬂ?:: m
mMm Bronagh e wnanstl 83t v 200 ecasterly dimentitom (im i

stheint).  For ot ten mimntes the wind e forom fi
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southeast. Suddenly at 7:28 P. M., the wind veered {rom southeast 10
southwest, remaining so for one mimite, and at 7:30 P. M. it was
blowing from the west, The wind velocity increased from 15 miles
per hour at 7:20 P. M. to 65 miles per hour at 7 28 P°. 3. This was
the extreme velocity at the station, on the Stahlman Building. During
the minute of blow from the southwest the tornado was passing just
north of the sation, the right side of the path of destruction being
only about 400 feet away. After the passing of the tornado the wind
direction was west for fifteen minutes, northwest for twenty minutes.
west-southwest for fifteen minutes, and finally northwest for the
remainder of the night,

Large hail stones preceded the arrival of the trmado by several
minu:ci and heavy rainfall began with the shift of wind 1o the west
(Fig. . D). temperature dropped from 75 degrees at 7:30
P, gl.toﬁl degrees at 8 P, M., due to cooling caused by the thunder-
storm (Fig. 1. A4). The ure then remmined nearly sta-
tionary for about one hour. From 9 P, M. to 10 P. M. there was a

eastward of the high-pressure cold-weather area, following the per-
manent shift of the wind to the northwest. In other words, the
thunderstorm and the tornado were running ahead of the cold morth-
west blast at the surface about one hour, The tornado was mot
coincident with but preceded the real wind-shift lime by about
hour,

As the thunderstorm neared the station the barograph trace
falling with fair speed (Fig. 1. B). Ahout 7:30 P. M. it dropped
denly 0.12 inch and immediately recovered 0.15 inch. This was during
the passing of the tornado and was the direct resuft of it. A
amination of the barograph trace makes one that
was lifted entirely off the sheet and therefore not record
complete pressure fall. [t may be also that the fact that the office
was tightly closed had the effect of preventing as much fall
within the room as without, during the brief nwments that the storm
was near at hand. At any rate, the comparatively snmafl change
pressure occurring just outside the tormado path indicates the Gmited
influence of the tornado proper. [ the barograph had been near dee
center of the vortex. it would doubtiess have shown 3 sadden pressure
fall of several inches instead of a tenth or s».  \fver the passing of the
tornado there was fluctaation in the -—the asnul thundersmonm:
effect—for abiout forty minutes—dhen: followed. the steady mervase .
pressure die to the approaching FIIGER,

The: follswing deseviption of die stoem clbad! was given iy 2 eve-
withiess: whis wes stietivned! on: Galliiin Rost] aRsot tireesfonrtiy mile
mserth off dhe tormuadl’s padh: *The tormudh ol wease fira olissewed!
whille wetehing e measd! Raill witidh fdl! prine o diee stoem:. Thie
clond! apprnatiing faeme @ westerlly direetiom appecarest! lille 2 bugee
nnanttetl avme mowimg epidlhy sones o Bghitodbred! Huoligresmd! o
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24N Jowrnal of the Tennessee ,-/('adpmy of Scie
Hee

erty loss of about $RO0,000), [“rom the standpoing of logg

that cll:n‘:n‘l('l.'i/.'llinn still holds !-:""Nl‘, hut if losg of life ot lfe Ao,

hoth are considered, the (].'I.f(' of the 1ast Nashyille torna| d Dropeyy.

1933, takes leading vank, for on that date a serjeg of tOrnﬂ' Mal‘ch 14Y

the state killed 43 persons and cansed property losses of g docy ithin'
r

K3,000,000.  Isleven ol the deaths and two-thirds of Pp OXimately
damage occurred in Nashville,
6 may he of interest to know that one's chanceg of heine :
path of a tornado are extremely snm]].. Approximate]y Lé’;g in the
clapsed hefore the writer had that experience, and COmParatit Yearg
persons ever experience one. - When it is remembered thyy theVely fow
width of the path is only a few hundred yards, jtg length averag,
more than 25 miles, and its occurrence in Tennessee not mo:eldom
twice a year on the average, one need not he apprehensiye ase tha'n
safety until he actually sees one approaching, to his
T'he forecasting of such storms is forbidden by the Weather Bure
and very properly so. No one can tell exactly when nor wherau,
tornado will strike. The disturbed state of mind that woylq regu]a{
from an attempted prediction would, in the aggregate, be far more
serious than the losses actually incurred by the few who are affecteq

NOTES HERE AND THERE

Dr. A. Richard Bliss, Jr., has presented his resignation, effective
August 15, 1933, as Chief of the Division of Pha'rmacology in the
University of Tennessee, to accept the position of Director of the
Research Laboratories of the William A, Webster Company of Mem-
phis. This position will allow Dr. Bliss to devote his whole time to
research. He will continue also as Director of the Reelfoot Lake
Biological Station at Walnut Log, Reelfoot Lake. |

The spring number of the Alumni News of the University of Vit-
ginia paid a splendid tribute to the late Dr. Samuel Marx Barton, a
charter member of the Tennessee Academy of Science and at various
times its treasurer, vice-president, and president, in an article, Vir-
ginia’s First Doctorate, by Dr. Joseph Kent Roberts, Professor of
Geology at the University.

The Emergency Conservation Committee, 734 Lexington Avente,
New York, offers a prize of $5 for the best slogan against the use 0
live decoys in luring wild fowl. ~ Slogans and the name and adglreis
of the sender should be sent as soon as possible to the above com.mlttesé

The letters and correspondence of Dr. Augustin Gattinger Wit ish
Gray, John Coulter, Trelease, Engelmann, Bailey, Chapman, Tiach',
and others have been presented to George Peabody College fqr luding
ers, together with about 500 volumes of books and pamphlets, 1n¢ juable
many rare botanical books in English and German. _T.h%savzaugh-
collection has been presented by Dr. Gattinger’s two Sur"lv.lr}bto their
t,ers, Misses Augusta and Pennie Gattinger, as a memori
ather.
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