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The Tornadoes at Dallas, Tex., April 2, 1957

INTRODUCTION

WaLTer H. HoECKER, JR.

U.S. Weather Bureau, Washington, D.C.

The study of the tornadoes of April 2, 1957,
at Dallas, Tex., presented here is an assembly of
independent efforts on some of the important as-
pects of these tornadoes and the associated
weather situation. It is not intended as an ex-
haustive study. Initially, R. G. Beebe of the
Kansas City Severe Local Storms Forecast Unit
and W. H. Hoecker of the Severe Local Storms
Research Unit, Washington, D.C., prepared sepa-
rate studies using portions of the large number
of photographs taken of these tornadoes. When
it was learned of other studies that were being
prepared by personnel of the Severe Local Storms
Forecast Unit at Kansas City, and by contract
tornado investigators of the Texas A. & M. Re-
search Foundation, Dr. H. Wexler, Director of
Meteoro]ogica] Research, U.S. Weather Bureau,
suggested that all these efforts be assembled into
a single research paper. The papers are p}lb-
lished in full as submitted, with the exception
that the contributions of S. G. Bigler and E. P.
Segner of the Texas A. & M. Research Founda-
tion (contract investigators for the Weather Bu-
reau) are condensations of their original con-
tract reports. This was necessitated by the length
of their contributions.

The series of photographs of the Dallas torna-
does presented in the first report of this paper by
Beebe results from his interest in collecting all
possible tornado photographs for the purpose of
obtaining clues to the mechanics and origin of
tornadoes. )

The second report, based on a photogrammetric
analysis of tornado photographs, applies tech-
niques of photogrammetry used many years ago
but revived by Hoecker in an earlier tornado
study, for which a large number of tornado pho-

tographs also had been collected. Considerable
information about the size and structure of tor-
nadoes can be obtained from such studies of tor-
nado sequence pictures.

The third report of the series, by J. T. Lee of
the Weather Bureau Severe Local Storms Fore-
casting Center and the research staff of the Kan-
sas City District Meteorological Office, stems from
Mr. Lee’s long interest in forecasting tornadoes
and severe local storms and in the mechanisms
causing them,

D. T. Williams, of the research staff of the
Kansas City District Meteorological Office, who
contributed the fourth report, has also had a
longtime interest in severe local storms. His par-
tieular interest has been in the effect of inversions
and subsidence layers in delaying the release of
potential convective energy in the severe storms
aren of the United States.

The fifth report, submitted by S. G. Bigler,
then of the research staff of the Texas A. & M.
Research Foundation and now with the Weather
Bureau, is the result of his particular interest in
the radar aspects of severe local storms and in
collecting data from all manifestations of the
tornado, such as eyewitness accounts, damage ef-
fects, and photographs, to mention a few items.

The last report, by E. P. Segner, Jr., a regis-
tered professional engineer, involving computa-
tions of wind speeds needed to cause certain struc-
tures to yield, is a realistic approach to the tor-
nado wind speed problem. The main drawback
of the method is that it yields minimum wind
speeds required to cause the observed effects—not
the total speed that occurred or that might have
occurred.

The matter of public response to tornado warn-
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ings was discussed by Bigler in the fifth report of
this series and also by M. C. Harrison, Meteorol-
ogist in Charge, U.S. Weather Burean Office at
Dallas, in a communication * with the Director of
Meteorological Research, Bigler found that citi-
zens of Dallas thought tornado forecasts were of
value, but found that they knew little or nothing
of personal safety rules regarding an encounter
with a tornado. Harrison, on the other hand,
thought that public broadcasting of personal
safety rules had helped some people to take the
best possible cover when they realized that a tor-
nado was endangering them.

1 Mr. Harrison’s views are contained in a memorandum to the
Director of Meteorological Research, dated Oct. 7, 1958,

Here then under one cover is the most thor-
oughly studiefi tornado situation known at this
date. In addition, it is different from most tor-
nac.io studies in that instead of offering mere quali-
tz.mve descriptions involving freak damage, con-
siderable quantitative results are presented , The
tornado funnels, for example, have been 'scaled
from start to finish and the dimensions of the
parent cloud have been determined ; the engineer-
ing report contains computations on the actual
wind speeds needed to cause the observed effects;
and in the study of the subsidence layer quantita-
tive stability figures are used. It ig hoped that
the reader will obtain a better understanding of
tornadoes in general as a result of considering the
material presented in this tornado research paper-



THE LIFE CYCLE OF THE DALLAS TORNADO

RoBerT G. BEEBE*

U.S. Weather Bureau, Kansas City, Mo.
[Manuscript received September 19, 1958; revised October 27, 1959]

ABSTRACT

. A series of photographs of the funnel of the Dallas 1957 tornado is described and keyed
into a second series showing the damage done by the tornado.

The Dallas tornado of April 2, 1957, afforded
tornado researchers the first opportunity to study
the complete life cycle of a tornado from photos
of the funnel and destruction on the ground. Al-
though thousands of tornado photos have been
taken since the development of cameras over 100
years ago, most of these are single shots or a
rapid sequence of photos from the same location.
Until the Dallas tornado there was not a single
case in which the complete life cycle of a tornado
vortex was recorded photographically, although
the Scottsbluff tornadoes of June 27, 1955, [1]
did provide the first clues regarding the life cycle.
The purpose of this report is to illustrate and de-
scribe the first photographic record of the com-
plete life cycle of a tornado.

The Dallas tornado occurred around 4:30 p.m.,
cst, and lighting conditions for photography were
good. The tornado was within sight of many
thousands of persons so that many photos were
taken. The Weather Bureau’s records include
over 450 black-and-white photos, 250 color trans-
parencies, and nearly 2,000 feet of movie film.
These photos were taken by some 125 photog-
raphers from even more locations at varying dis-
tances and from different sides of the tornado.
From these many photos, representative shots il-
lustrative of the tornado’s life cycle were selected,
and are shown here.

In addition to these complete and detailed pho-
tographic records, this tornado occurred in an
area where radar data, upper air observations,
surface observations (the tornado - dissipated
about a mile from the Weather Bureau station
at Love Field), and many eyewitness accounts

*Present affilfation : Midwest Weather Service, Kansas City, Mo.

were available. Thus, this tornado was observed
in more detail than any other in history.

The day after the Dallas tornado, Mr. Stuart
G. Bigler, Project Supervisor of the Texas A. &
M. Tornado Damage Survey Team, working un-
der U.S. Weather Bureau Contract Cwb-9116
[2], went to Dallas to conduct the damage survey.
From a chartered airplane, Mr. Bigler obtained
aerial photos of the entire length of the tornado
damage path. Representative photos from this
series are shown in connection with individual
funnel photos.

A map of Dallas showing the tornado path; the
location of the photographers as they snapped
the photos illustrated here, and the tornado loca-
tion along the path at the time of the respective
photo is shown in figure A. The tornado location
was determined by setting up a theodolite at the
photographer’s location for each photo. The azi-
muth of the theodolite was set on the basis of
street bearings from detailed Dallas maps. The
large numbers in figure A refer to the tornado
photos to follow and each photographer’s name is
placed near a circle showing the location from
which he took the photos. The dashed lines show
the path along which the camera was pointed.
Known times, indicated along the track in csr,
were obtained from records of the Dallas Power
& Light Co., containing the times of severance of
powerlines.

The first photograph, figure B, was taken at
1530 cst from the campus of Southern Methodist
University, which is about 2 miles north of Poyn-
ter’s location, about an hour before the Dallas
tornado_developed. The camera was pointed to

3
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the north and the photographer, Mr. Clint Grant,  prominent dark clond was going southwest; the
of the Dallus Morning News, stated that: “A cumulus in the back was boiling.”™  Although it is
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doubtful that the cloud could have moved south-
westward against the general southerly flow, this
photo does show that convective clouds were at
least in the vicinity, whereas some witnesses de-
seribed the clouds as definitely of the stratus type.

Photo No. 1 was taken at about the time the
tornado was forming. Several witnesses de-
seribed the bulge and intermittent funnel-shaped
cloud wisps as very turbulent and with an omi-
nous appearance. Mr. Ed Lace, the photographer,
explained that, although he had never seen a tor-
nado and had no knowledge that this formation
would develop into one, he took this and some
subsequent photos because of the interesting cloud
formations. The height of the cloud base above
the ground (ceiling) was estimated at 600 to 800
feet near Redbird Airport.

Photo No. 2 was taken about 5 minutes after
No. 1. Note that the funnel-shaped wisp had
completely disappeared at this time. A dust
whirlwind on the ground was occasionally visible
to observers in the area, but is not visible in the
photo.

Photo No. 3 illustrates the incipient tornado
(see arrow) some 5 minutes later and after slight
damage occurred on the ground. Even so, the
tornado is hardly in evidence at the cloud base
here; none of the cloud protuberances would be
identified as a tornado by most observers at this
stage. Note that the cloud base is a little lower
(see the arrow) in the vicinity of the forming

PHOTO CREDITS

E. H. LACE, 3103 Bisenhower, Dallas 34, Tex.

CARL A. POYNTER, 4024 Swiss Avenue, Dallas 4, Tex.

Mgs. CHABLES H. MONTGOMERY, 3115 Wilton Avenue,
Dallag 11, Tex.

STEPHEN TAYLOR STUDIO, 609 South Hampton Road,
Dallas, Tex.

Rupp Stuplo, 2121 West Colorado, Dallas, Tex.

RoserT B. DAY, 2533 Engle, Dallas 33, Tex.

CuarLEs B. RayMoND, 6026 Wpyche Boulevard,
Dallas, Tex.

MavurIce LEvy, NBC News, Dallas, Tex.

Epwarp G. Woobns, 508 Eugene Street, Longview,
Tex.

B Burkerr, Commercial Photographers, Ine.,
1104 Main, Dallas, Tex.

J. D. LANCASTER, Joy Manufacturing Co., 6540 Hines
Boulevard, Dallas 35, Tex.

All damage photos by Tornado Damage Survey

Project, Texas A. & M. College, College Station,
Tex.

tornado than at either side. Photo No. 3a illus-
trates the damage at 1631 which was 1 mile up-
stream along the tornado track, or about 2 min-
utes before the photo shown in No. 8. Some scat-
tering of lumber from the house under construc-
tion may be observed at the left-hand side of the
damage photo No. 3a. In the center of the photo
another house under construction suffered more
damage. At the time of the tornado the wall
studs were in place and were all knocked down
At the completed home (with three cars in the
d1:1vewny) between these two points a picture
window was blown out and the north wall was
also shifted outward.

Photo 4 shows some funnel development (at the
a.rro“:) which occurred during the very short
time 1nterval between photos 3 and 4. Photo 5,
taker.l at a distance of less than three-quarters of
a mile, shows further funnel development (see
ar'row).‘ At the time of these two photos, only
minor, intermittent damage was occurring at the
ground. ' °

Photo 6 shows additional funnel (ilevelopment
(at the arrow) a little later, and here the dust
whirl on the ground may be noted. At this times
the tornado was near the intersection of Saner
and Garapan Streets, and the dust seen in phot?
6 may be from the street,

Photo 7 shows increased funnel development
(See.arr_m.v) and lowering, plus large pieces ©
debris rising into the air. This possibly is the
rooftop that is missing from one of the twO
houses shown in the upper center of aerial dam-
age photo No. Ta (see arrow). During this form-
ative stage, the strength of the tornado was grad-
ually increasing as evidenced by the extent of the
?m‘nage_ The condensation funnel appeared t0
orm and lower gradually. The path width at
the ground remained very narrow, not exceeding
10 yards, and the damage was spotty.

" P 1“;"30 8, taken only seconds later, shows addi-

onal development, and lowering of the conder
sation funne_l and more dust around the base 0
the dust whirl. Note that a kink in the conden-
sation funnel is forming about midway between
the cloud .base and the ground. Photo 8a shows
Spotty, minor damage, mostly to roofs. From
this point northward along the track, the extent
of damage became more intense, and the path
width increased slightly. Also, the destructio?
slowly became continuous. ’

Photo 9 was taken from a point northeast of



:il;ttornado at the same time photo 10 was taken
and ‘(lllorithwest of the tornado. From this time
uring the next 2 minutes, the intensity of
Oe tornado increased markedly. Damage photo
% shows mostly roof damage, but 10b illustrates
° ﬁ.rst, example wherein the tornado moved a
t}‘:(:ldl}r:g (note the white house near the center of
tion)p oto that has been shifted off its founda-
Satl’)hom 11 is the first photo showing the conden-
.lon. funnel extending to near the surface. At
Oulss time the destruction became nearly continu-
a S0 that all buildings in the path were dam-
*Tved 8 may be observed in damage photos Nos.
Sh:rszi 11b. This condition lasted only a very
time, extending along a two-block path.
tioll)l ;)tos 12, 13, and 14 show that the conden‘sa—
this t_unnel does not reach the ground. Duylng
s me the spread of the damage was a little
13, extensive as illustrated in damage photos 12a,
» 13b, and 14a.
hoto 15 shows considerable dust near the
qground but no debris in the air. The vortex is
“OMewhat ragged and the condensation funnel
Si(()ies. hot extend to the ground. Although con-
a5 erable damage occurred, most of it was to roofs
18 May be noted in damage photo 15a. Photos
t nd 17, taken at the same time, show the same
g:‘ikof formation a half-mile farther along Fhe
of :l ' Damage photo 16a shows a continuation
'€ Toof and minor structural house damage.
hoto 18 was taken shortly after the pornado
®Veloped a marked increase in strength. It may
re Noted that the condensation funnel does not
Each. the ground. Damage photos Nos. 18a and
st ll'lustrate the marked increase in both d.e-
TUction and path width. Damage photo 18c il-
1‘:38“'”68 the destruction between funnel photos
and 19,
C()XI\)hOtO 19 is the first closeup photo showing the
pat] ensation funnel on the ground. 'Here the
l]i]:r“'ﬂs marked by complete destruction to all
. 4Ings and was also much wider, as illustrated
J.ur(iiamage photos 19a and 191).. Most of'the i.n-
are &S and loss of life occurred in the residential
A shown here.
im hotos 20 and 21 were taken at nearly the same
g, ® and near the time the tornado was at 1ts
OV:]mum intensity. Fortunately, this 9ccurred
" open country along the Trinity River; no
Mage photos were taken here. Note that the
Photo taken with the camera pointed to the north-

west (No. 20) shows no appreciable curvature of
the funnel, while the photo taken looking to the
south (No. 21) shows a marked curvature. Thus,
the base of the funnel was curved toward the
southeast.

Photo 22 is an enlargement from a 16-mm. film
and shows buildings being lifted into the air and
exploding. These buildings were of light frame
construction, and were set on piers with about
8-foot centers. Damage photos 22a and 22b illus-
trate the extent of the damage here. Note that
some of the boxcars (some having a gross weight
in excess of 50 tons) were overturned.

Photo 23 shows the tornado during the final
stage and after it had passed the period of maxi-
mum intensity, Note that the condensation fun-
nel is narrow even though the photo was taken
from a distance of only 1,100 feet. Also, breaks
are developing in the condensation funnel. Dam-
age photo 23a illustrates the extent of damage.
Much of the path in this area was over unim-
proved ground.

Photo 24 shows further dissipation of the tor-
nado as it crossed Harry Hines Boulevard. Al-
though damage photo 24a shows considerable de-
struction just before the tornado crossed Harry
Hines, a Dallas policeman drove his car through
the tornado here without sustaining any damage.
Photos 24b and 24c show continued, though de-
creasing, damage as the tornado gradually dis-
sipated.

A number of photos were taken in rapid succes-
sion showing the final stages of this tornado. The
top of the vortex (at the cloud base) was three-
quarters of a mile northeast of the tip of the vor-
tex on the ground at the time the lower part dis-
sipated. During this final stage the vortex was
very small in diameter and knots, bends, breaks,
etc., developed and moved rapidly along the vor-
tex. The ceiling at Love Field at this time was
2,500 feet. (See Hoecker’s sketches 49-51, pp. 82
and 85.)

Photo 25 shows the dissipating stage of the
tornado just described, and, about 2.5 miles to
the east (to the right in the photo), the formative
stage of another tornado. This second tornado,
appearing larger since it is closer, caused some
minor damage over the north part of Dallas but
did not reach its full force until it was over open
country well north of Dallas. It was this tornado
that Julius Hudson, Dallas pilot, flew near and
described in considerable detail.



SUMMARY

From the time of the first photograph of the
Dallas tornado until it began to cause damage
at the ground the shape of this tornado was such
that it would not be identified as a tornado by
most persons.  The incipient tornado moved at
least 5 miles (about 11 minutes) before a vortex
hecame visible.  Although some damage oceurred
during this time, it was spotty and minor. The
extent of the damage then increased gradually;
the “skips™ became less frequent, the path width
imcreased very slichtly, and the condensation fun-

8

nel slowly lowered to the ground. The distance
covered by the tornado from the maturing stag®
to the point where the tornado reached its max1l-
mum intensity was 5 miles; this it covered during
an L-minute period.  (There was a short period
when the condensation funnel extended to at
least near the surface and with continuous dam-
age over a distance of one or two blocks.) Shortly
hefore the condensation funnel lowered to the
eround the extent of the damage increased mark-
edly, the path widened to near 200 feet from



oyt ¢ . .

" UE 30 to 50 feet, and the destruction was com-
.} . . .
l?‘e and without “skips.” The tornado main-
aly : . . . . e,
Med this maximum intensity during the next 3

Mileg, -

r
T . _
hen the vortex became smaller in diameter,

{he path width decreased, gaps and knots devel-
oped in the vortex, the clond base became appre-
ciably higher, and, finally, the vortex at the
oround lifted or dissipated. The path length of
this final stage was about 2 miles,
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TH
E DIMENSIONAL AND ROTATIONAL CHARACTERISTICS OF THE
TORNADOES AND THEIR CLOUD SYSTEM

WaLter H. HOECKER, JR.

U.S. Weather Bureau, Washington, D.C.
[Manuscript received November 14, 1958; revised September 21, 1959]

ABSTRACT

Syst esnt;ﬂle'd drawings made from photographs of the Dallas tornadoes and associated cloud
Cilange are used to obtaln measurements of their size and shape and their minute-by-minute
majos 8 during the history of these tornadoes. Information on the wind field near the

r tornado is provided by scaling of the mevement of effluent from a fortunately placed

Smokestack.

Measurements of rotational characteristics and convergence are also pro-

vi .
ded from the smoke-puff-derived tornado-wind vectors.

1. INTRODUCTION

Duri , .
Apri] o8 lee time that the Dallas tornado of
that cit, 57, was moving along the west side of
Dl‘ofeSSiOnai)zen.S of photographers, amateur and
torny g, b‘“lke, were taking pictures of the
Dlctypeg We 1‘1 Sequently, several hundreds of these
tl_On as Ole collected. Sufficient other informa-
Pletypeg 1, tained to allow the scaling of these
alloy, locagi Photogrammetric [1] methods and to
Y use of ﬂng of the tornado for any photograph
of these llﬁ '€ principles of perspective [2]. Out
ade thy ::ydreds of photographs a selection was
cal Seqnene ould allow the synthesis of a histori-
Eraphe h'u? of scaled photographs. These photo-
gs an 1-(ede been converted into outline draw-
e‘lsurelnenltlsc ed to the same scale, and significant
1€ time attached to the drawings.
the torng S of severance of major powerlines by
Tecordeq bo 48 1t moved through the city were

Y the local power company. These

data provided a timetable of the tornado’s pas-
sage and allowed a rather accurate determination
of its translational speed. The additional data
collected have made it possible to assign a definite
time for each photograph used in this analysis
series. Of necessity some interpolation between
time fixes has been required but the results are
quite consistent.

In the following section the significant dimen-
sional and shape changes of the tornado funnel
and its attendant debris cloud will be discussed.
During the scaling process many of the measure-
ments shown in the sketches were checked by
other scaled photographs taken at or very nearly
at the same time by other photographers from
other locations. This was done to minimize er-
rors in the scaling process as well as to determine
the three-dimensional disposition of the tornado

funnel.

2. QUANTITATIVE ANALYSIS OF THE SCALED PHOTOGRAPHS

P
Sure :
I)allas t Lis o map showing the path of the

funpg) C(:)ll?(ildo and to the east the path of the
ado pagp, that accompanied it. Along the tor-
¢ lare. Shqwn some of the main thorough-
the right | e City intersected by the tornado. On
”_le OCnt{ ‘a0 side of the tornado path are shown
I)lct\lres or'xs of the tornado at the times when the
Were taken corresponding to the 51

0
filI‘Qs

scaled sketches of figure 2. Each number corre-
sponds to a sketch. On the left-hand side of the
path are the minute-by-minute locations of the
tornado as determined by the powerline severance
times listed by Bigler [3]. From figure 1 the
time of each sketch of figure 2 was determined to
1"he nearest 0.1 minute. The same has been done
for the funnel cloud sketches (fig. 3). However,
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locations for the various sketches are shown by the cireled dot,
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the numbered sketches of figure 2. The P
8.



Fraypy,

PROJECTION
OF
TORNADO

k,‘ /PATH OF TOP
49

fh,

J
/. HER
o]

% STAT

TORNADO
DAMAGE PATH

A 43
P —42
ATH OF TIP oo
TRINITY, »
RIVER
38
gsING

RECORD GRO

IRVING BLVO,

TRINITY RIVER

CANADA
= -
©
[
Q
3
<
T
SINGLETON

CEMENT |

PLANT o*

STACKS

1— .
this g North seotion.— Dallas tornado damage
directe'ctlon as to the south section. Just before

ion, the top followed the dash-dot path wh

FOREST LANE
1704
87
SCALE OF MILES
L ] ) i
Y 1 2
ROYAL LANE
< +4—58. 55
3 N | PaTH OF 57
3 « : TORNADIC CLOUD
T hy warnur w170 ANE
—51 *
rms-—|7ooA. @ —ss
MiLe—15 —-&_ N E
HORIZONTAL —% 50 ‘S i

NORTHWEST

BACHMAN'S
LAKE

'y
30,32,34 2
39 036,37 (9K 1650

3
<28 )]
& \ PHOTOGRAPHER
%, © ' LOCATIONS

O%e — 854
BUREAU 1g55.] LOVERS LANE
10N

OCKING BIRD

33, 35,39
40,4142

46,51 O/V

38 5 MILES
83 ALONG ARROW

DALLAS
BUSINESS
SECTION

30 TRINITY
ﬂ/v!ﬁ

O 82

17,18,20,
22,23,24
25, 26,27
31

path and path of tornadie cloud. The same conventions apply to
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ile the tip continued along the solid line,
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. no ground intersection path for
?;:;ciatt}t‘::? tgzssketc%l locations were determined
from photographs showing both th.e tOI'I.'ladO and
the funnel cloud. Using cross-bearing views Coln-
taining locatable landmarks the geographical lo-
cation of the funnel cloud was obtained. Also
chown are the 1-mile intervals.along the paths.
Observe that the paths of the tip and the top of
the tornado began to diverge somewhere before
the 12th mile.

The location from which any picture was taken,
corresponding to a given sketch, can be .found by
matching a sketch number (along the right-hand
side of the tornado path) with a number at one
of the photographer locations shown on the map
(fig. 1). )

The direction from photographer to tornado is
indicated by the arrow in the upper right-hand
corner of each sketch of figure 2. The numbers
just below the direction box show the time (csr)
to tenths of a minute. Between each two sketches,
at the lower border, is the time difference between
adjacent sketches.

Table 1 lists the location-mile for each sketch,
the time of the sketch, and the time interval be-
tween sketches.

The tornado moved generally south to north
for nearly 16 miles along the west side of the city.
The tornado covered this distance in a little over
34 minutes for an average speed of about 27 miles
per hour, Details of the damage and eyewitness

accounts relative to the actions of the tornado are
described elsewhere [8, 4].

Sketch 1

The first photograph used in this analysis,
taken at 1625.9 csr, seems to have been taken be-
fore a recognizable funnel formed and no funnel-
like structure was visible in the picture. Only
cloud shreds could be seen projecting downward
from the wedgelike cloud structure that lay just
below the main portion of the cloud. One won-
ders why the picture was taken since no particu-
lar tornada-shaped cloud had yet appeared. Evi-
dently some unusual feature caused attention to
be drawn to this cloud since another photogra-
pher was taking movies of it at nearly the same
time. Fluctuations in density of the cloud pro-
jection along the lower boundary as shown by the
movie suggested upward movement of air into
the lowered portion of the cloud.
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TasLe 1.—Time ond location data f

Central| Time| Time
Sketch| Loca- | stand- | 1apse | differ-
No. | tion- ard |(min-| ence

mile | time [utes)| (min-
utes)

Sketeh|
No

0.10
. 86
1.35
1.45
1. 62
1.66
2,05
2,30
3.45
3.70
3.82
4.00
4.08
..... 4.14
_____ 4.68
..... 4.87
..... 5.36
..... 6.72
9., 8.43
..... 6.69
..... 7.10

1626.9 | 0.0
1827.0
1628.8
1629.0
1629.2
1629. 6
1630.4
1630.9
1638. 4
1634.0
1834.3
1634.8
1634.8
1636.0
1636.2
1636.6
1037.6
1638, 6
1640.0
1640.6
1041, 6

22.._.. 7.50 | 1042.4
28..... 7.90 | 1643.3
A..... 8.07 | 1843.7
28...-. 8.35 | 1644.3

26-.... 8.50 | 1644.7

n 9
The shredded cloud elements were b.em:ee 626
and 1,200 feet from the ground at 'the R 0 the
ost) of sketch 1 (fig. 2) and the dl?“"cfr cture to
left side (east side) of the wedgelike 8 a M\gif‘g
the right-hand side of the downwill & )
cloud elements was about 4,100 feet- Tf1 et. The
cloud base elevation was about 1’4001 ’ west of
camera was pointed just a little to tli)n arro¥
south; this is indicated by the d‘recﬁl(etc po*
in the upper right-hand side of the 8 ile fro®
At this position the tornado was 3-61‘;1 po wad
the photographer and its location on th i
set as mile zero in figure 1. . the clot¥
The wedgelike element from whic eously .lﬂ
shreds depended shows more ﬂd"’m_mf an t\"lcef
another photograph taken from mor® oln nol't‘h
the distance as this one and from & P ot
enst of the tornado. In this latter P



thel‘e
a S
Wboye (LPPAred to be three wedges stacked one

e
fach hi:;lee:the"9 yet merged, where the end of
*eath e tl)ne extended farther southeast. From
West ¢ its owest wedge, and apparently north-
Dado, Thé‘Sesouﬂleustern edge, descended the tor-
hticyly, ]Skaed wedges resembled the stacked

c'ouds sometimes seen over the Owens

alley :
Y in California,

Sketop, g

In
tor Sl;etc], 2, 1.1 minutes later at 1627.0 ost, the
{Imc}}oud had moved 0.5 mile closer to the
W“Warg tj}t;o*md a small funnel had projected
1€ right of ut 450 feet below the cloud base to
the left ofo' 't, or _900 feet below the cloud base to
18 woq lt’l and it was 700 feet. from the ground.
Wag stillie-s 1aped structure indicated in sketch 1
thont o 80‘(;](16“ and the center of the funnel was
he f, feet west of the edge of it.
ley Jnnel was 300 feet. wide at the 1,100-foot
hredded cloud ends extended downward
ght of the funnel and o twisted-appear-
1€ Vigy “{’:&' Was just to the left of the fun'nel.
he Ol‘lmdols still Just a little west of south since
9Zraphey %"“S moving nearly toward the pho-
0 the shn.,. ] he tip was rather diffuse in corftmst
Up, i tI') ¥y defined sides of the funnel hlgl.ler
as pl‘esmlp was (he' region where condensation
Woulq by MAbly taking place so the droplets
tip allow Smaller, and the smaller dinmeter of the
the 1y, °d & shorter optical path length, hence
turg l.‘y Ppearance. The wedge-shaped struc-
oM Which the funnel was descending was
to extend toward the morth (on the
Side of the sketch) rather than to the

.&st ‘Vh. '
Tection '°h Tatter Qirection was its projected di-

Photg,

{0 the ri

Sketop, 4

In g
etely @
Secti on ch 3
tloygy

a(3i n foy

b (equivalent to photo No. 1 in the
Y Beebe) the tornado and accompanying
' moved closer to the photographer

um?elle ]t ornado at mile 1.85 (see fig. 1). Here
'® groung "ad descended to within 350 ft:*,et ?f

Sketl, 9 from 700 feet 1.8 minutes earlier in
hag o The portion below 850 feet in elevation

Showi,m?nsldel'“b]e component. toward the east

tion w;s  severe bend in the vortex. That por-

Panjoq nefn‘]y transparent and it was accom-
Malj g V several cloud tags along its length.

redded cloyq tags or cloud ends extended

downward from the main cloud just to the right
(the west) of the tornado. Note that the break
in profile between the upper right-hand side of
the funnel and the main cloud, located by the
arrow in sketch 3, was the same height as in
sketch 2. In addition, the height of the cloud buse
to the left of the funnel in both sketches 2 and 3
was at nearly the same level, namely about 1,800
feet. The distance across the funnel cloud near
1,800 feet in elevation in sketch 8, where the fun-
nel appeared to “break” with the parent cloud,
was 3,000 feet, virtually three-fifths of a mile.
The wedge-shaped cloud was still visible beneath

the parent cloud.

Shetch 4

Two-tenths of a minute later, sketch 4 (1629.0
cst) shows the funnel somewhat broadened at the
480-foot level and above, with a 30- to 40-foot
wide “stinger” that reached downward and most
likely tonched the ground. A house in the fore-
ground hid that detail. Only the narrow lower
portion and the lower right-hand side of the
wider portion had any appreciable optical den-
sity. The remainder of the funnel was rather
transparent. At 680 feet above the ground the
nearly transparent funnel was 220 feet across. The
time difference between these stages was short
but the tornado shape and size did change con-
siderably. The direction of view was to the
southwest so that the tip, if in the plane of the
photograph, would have been nearly 250 feet
southeast of the main center. Note the size of
the tornado compared to the square city block

shown in this sketch.

Sketeh &

Sketch 5 shows changes even though it was only
0.2 minute after sketch 4. The long tubular tip
had lagged to the southeast more than in sketch
4; it had been nearly 250 feet from beneath the
center in No. 4 and at the time of sketch 5, was
500 feet to the southeast. If its true direction of
Ing was to the south the distance was even greater.,
The narrow tube was 40 to 50 feet in diameter,
the midportion of the funnel reduced to 170 feet
wide near the 650-foot level (it was 220 feet
across in sketch 4) and the portion above that
appeared to have narrowed a little. The level at
which the funnel faired into the cloud was at
1,050 feet, as before. The cloud base to the left
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FiGURE 2.—-A series of 51 scaled outline tracings from photographs of the Dallas, Tex., tornado of April 2, 1957. Scale for all drawings of figure 2 iz identical
Arrow in upper right-hand corner of each sketeh shows direction from photographer to tornado (e.g., S8W in sketch 1.); time (csT) of photo is just below a.rrow.
Time (min)) between photos is near baseline in corners or between sketches. Sketches 1-4—The wedge-shaped c\mid from which the tornado extended "

apparent. In the box of sketch 4 is drawn a square city block (one-twelfth mile) to scale for comparison with the size of the tornado o oe ®
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Ficure 2.—Sketches 5-8.—Note the predominance of vertically aligned cloud tags under the bulging tornado cloud. At sketch 8, the tornado decreased its
activity.
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of the funnel (the southeast) was higher .than to
the right, as was the case before. At this stage
the funnel above the narrow tube was getting
ragged and patchy and did not at‘all present a
smooth appearance. It appeared in the photo-
graph more like the stack smoke from a locomo-
tive. The direction to the tornado was to the
southwest. Observe that in sketch 4 only the nar-
row tube slanted while the wide upper portion
had a vertical axis; but in sketch 5, the midpor-
tion had become tilted. The tilted portion had
moved upward from 480 feet above the ground to
700 feet. The greatest angle of tilt in sketch 5
was 50° from the vertical. Observe that with
decreasing elevation from the level of maximum
tilt the tube in both sketches 4 and 5 returned
toward the vertical. This tendency for the por-
tion of the funnel nearest the ground to be verti-

cal has been observed in many tornado photo-
graphs,

Sketch 6

In sketch 6 (at 1629.5 cst) the funnel straight-
ened although it slanted 25° from the vertical
along its entire length. The lowest visible por-
tion was 50 feet wide and it opened up to 380 feet
in diameter at the 880-foot level, and at 450 feet
above the ground its diameter was about 110 feet,
The funnel had a ragged outline and its optical
density was very nonhomogeneous; it was more
or less transparent up to the 880-foot level. The
projected ground intersection of the tip was about
440 feet southeast of the center of the top portion,
the lag being only a little less than that in sketch
5. As before, the variable opacity of the funnel
resembled the exhaust from a locomotive. The

dust cloud, if any, was obscured by the fore-
ground obstructions,

Sketch 7

Nine-tenths of a minute later at 1630.4 cst, the
time of sketch 7, the tornado had moved so close
to the photographer (1.5 mile) that the general
cloud undersurface details could not be deter-
mined. (Sketch 7 is taken from photo No. 2 in
the section by Beebe.) However, small details
were easily seen in the photograph. Several
events had taken place in the time lapse. The
funnel had retracted, leaving a 2,000-foot-wide
bulge of cloud which extended about 600 feet
below the general cloud base at the center of the
bulge. The vertically aligned cloud shreds ex-
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2ope 700
tended downward another 100 feet to Wlthv:;d,zge.
feet of the ground at the lowest. The bo s6e0
shaped structure discussed earlier canI}Ot pat not
but other photographs, mentioned earlier hape
used in this series, indicate that the wedge-f'l'l ¢ this
structure was maintained at least thro“gh(i clou
early period of the tornado. The generfl;ne
base in the vicinity of the tornado re“:lmundef'
about 1,800 feet as before. The clow raphe”
surface was smoother toward the Pho?o.g‘ity
and was torn-appearing only in the V“’“ar
the bulge. The direction of view was to;)V at 1Y
south-southwest, and the bulge was & (})ll was
miles away, whereas the distance to sketc be. seed
over 3% miles. No cloud detail could in the
beyond the dark, Jow-level cloud bulge of the
photograph due to the underexposure evealed
photographic print. Other phot,ographs N igh
that there were some low cumuli beneat

" m,
altostratus layer to the west of this 8t0F
Sketch 8

ulg?
In sketch 8, 0.5 minute later, the tornadt": in
was only a little closer to the C“mem] o Wero
sketch 7. The lowest elements in the b'lll‘lﬁa bulg?
850 feet from the ground at this time. :ned the
was still 2,000 feet wide where it JO! ge
parent cloud. The bottom was not 88 ra% ached
It was in sketch 7; however, various b (£he
cloud shreds were in the vicinity to the rl_% n
west-northwest). There was a SuggeSttl;hat wad
funnel tip in the center of the bulge ent and
150 feet wide, but it was rather tmnS‘Pf’Jras i
indefinite in the photograph. There ¥ general
culty in determining the level Of.th:he pulg?
cloud base, but there was n break In at 1y 0
curvature on the left side ( enst-southeaStLmoother
feet above the ground. The bulge Was h
and more rounded than in the last sket¢i:

Sketeh 9 ity per
Apparently there was not much ﬂcuwher al-
neath the cloud bulge since the phOtOgr”ig 2 the
lowed 2.5 minutes to elapse between mwere
pictures from which sketches 8 szl 9 o sketcb
tracted. The tornado cloud at the time i the
9 (16334 csr) was only 0.6 mile ﬂWayt 6 wore
vesult that again only the closeup detdl™,

d

7ne
isi \ i rtically o118 %
visible. There were various ve 7

. er&m
cloud tags in the area to which the cm;bo\l 603
aftention was drawn. A small bulge wn W

. . do
feet wide was shown which reached



from ﬂ:'eSB{) feet from the ground, and protruded
high, Thc oud base which was about 1,250 feet
(South) 1o HATPly tipped cloud tag to its left
ut 500 f;;?}() feet across at the top and was
®hougt, ¢, d ong. The picture was not clear
Sma]) Vorte etemr-um? whether or not this was a
18 time W: sbut it did resemble one. The view at
Seetion g S to the west. Photo No. 3 in Beebe’s
View o to‘:,ukell at nearly the same time but the
0 wag § n;I‘rd the south-southwest and the tor-
iles away,

Sketck 10

By the 3
e-for 11?1 tl?e of sketch 10, 0.6 minute later, the
g thg Vi unnel was still about 0.6 mile away,
<Identi(:a,] t\v had changed to the west-northwest.
Al the tolo Photo No. 5 in the section by Beebe.)
Peareq andm-appeuring cloud tags had disap-
Vs aboyg 1the funnel was again organized. It
tts Parent 1’700 feet across where it faired into
the sur a‘ cc Oud‘mld extended to 1,600 feet above
Brounq o, The tip was 670 feet from the
the funpe was 90 feet across. The surface of
PPearin e l‘)Vas smooth in contrast to the ragged-
Oubteqyy, ﬂu]ge of the last three sketches. Un-
lere was already a dust cloud at the

groung 4 »
Ut 1t was hidden by the trees. The pen-

Mt elg

. u
Shghtly tO’ tlocated to the west of the funnel
Wag A he Jeft in this sketch at the arrow)

8o
!00 ing ln(;&p pearing and other pictures taken
it '&s'mo rth toward the tornado revealed that
This ben :;e .than 1,000 feet west of the funnel.
I)ea“'ance ;)t, cloud did not have the smooth &p-
shredded 0_ ”1(? funnel but it had the vertically
“Pheareq OtI striated appearance on its edges. It
ile oy W 0 move along with the funnel for a
from seveo and appeared, from evidence obtained
Uroung ; ral bhotographs, to be rotating slowly
Shapeq he volume occupied by the funnel-
of the gfnd“n‘: cloud apparently exceeded that
Nado itself for the next few minutes.

&letch 11

By
ﬂle 'O:Il]l:dposlﬁon of Sketch 11 ({lt 1634.3 CST)
trees, ( ]0- h{fd moved away from the obscuring
Section 1, )I;S is identical to photo No. 6 in the
he funngi ! eebe.) Here the angle subtended by
Vhich wa, 1 d considerably narrowed. That part
the ip, g S dV]S‘ble extended upward 530 feet from
-NO ',1en the tip was 620 feet from the ground.
Mg Jike Snall dust cloud at the ground appear-
% spinning top, that was only 90 feet

540339 0—go 5

high, yet four times taller than the average
house, and 50 feet wide and tapered to a point
at the ground. The vertical distance from the
top of the dust cloud to the tip of the tornado
was 580 feet. The pendant cloud mentioned in
the last sketch appeared farther away to the west
of the tornado. Since the camera angle had
changed little, the pendant may have rotated a
short distance around the tornado. The direction
of view was toward the northwest and the time
lapse since sketch 10 was 0.3 minute. Stratus
and bulging cumulus clouds could be seen in the
distance beyond the area of the tornado parent
cloud. Some cloud tags could be seen to the left
of the funnel, and in front of the pendant cloud,

Sketch 12

In Sketch 12 (at 1634.6 osr, and identical to
photo No. 7 in section by Beebe) the funnel had
narrowed even more in the lower half of the visi-
ble portion; the tip had not lowered but remained
600 feet above the ground. The funnel was visi-
ble in the photo up to 1,350 feet in elevation, 200
feet more than in the prior sketch. For the first
elling in the process of disintegration
was photographed and pieces hurled as high as
200 feet above the ground are shown in the sketch.
f the pieces were 20 to 30 feet across and
to Beebe were sections of roof. The
dust. cloud was rather unsyrnmetrical and ex-
tended upward toward the tip for a distance of
950 feet. Its horizontal projection was 160 feet.

The blunt tip of the funnel was 40 feet across

and was rather transparent, as it was in earlier

The pendant cloud (to the left of the
tornado), seen earlier in sketches 10 and 11, was
more clearly seen here (located by the arrow).
Since there was little difference between the di-
rection toward the tornado in sketches 11 and 12,
the pendant cloud, which appears farther to the
left, may have moved somewhat around the tor-
nado cyc]onicully with the outer or peripheral
circulation. (Actually there was another cloud
pendant in front of the one under discussion that
was visible in sketches 11, 12, and 13 and it was
probably moving around also.) The time of this

. was 0.3 minute after sketch 11, and the

sketel
tornado was 4 miles from the location at sketch 1.

time a dw

Some 0
according

sketches.

Sketch 13
In sketch 13 at 1634.8 cst, 0.2 minute after the
last drawing, the lower funnel changed from its
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Ticure 2.—Sketches 3-16.—At the stage of sketeh 10 the tornado became reactivated. A square city block, drawn to scale (one-twelfth mile), has been p\aced
in sketch 14 for comparison with the size of the tornado.



V%rtic .
the regivigmtude which it had maintained since
1 SDiraliy O%ment following sketch 9. There was
L torna% ust C?Oud connecting the 600-foot-
i Ppeay O tip with the ground; the dust cloud
Sroyy :d ta be about 20 feet across near the
by ahoyt N mpxd!y expanded to 220 feet across
funney ext feet in elevation. The condensation
the Parentel;ded about 630 feet downward from
‘ 088 pt thce (;ud base and narrowed from 190 feet
0 acr owest end of the vertical portion to
55 near the tip. The double tip was
Phe Y several cameras so it actually
S Mopg ¢ e diameter of the top of the funnel
Cloyg, otmn 550 feet where it joined the parent
to the oft @ that the tip of the tornado extended
“entey of ) (to th? southwest) 280 feet from the
Ut op debxl'? Vertical portion of the funnel. The
any Dieceg S Clqud was of low optical density, but
the ust o of timber were falling in and around
P"esumabi oud, Some from as high as 450 feet.
thy ome Y 1o buildings were being wrecked at
The prompt’ Since no large chunks were visible.
Sl v i ment pendant cloud (at the arrow) was
What o €and at thig point appeared to be some-
San ifceir ‘-than the tornado. Whether or not it
dig ot Dient funnel is not determinable, but it
o ‘?()V:t “"e smooth appearance of the usual
Since ez Eight-tenths of a minute had
lep rag e:i was first exhibited here. Another
i oremegl ¢ pendant cloud was still in front of
W Tevip "tloned pendant as it had been in the

us sketcheg,

Sketc.h 1

R
eXlsted_

4

Ing
the noli:}tlch 14, 0.2 minute Inter (and still toward
the 1y SWGSt’ but a Jittle more northerly than
Toweq to gg teh), the top of the funnel had nar-
tip 0 feet at 990 feet in elevation, and the
Mog, tOWered to 500 feet above the ground.
v Partle funnel was slanted at this instance
At the g OF the tip tilted rather pronouncedly.
dl&meter “foot level the funnel was 55 feet in
Surfy g W h‘f tapered dust cloud nearest the
ol abmu f OPtically dense. At the ground it was
helght o % 20 feet wide and it extended to &
Vateh 60,feet' It is believed, as a result of
lew) sgipm OVies of this tornado, that this was a
Mentg mored Up dust or debris cloud. As its ele-
tuzg, encev ed upward they would be diluted by
Pem&ixxdei, to a cloud of low optical density. The
®hsity Ot the dust cloud was low in optical
Ut had a definite border) and was rep-

resented by the scalloped outiine which extended
from the top of the more dense cloud to the tor-
nado parent cloud base. The height of the funnel
was difficult to determine but possibly was in the
vicinity of 1,200 feet, The prominent pendant
cloud, located by the arrow, remained to the left
(to the southwest) of the funnel and its center
was at least 900 feet from the center of the tor-
nado. The double tip of the pendant cloud shown
in the prior sketch remained here. The bottom
of the tornado tip was offset 250 feet from the
center of the top portion of the funnel. Here the
view was toward the northwest. Note the square
city block drawn to the same scale as the tornado,
Whether or not these cloud pendants were ro-
tating around the tornado was not easy to deter-
mine from the photographs. Movies taken at a
later stage show similar pendants and smaller
cloud tags actually moving around the tornado.
It is possible that some of these smaller pendants
were the equivalent of the peripheral clouds that
were so prominent in the second Scottsbluff tor-
nado [5]. They were much more continuous, like
a cylindrical sheet, in the Scottsbluff case, how-
ever.
The tornado at this stage was less than 0.1 mile
south of its position at the time of picture No. 8
in the section by Beebe. But the direction to the
tornado in sketch 14 was toward the northwest
and in photo No. 8 was toward the south-south-
west. The darker, knoblike affair on the tip of
the tornado in photo No. 8 (Beebe) is a result of
the view along the highly tilted portion of the
funnel tip at the 620-foot elevation in sketch 14.

Sketch 16

With sketch 15 (1636.2 cst) the view shifted
toward the east, and the photographer was 2.3
miles from the tornado. It was observed in the
sketches previous to this that even though the
view varied nearly continuously from a direction
toward south through northwest, there was lighter
shaded sky beyond the dark cloud immediately
associated with the tornado. Now with the shift
of view toward the east, light-shaded sky east of
the funnel was visible in this photograph also.
This suggests that the storm cloud containing this
tornado was circular in horizontal projection, or
perhaps elliptical and elongated in a north-south
direction. This effect of lighter shading beyond
the tornado has been noted in many other tornado
photographs. The writer has seen a few photo-
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in which the dark cloud base beyqnd t‘k}e
%g:f;;on;ppeared to merge with the horizon in
which case the funnel appeared white or light
gray against the dark backgrognd. .

In the photo for this sketch,. it was difficult to
determine where the funnel faired into the cloud
base, but contrast between the funnel and ap-
parent cloud base ended at 1,300 feet above the
gurface. The funnel bulge appeared to be about
000 feet in diameter at the cloud base, but nar-
rowed to 250 feet at a slightly lower elevation
which was 550 feet above the tip. The tip itself
was about 600 feet above the ground and was
quite sharply pointed. Note that the tip pointed
toward the left (north) edge of the conical dust
cloud. Here again the dust or debris cloud re-
sembled a spinning top as it did in sketch 11. The
dust cloud had moderate optical density and a few
pieces of shattered structure could be seen near it.
Tt was 470 feet high and 370 feet wide at its top.
Pendant clouds were visible between the funnel
and the photographer; the one shown at “A”
most likely was not the same one that has been
described in several prior sketches., This view
was 1.2 minutes after sketch 14. The tornado po-
sition for sketch 15 was 0.2 mile north of the loca-

tion for photos Nos., 9 and 10 in the section by
Beebe.,

Sketch 16

In sketch 16, the funnel became symmetrical
although it had a slight slant of 20° from the
vertical to the left (north, since the view was es-
sentially to the east). The tip lifted to an eleva-
tion of 750 feet above the surface and was quite
sharp. At the apparent cloud base at an elevation
of about 1,350 feet, the funnel was 770 feet wide.
The dust cloud was only 250 feet high but had
widened to 550 feet and a few pieces of debris
were visible in it. Numerous ragged or shredded
cloud pendants were visible between the funnel
and the photographer and, judging from the ap-
pearance of the lightly shaded cumulus clouds
above the funnel in the picture, the photographer
location was near the western edge of the tornado
parent cloud at a distance of 2.3 miles from the
funnel. It is presumed that the pendant labeled
“A" is the same one labeled “A” in gketch 15.

Photo No. 11 in the section by Beebe was half-
way between sketches 16 and 17, There is con-
siderable shape resemblance between photo No. 11
and sketch 17.  The curved tip appearing in sketch
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o, 11 becat™

17 disappears in the view of photo N on AW

the latter view is nearly 90° in direct!
from sketch 17.

Slheteh 17

. n 37

One minute later, the view shifted 11 sketo he
to the south-southwest (time 1637.6 CBTl'S e
straightening out of the funnel in the las B
must have been a preliminary to increas® he
and width since in this drawing the fl}; 1t above
ered nearly to the ground (only 180 e}?igh, 2
it). A small dust cloud, just 160 feet ared ¥
companied this lowered tip and 1t np%z Jcinked
lead the tip a little. This tip exhibited t (520 18
characteristic shown in earlier Skefches a8 much
and 15, for example), but here the kmk. Wte with
closer to the ground. The tip was poll: o time
a component toward the east-southeast af ot fro?
of this sketch and it was at Jeast 520 1® of th°
beneath the center of the upper Portlo“the 170
tornado. The trunk was 140 feet wide 8¢ n °
foot level and 850 feet wide at the elevatlose peing
it faired into the 1,350-foot-high cloud ba ;
n little wider than in sketch 16 at the Sun;nent to
Vertically shredded cloud tags were pror}? porth”
the right of the funnel (generally to the ave
west). The smallness of the dust cloud m
heen due to the underexposed pictures fro fun el
this sketch was taken. At this stage t™he

K
nt-tfun
almost assumed the often-observed elepha

shape.

Shetch 18

. ch 18
Although the picture from which Sk:; 0.
(1638.5 csr) was extracted, was taked nel ad
minute after that of sketch 17, t}.le fu:)l)" i’
changed shape and dimensions cons1def3 s med
funnel as a whole became straight, an¢ 5 entir®
a tilt of 30° from the vertical along llsm the
length. The funnel sides had no curves ch 08 8
changes in profile were abrupt brenks 81 o 7
the 950-foot level and just above the t1p- 440 oot
had lifted from 160 feet in sketch 17 ¥© wher® it
above the ground and was 40 feet across 3 fot
joined the main trunk. The funngl was " 150
across at the 950-foot level, and wldeneThe mo¥
feet where it faired into the clond bﬂsei tter )
dense dust cloud (identified by the eoss at th®
was 190 feet high and was 240 feet acr’ 0 and
top. It resembled a distorted spinming

1
£u®®
of the
1Funnel length taken from tip along centerln®

to the cloud base.
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Ficure 2.—Sketches 17-21.—Rapid changes in the shape and size of the tornado were evident in this period.




its tilted centerline almost coincided With.the fun-
nel centerline. A dust cloud of loyv optical .der.l-
sity is outlined by :I}z:a’ scalloped lines and indi-
the letter .
cat;}s:) zvhat was the level of the cloud base. at this
stage is not easily determined. To the right of
the funnel the base appeared to be near 1,300
feet in elevation; to the left of the funnel (the
southeast) the base appeared to be at 1,950 feet,
a difference of nearly 700 feet over the one to the
right. If the cloud base level represents the ex-
pansion condensation pressure, then there exists
the possibility that pressure was lower to the
right of the funnel than to the left, at a given
level. If that was true,then the vertical pressure
gradient to the right of the funnel would have
been greater than the static gradient and so verti-
cal motion of the air in that region might be ex-
pected. The ragged cloud tags which were to
the right of the funnel may be indicative of this
upward motion. This characteristic of differen-
tial ceiling height prevailed in sketch 17 also.
The more favorable viewpoint of the last two
photographs revealed this difference. The cloud
base to the far left of the funnel sloped downward
in a direction away from the funnel and that to
the far right sloped upward away from the
funnel. Where the funnel was vertical at the
location of its entry into the parent cloud this
distorted effect was not present and the cloud base
sloped upward away from the funnel equally in
both directions (see sketches 23-25). The total
slope of this funnel was as shown in this sketch
since another photo, simultaneous with this but
taken at right angles to it, showed no slope.
Photo No. 12 in the section by Beebe locates
the tornado between sketches 17 and 18 and there
it was in transition between the shape of sketch
17 and that of sketch 18. Photo No. 13 places
the tornado about 0.1 mile north of its location in

sketch 18; observe the considerable shape change
over such a short distance.

Sketch 19

The direction of view for sketch 19 (at 1640.0
cst) was toward the southeast. By this time the
tip had lifted to 700 feet from 440 feet above the
ground, and the funnel had become stubby. At
the 900-foot level the funnel was 280 feet wide;
in sketch 18 it had been 320 feet wide near that
level. The dust cloud had a 50-foot-wide shaft
extending upward from the ground and above the
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er
140-foot level it widened to 370 feet; 10 t }:: \TPP s
portion it appeared to be somewhat WS y the
before, the more dense portion is indlcftfe, This
“H” and the less dense portion by the “L
stage was 1.5 minutes after sketch 18- tornd
point was almost three times closer t0 the cia
than for the last sketch so that much as(S)O '
cloud detail is off the picture. Photo N ilths of
the section by Beebe, located about ﬁve-e;ﬁ)ws the
the way between sketches 18 and 19, 8 h 88 in
funnel withdrawn from the ground muc
sketch 19.

Sketch 20

. 8
At the stage of sketch 20, 0.8 mlnuct: which
sketch 19, several changes had taken pla on with
are shown particularly well by compari® o 501°
sketch 18 whose photo was taken from Ive int0
location. The cone-shaped trunk had eV(:he clo\1d
a wide pre-tornado-type cloud bulge ;gen 350
ceiling to the left of the tornado had rth of
feet, and the ragged cloud tags to the nor eath the
tornado had nearly disappeared. Ben diam
cloud bulge was a tornado tip 70 feet 1% o axtent
and 650 feet off the ground. The vertlct and i
of the bulge and tip was about 1,600 oo o it
width of 2,300 feet was over 0.4 mile- dWellings
cloud containing chunks of shatteredt ' d
had a lower level dense portion 220 fee.t po tio%
140 feet wide at the base and a low dens! tys o
above extending up to 450 feet (2.00 fee o
the tip) and 500 feet across in & 8
northwest direction. The dust clou
toward the tip of the cloud bulge. od edg?®
Although the cloud bulge had ragl o8 goe?
the tip appeared smooth. This smoothn® a i
to indicate the location of high speed r?;t cloud®
motion; in a region where several pen ":16 Smooﬂ‘
of similar profile exist simu]tzmeOuS]y t the
one probably contains the vortex. g that 8
pendant cloud in sketches 9 through ! a ornado
companied the tornadoj; it never became ¥ AS
and its tip particularly remained TPEE ic clov‘d
will be seen in the discussion of the to:':_‘a t0 ad0
bulge that existed to the east of t C;Snt couf15
over Dallas, only one of several pen ; ¢ picked
became smooth and that was the one tha
up light debris over north D{Luaﬁ gectio? by
movie camera). Photo No. 15,11 the mile ot
Beebe, located the tornado Jess than 0.1 oS ar0
of the location for sketch 20. The ¥

ghow?



Dear]
¥ 90° apart yet the profiles of the tornado

ul .

£e angd tip are similar.

The v;
towarg ‘:}ew for sketch 21 (1641.5 csr) shifted
50 ¢logg tﬁe east-southeast. The cameraman was
oot of 4 at considerable detail of the lower 1,500
DPeareq '© tornado was recorded. The funnel

t0 have lowered to 450 feet from the

8roy .
Wideggl;mh & 90-foot-wide tip with the funnel
1 & 10 800 feet in diameter at the 1,0600-foot
mentioneé}1 t(-)dd'shuped cloud between the afore-
that extendllp and the ground was photographed
30 feet w'de d to 580 feet in elevation and was
that of thl e. Its color * was almost identical to
apor coﬁg funr}el 80 it is presumed that it was
Wide g d lgnsatmn. Observe the narrow 25-foot-
the groun q 0-foot-long shaft that extended from
C_ylindricm to the wide cloud. This off-center
See it Y shaped. cloud was not transitory
Minytg § as ShOWI} in a photograph about 0.4
ater but with the narrow, low-level tube

Nog show; .
lagt Wing. This stage was 0.9 minute after the
sketcl,

S]L‘etch 22

In
Shiftesliitch 22, the direction to the tornado
the Jag¢ kthe west-southwest, and the time since
]ﬂl‘ge alms etch was 0.9 minute. The relatively
Sketchpg uount of time between these last few
tance ro nd the changing angle of view and dis-
Parigq,, M the tornado allow little direct com-
nd Jige etween them, Briefly, the tip lowered
Uced ), etween sketches 20 and 22, ano’l' pro-
Sketel, o © odd-shaped cloud below the tip in
N Sketel, gcompared with sketch 20, the bulge
leayiyg 22 had pulled upward from the tip
the s;lin: 1180-f00t-long, 70-foot-wide tip at about
able g hi ?ve]' Tornado cloud detail was detect-
Tagonq c]g 148 2,300 feet above the surface. Many
he ¢; oud appendages appeared to the'rlght
Slope of I;] and a few were to the left. Again the
Owarq {1 1 associated cloud bulge was less steep
the yi ghtl)e d“'ecﬁlon of movement (which was to
OVement than in the direction away from the
300 foqy b. trhe base of the dust cloud was nearly
tornado/ ehind (to the south of) the tip of the
the “H;,“nd the high-density portion (located by
dens;y Was vertical. The intervening low-
Y dust cloud leaned over toward the tor-

.Th
© ske
®th Was extracted from a color slide.

nado tip. The dust cloud was complex as shown
by the high and low density components. The
dense portion was 250 feet high and was 80 feet
wide at the ground, or just a little over the width
of an average residential dwelling lot.

Photos Nos. 16 and 17 are located by Beebe as
being halfway between sketches 21 and 22 of this
section. The detached cloud to the right of the
tornado tip in photo No. 16 resembles that in
sketch 21, while photo No. 17 appears generally

more like sketch 22.
To the far right of sketch 22, northwest of the

tornado and 0.8 mile west of its path are shown
a tall and a short smokestack. Smoke (marked
“P*) was flowing from the short stack during
the passage of the tornado, and this smoke was
used as a tracer of air flowing in the vicinity of
the tornado. Prior to the time of this sketch it
appeared that the smoke had been flowing with a
component to the left (that is, the south) but at
a shorter time before the photograph was taken
a shift toward the right (the north) had taken
place. The tornado was 1.1 miles southeast of the

stack at this time.

Sketch 23

In sketch 23, looking to the west, the funnel tip
had lowered to 530 feet above the ground, the tip
had two sections, one 70 feet wide, and a larger
section 200 feet wide at a higher elevation. (This
was 0.9 minute after the last sketch.) Higher
still the funnel had a section 750 feet in diameter.
Large verfical appendages developed and hung
from the periphery of the funnel. The one on
the right was 480 feet in vertical extent and the
one on the left (the south side) was over 700 feet
long. Whether or not these were incipient fun-
nels is not known, but in some movies taken at
about this time they appeared to be no more than
peripheral cloud appendages rotating around the
funnel, and in the movie they did not appear to
change very rapidly in shape or dimension, which
indicated nonturbulent airflow in that region. In
n later sketch one of these appendages reached
nearly to the ground, and at that stage indeed had
the appearance of a narrow vortex. Evidence of
rotational flow, described in a later section, close
to the tornado indicates that these appendages
may actually have been incipient vortices. The
dense dust cloud tapered outward from 100 feet
in width at the surface to 300 feet in diameter at
its widest, and was 330 feet high. The overhang
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T1GURE 2. —Sketches 22-25 —The tornado had enlarged in this series. Observe the smokestack effluent moving to the right (northerly) with the tornado.

square city block, drawn to scale, has been inserted in sketch 24 for comparison with the size of the tornado.
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to the

Sembl(:adm%l]lt of the high density dust cloud re-

8rapheq W’i’t‘; overhang of dust clouds photo-

Sucly Orlnn}} the Scottsbluff tornadoes [5] where
lons were taken to be evidence of

vertj

cal shonp :

ensity ddlsi’" in the ascending air. The low
flon jp cloud extended from the dense por-

0 at ]e:::arln‘“mer shown by the scalloped lines
8 Wide ¢ b 1 elevation of 1,000 feet, and it was
U that ele, y top as the 750 feet of funnel width
Dl‘esumab] vation. Many chunks of what were
-Dhotogm )%’ shattered dwellings were seen in the
1 ang aﬁo;]“é‘d are represented by the large dots
he topp (}i the dust cloud.
closest au 0. had continued toward its position
“lier, an dpp1 oach to the smokestacks mentioned
Cst of ¢, at this stage was 0.9 mile east-south-
lettay « e’m_ The smoke plume, indicated by the
termegq “ou Appeared to indicate a condition
Ndicatiyg Oping” in micrometeorology, which is
Wing Spee dOf strong lapse conditions and low
tddjeg caus [6]. Under this condition, thermal
Cuse jt e the smoke to rise rapidly and then
photoﬁm (]) b.e carried downward again. Later
~UAPhS indicate that a strong lapse rate did
allow 2198\5 likely, low-speed intermittent
Sketc} 3 ed the smoke to rise in puffs. After
Steaq, o '“’. N0 more tall puffs were created, in-
' ;omng” [6] of the effluent indicated a
OVer, (he S: iﬂ] temperature lapse condition. How-
Stack ;O ‘ eﬂluen.t had risen to 670 feet above
Plumg Wwa fop at this stage. Since the smoke
do ?Ie(:. arther from the camera than the tor-
thay at t‘ cale at the plume location was different
Wag My, el.e tornado. Accordingly, an allowance
the phlmf; n computing the height and Jength of
ppeay. "0“1 At ‘}ns time the smoke plume did not
See (e e affected by the tornado circulation
the right I{“ﬂ'S' also moved with a component to
Tectig) 0’ ut if the plume had followed the di-
S°utheust t.he ambient. wind, which was from the
tOl'nado \,v the intersection of the plume by the
Sty ould never have taken place.
teh gy

Foyp.
Shoy, J ttemhs minute later sketeh 24 (1643.7 c81)
et : le tornado with its tip raised & little to
in t I:S general shape was more symmetrical
" 111\\'&1?(11?‘8‘”0“5 sketch, especially in the por-
D of {)e £ rom the peripheral cloud tags. The
" ".""el. was 75 feet wide and widened
al c]" in dinmeter at the level where the
oud {ags were attached. The width of

o
Verte

the cloud bulge at 1,900 feet above the ground
was about 2,700 feet. The large dust cloud ex-
tended upward from a very narrow shaft of dust
near the ground to the extent that it was 550
feet wide and over 650 feet high. The portions
labeled “H” had high optical density, those por-
tions labeled “L” were lighter in density; the
portion at the upper right outlined with scal-
loped lines was very light. The high degree of
overhang suggests eddies with horizontal axes
generated by high velocity upward airflow near
the center of the tornado and lower speed up-
ward-moving air in the outer portions as men-
tioned earlier. The dust cloud still lagged to the
south of the funnel. The view was to the west
at this stage.

The funnel was at the position of closest ap-
proach to the smokestack and the plume had the
same general appearance as in the last sketch;
however, no more tall puffs had developed. Again
the vertical portions extended from 650 to 800
foot above the stack. Ividence that the plume
was being drawn toward the tornado was shown
by the fact that smoke appeared to be flowing
between the crest of the hill and the camera loca-
tion, n condition that did not exist in the last
sketeh. Such a component of flow, against the
ambient wind and toward the tornado, would in-
dicate some mechanism that was disturbing the
ambient flow such as lower pressure in the direc-
tion of the tornado or its thunderstorm system.

Sketch 25

By the time of sketch 25 (1644.3 ost), 0.6 min-
e after the last sketch, considerable size and
rred in the region below 2,100
feet in elevation. The funnel cloud was only 320
feot wide at the 1,200-foot level, whereas in the
last sketch it was about 800 feet across at the
same elevation. Note how the tip had narrowed
to a ropelike tube 45 feet or less in diameter, and
had taken on a sharp “S” curve; this was a large
change from the earlier sketch. The peripheral
cloud pendants continued to be prominent and as
mentioned earlier, were rotating around the fun-
nel, as shown by some of the movies. The entire
dust ov debris cloud was dense and was 235 feet
wide at the ground, and extended to the tornado
gip at HOO feet elevation. The dots scattered be-
neath the funnel represent chunks of debris that
were seen in the photograph. Their path of ar-
yival at the position shown is not determinable.
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F1GURE 2.~—Sketches 26-30.—Peripheral vortices appeared in sketches 27 to 29, and the smoke plume, shown extending from its stack at “S” to the tornado,
started to move around the tornado in sketch 30.



Thec .
rom :ﬁ:i:;‘:limg of 2,100 feet showed little change
e tor. ew sketches.
smOkels{:d? had passed the closest approach to
eaSt‘nOrthe ack a.nd at this stage was 0.9 mile
Plumg ast of it. The elements of the smoke
ontinued to move to the right.

S]Uetch 26

In ;
Sfmig]g;l;:e dOA minute (sketch 26) the funnel
® tube ¢ out of the sharp “S”-shape and rope-
Whoge tip ; & gently leaning, chopped-off cone,
Wag g fo a8 now 600 feet above the surface and
the clouq ]:t Wide. The width of the funnel at
feet ), ia A5¢ was a little smaller being now 2,200
Width Wasn;eter; at an elevation of 1,200 feet its
TeMaineq 350 feet. The peripheral cloud tags
L%00 fee letll the tornado. The funnel hung
ad Tisen goe‘low th.e 2,300-foot cloud base, which
Cloyg wa, 0 feet since the last sketch. The dust
Videneq tso 120 feet wide at the ground and
Vs oyep 6 400 feet at the greatest width, and
“H ot 00_ feet in height, The “L”, “M”, and
IOW, me GII;IS Indicate regions of debris offering

€Us of ¢ o and high optical density. Hun-
debyy; ™Mall pieces and a few Inrge chunks of

rig co
tloyq, zid. be seen floating around the dust
1300 goo, . 118 Particles were carried as high as

cloy , eoe(:,] t.o the right of the funnel. A pendant
Sliateyy, {::{fl nuch like another funnel, was im-
Ourtjq as he left of the tornado; it was three-
Shary, Poi Wide as the funnel itself, and had
Thig Potatmed Streamers extending downward.
th lNext ed around the funnel as will be seen in
bove ;‘Sget("h- High up along the cloud bulge
- the S’ln ol feet, ragged cloud tags persisted. .
the Viciniy ‘© plume was again outlined, but in
fereq in dytOf ﬂ.‘e. tornado difficulty was encoun-
o eeler.lhln]]lg 'which of the clouds seen
LR e }Islltly debris from the tornado, and
19 More ¢llluent from the stack. Observe that
Thig eaI,) uffs hag developed in the stack effluent.
“Tengg I 'S that the wind in that area had in-
Somg ﬂ] dspeed after the last puff and had be-
ack haq by T.he puff most distant from the
:_le Stack 1 °en lifted to nearly 1,000 feet above
10na} i51-ev,e]’ and this may indicate some addi-
Outey Circumb-““ce of the plume by the tornado
Norgy, of \v;:tlon' The view was still just a little

Sketch 27

Sketch 27, 0.3 minute later (at 1645.0 CsT)
showed that the funnel had narrowed again somej
what as it had in sketch 25. Size and shape
change occurred very rapidly in this tornado.
The lower portion and tip were ropelike. The
funnel near the tip was 50 feet wide, then ex-
panded to 190 feet at the 1,050-foot level, and
was 600 feet in diameter at the 1,470-foot level.
The tilt to the right (25°) remained, as was char-
acteristic of many of the sketches. The large
cloud pendant mentioned in the last sketch was
more prominent here and it had extended nearly
to the ground. It was 420 feet wide at its top
and was 1,400 feet in length; however, the lower,
narrow portion was rather hazy and the solid
upper part still had ragged edges. This feature
was photographed by other cameramen. Observe
that the other cloud tags were suppressed at this
time. The dust clond was only 50 feet wide at
the ground, but widened rapidly with elevation to
360 feet in diameter. Its upper two-thirds was
quite nonhomogeneous, and the distribution of
light and dark portions suggests differential air
velocities in the dust cloud region. Large chunks
of shattered dwelling, some about 30 feet across,
were visible close to the Jower half of the dust
cloud, and small pieces could be seen as high as
1,000 feet above the ground.

The tornado had continued to move toward the
intersection point of its path and the smoke
plunie. There was definite indication from the
photograph that the plume was being influenced
by the tornado circulation in that the right-hand
portion of the plume, that is, the part nearest to
the tornado, was being raised considerably higher
than the remainder of the plume. At this in-
stance the tornado was 0.95 mile east-northeast
of the smokestack. The direction from the cam-
era to the tornado was toward 278°, or a little

north of west,

Sketeh 28
The view for sketch 28 shifted toward the

north-northeast, which reversed the sense of slant
of the funnel. The time interval was 0.1 minute
so details are seen nearly as in sketch 27, but from
a different viewpoint. The cameraman was some-
what closer than for sketch 27, and this narrowed
the field of view, obscuring upper-level details of
the funnel. The funnel was smooth, was 50 feet
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wide at the stubby tip, and wid.ened to 55(2‘ feet
across at the 1,450-foot elevation. The “dust
cloud” did not appear to be dust, bu‘c. was rather
light. brown,’ which suggested that it was com-
posed of mud spray. The dense part was 500 feet
high and 500 feet wide at the widest and h.ad a
small pointed top that pointed toward the tip of
the funnel. It also had overhang on the edges,
suggesting shear eddies there. Many small' chunks
of debris were flying all around the debris cloud
and the tip of the funnel. The low density por-
tion of the debris cloud extended half way up
along the length of the funnel. The large pend-
ant cloud with the long hazy lower portion ap-
peared to be more organized into a funnel-like
shape than in the last sketch. This point of view
showed it to be almost 1,000 feet from the tor-
nado, center to center, as shown in the sketch.
Oddly enough it was tilted in the same sense as
the tornado; that is, to the left. The hazy elon-
gated tip reached almost to the ground at this
stage.

The smokestack plume was seen entering the

picture from the left but it became too light to be
followed farther to the right.

Sketch 29

Sketch 29, 0.6 minute after sketch 28, shows the
tornado again viewed toward the north-northeast.
The tip had risen a little to 700 feet above the
surface and the funnel had narrowed generally
but was still about 50 feet across at the tip. The
dust cloud (or mud-spray cloud) lifted to 620
feet in height (lighter portion outlined in scal-
loped lines) but there was little change in width.
The funnel was 270 feet wide at the 1,350-foot
level. The large pendant cloud at the arrow to
the right of the tornado was undoubtedly the
same one shown to the left of the funnel in the
previous sketch. Another ragged pendant cloud
developed to the left (to the west) of the tornado
and had moved into the view of the camera. Its
tip was turned under the funnel as if there had
been a component of air movement toward the
tornado in the region of its tip.

The smoke plume was about to be intersected
at this time by the tornado, but the plume was not
very clear in the photograph so its location rela-
tive to the tornado was indeterminate. Shortly

3 8keteh 28 was extracted from a color slide.
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. und f,hﬂ
after this time the plume was carried a0

funnel. ted
Photo No. 18 in the section by Beebe :gz: 98
the tornado about halfway between Sk‘?t w (8 d
and 29. The photo was a much closer Vi re lost
a different direction) so larger detauls'& b2
However, just to the left of the funnel 1P in

. s owll
seen a part of the incipient funnel 8
sketch 28,

Shketch 30

In sketch 30, the view shifted tOW“?d t'th(
The funnel showed a slant to the Tigh owly
west) and was sharply pointed and narr o 0
pered somewhat in contrast to the 400 oo
sketches. At the 1,300-foot level it W88 = "y s
across. Above this level what appesr® b cloud
ring of ragged vertically aligned penc2™, . in

o
tags made the tornado suddenly 138(1&.1‘\0(1 for
diameter there. This shape was PV

otog:
only a short period since only one other PH  dod
rapher (not in this series of sketches op
it. The low-level dust cloud was quite nesrty
and the base of it was hidden by 0 :
buildings. n jue
The photograph for this sketch W8S tal:eesmok
after the tornado intercepted the Smo and he
plume and a ring had started to form or 4 on a8y’
tornado at a height of 750 feet and halso gho*®
parent radius of about 450 feet. 1t ﬂ)i 3
the plume extending all the way from™
to the tornado, a distance of 1.2 miles: wn 1 b
vertical puffs of the smoke plume Sh(.) time ﬂ“,d
earlier sketches had disappeared by thlso ot
the plume led into the vortex in morehe tornﬂdo
stream. In fact, a movie taken of tbe’fore th®
from southeast of it o few seconds lce Pl\lIﬂe
smoke moved around it, showed the smor mo\’i“g
as a narrow (in vertical extent) strﬂﬂT}?e fuﬂﬂe.l‘
upward and northeastward, toward /nil 0 infiy
This streaming upward toward t:he' w:‘he icin'ltf
cated an upward component of 81T n t : igh
of the funnel and also explains the relat
level at which the ring first forr'nefl cord 8t 6
A check on the autographic wind re 1, was 5'6
Dallas Weather Bureau Office (Whli revei’le
miles north-northeast of the smokestac {t)-he outh’
that the surface wind had been fr‘zlmié 1 thz
east, with little variation from 1! ntion ou!
time of the tornado. This wind dire¢



ha,v

Ve tak

Wstegq &X; the smoke away from the tornado but

8k Smoke was drawn into the vortex.
eleh 31

Ske
the 11?11813 1 (at 1646.5 csT) was 0.3 minute after
Va clan(efch and the direction to the tornado
Uhng] (:olie-d to“’“}‘d the west-northwest. The
WS noyw GOgllle(i with its very pointed tip which
n the plar feet off the ground and was vertical
“amepyg 126 parallel to that of the film in the
evel, pp Widened to 800 feot at the 1,600-foot
Which &m: cloud ceiling was around 2,400 feet
8t fovw Sk::;{eci to little or no change since the
‘Qe;es. A'lthough both the funnel zu-ld
rom bee Ve}'trlcttl, t}.le dust cloud was d1§-
Nl the v "llemh the tip of the funnel; evi-
QO-foot lev (]n tex was bent between the 450- and
Vide by t}e 8. The dust cloud base was 90 feet
q tin w; dtf overhang effect enlarged it to 300
USt elond & short distance higher. The dense
83 dengg d“as 450 feet high at this stage. The
exl‘ended ¢ ust clond, marked by the letter “r
arge eddyztl’{o() feet in elevation and had a
D"‘)Ximate] 750 feet ¢ elevation on its left (ap-
avI)I)lﬂmialo]ey south) side. Chunks of debris of
Near ), o Slze could be seen in the photograph
1.1'1‘1;]&"6] dust cloud. Whether or not &
borlludo at ﬂ“ Of pendant, clouds surrounded the
¢ etermiy, (;e time of the last sketch could not
Ohe peyy ume s but at this stage (sketch 31) only
that Was ty Was recorded in the photograph, and
Dortig, o /:;ned mward under the wider upper
?9' le ¢ :e tornado cloud, much as in sketch
t.e et Istant ter of this pendant cloud was 1,200
lon ¢ om ”' n the south (left) component. direc-
he Smg] N center of the funnel.

o0t py, i € ring eventually attained an appar-
Othey pl:t of 950 feet but from indications of
U thig g, ographs the ring around the funnel
Actually 88 was in the process of breaking up.
(‘?m e‘e’ o photograph showed it extending
Thyy PM‘? Around the tornado at any one time.
skefcl y ‘Hof the smoke plume, located in the
o ¢ plu 1@ lotter “P», was no longer attached
Skete, :()me, Eio‘\'ing from the stack as it was in
ho“ﬂleust . f The tornado was 1.4 miles north-

Oket, 0T the smokestack at this time.

ch 39

In
Sketc ¢
h 32, the direction to the tornado was

4
8o
In o e op
the the
dmwlngn Measurements quoted in the text do not appear
i beenuge of lack of space

again nearly south (just a little west of south)
and the time was 0.7 minute later than sketch 31.
The funnel had increased its slant to the west to
95° from the vertical. Nineteen hundred feet of
the funnel were visible vertically and at the 1,300-
foot level it was 400 feet across, just about the
same as in the last sketch. The very thin tip was
170 feet off the ground. Note the abrupt widen-
ing of the funnel at the 620-foot level to 150 feet
in diameter from a twisted, thin, ropelike shape.
This resembled the double-walled funnel con-
struction observed by Kangieser [7] and also ob-
served in the Scottsbluff tornadoes [5] of 1955,
The dust cloud widened upward from the ground
and had less optical density in the core near the
ropelike center. It was nonhomogeneous and had
isolated dust parcels up along the funnel. The
darkest. portion of the dust cloud at the instant
of the photograph (movies show these dust clouds
changing very rapidly with time) was at the
ground and extended to the east of the tip; this
eastward projection was 470 feet high. At any
one time that portion of a dust cloud that is
higher than another portion is older in point of
{ime since the movies show the dust cloud parcels
moving upward along the trunk. Many large
peripheral cloud tags were seen around the upper
part of the funnel some of which appeared to be
bent inward toward the center of the tornado as
shown in sketches 29 and 31, for example.

The plume of smoke that was shown flowing
into the tornado in sketch 30, no longer did so in
sketch 32, althongh only 1 minute elapsed since
sketeh 80. The plume at this stage lay a few
degrees to the right ( looking south) of a direct
line from the stack (at the arrow labeled “S”)
to the cameraman and was flowing almost toward
The plume was swinging around more
nearly in line with the ambient wind which was
from the southeast. The effect of the local tor-
nado circulation was ending at the location of
{he stack. It is estimated that the direction of
the plume was from 210° at the time of sketch 30,
and shifted to a direction from 185° following the
interception, which amounts to a difference of 25°
in a counferclockwise sense. The plume of smoke
by this time had been dispersed in the vicinity of
the funnel.

The detniled descriptions in the above para-
graphs of the interaction of the tornado and the
smoke plume may give an indication of the size
of the gross tornado circulation. For the Dallas

73

hin.



122

1646.5 1647.2
\
\
AN
N cloud shelf
\\ K edge
N S TS
07 0.1
/ SQUARE ;
CITY BLOCK
1647.3 1647.4
3700' , f
2250 A
% é 2100
m 1670
ure'
L
-
L 450 \

04 &rs 7 IS, AN ArYS 7. 9! :

TFicure 2.—Sketches 31-34 —The tornado became larger and entered the elephant-trunk stage.
shelf from which the tornado extended downward; see section on Tornado Cloud Structure.
comparison with the size of the tornado.

The dashed curve in sketch 32 points out the edge of the cloud
A square city block, drawn to scale, is inserted in sketch 34 for



t()rna d
teng a: ’ fg;e radius of influence appeared to ex-
as 1.6 mi :
ahoyt, 1,000 feot, miles for the air layer below
ot -

the tor;)xagro' 19 in the section by Beebe located

Sketoheg 310 about one-third of the way between

retracted ifnd 32. It would seem that the trunk
a little between the photo and sketch 32.

S]C@tch 33

The gipon:
outesg:::;ctlon to the tornado in sketch 33 was
Sketeh yyqg '(’)SOUth_WGSt and the time since the last
1° start of ﬂ.l minute. For the first time since
Mtacheq ¢, ’“’e tornado the funnel became firmly
only belgy 1'le ground. The funnel was tilted
!le west- 300 feet at an angle of 20° toward
It ¢ roungrthweSt; the earlier sketch showed
tryp)e Wasgbout, the entire visible funnel. The
his Smo ecoming smooth and evenly tapered.
tinyeq tl othing and straightening trend con-
450 fopt 11:1 (])ugll severa] following sketches. At
W0 fopt itle’ght the trunk was 90 feet across, at
feet (1q tor was 300 feet in diameter, and at 2,100
May haye bllado cloud was 2,000 feet across; it
nnel diga een Wlde.l‘ at higher levels, but the
t this gtq Ppeared into the peripheral clouds.
System cou]%e bs ome de_fails of the tornado cloud
ot in eloyati e seen in the photograph to 3,500
iddep by V:Ltlon' T%le low-level dust cloud was
U8 to the ne low ridge in the foreground, but
WSt coylq Overexposure of the photograph, light
L1%0 feet _seen over a wide aren and up to
eriphemlas indicated by the scalloped outline.
the fun 01(.)“dsa both detached and attached to
fel, still were rotating around it.

Sketch 34

In
Chahgsel;etch 3.4 (at 1647.4 cst), the tornado had
hag pasSezon_SIdembly although only 0.1 minute
ATrroweq a]mnce the last sketch. The funnel had
Ove aboyt ong most of the visible portion an'd
cl Teca]] 550 feet the trunk had become verti-
. 1 20()ln the last sketch all of the tornado
ticaly 100 feet had a slant of 20° from the ver-
tilted’ flow °fﬂy the part below 550 feet was
Wag also Vé":ﬁ’*Slb]y the portion nearest the ground
Aking tllerflcal' In other words, the process of
Warq, " unnel vertical had progressed down-
foot levg] li) trunk was 90 feet wide at the 550-
®vel, an d, tecume 550 feet wide at the 1,550-foot
feot ove At the 2,250-foot level widened to 2,250
T two-fifths of n mile in diameter).

Nearly 3,700 feet of the vertical extent of the tor-
nado cloud system could be seen in the picture,
This was made possible by the disappearance of
some of the peripheral cloud tags on the side
nearest the camera. However, many peripheral
clouds were visible as shown in the sketch. The
heavy dust cloud was 300 feet wide near the
ground and along with the light portion extended
to at least 550 feet in height. Although it was
vertical at the ground, the dust cloud bent to the
west with elevation along with the trunk. Note
that due to a thinning of the dust in the vicinity
of the trunk, the trunk was visible downward into
the dust cloud. Those portions of lower optical
density are indicated by the letter “L”. Compare
the size of the heavy dust cloud with the city
block scaled in this sketch.

The orientation of the smoke plume from the
stack indicated that it had continued to rotate in
a counterclockwise direction after sketch 32,
bringing it more nearly parallel to the ambient

wind.

Sketeh 356

Sketeh 35 was viewed nearly toward the south-
southwest (toward 210°) and was 0.2 minute
ofter sketch 34. It showed an increased bend in
the Jower portion of the trunk below 1,000 feet
apparently due to the change in direction of view.
For example, if the tip were lagging toward the
south more than to the east, then a shift of view
from south to south-southwest would show the
north-south component of bend to better advan-
tage. The angle of tilt amounted to 40° from the
vertical at the 450-foot level. Little change had
occurred near the ground, but at 1,000 feet the
width had increased from 180 feet in diameter
to 220 feet and the funnel was 1,250 feet wide at
the 1,900-foot level. This cameraman was much
farther away from the tornado and so took in
more of it hence this photograph showed the
funnel cloud system reaching upward at least
4,100 feet. At the 2,900-foot level the tornado
cloud system was 3,500 feet across in a northwest-
southeast direction. Considerable amounts of
peripheral cloud continued to rotate around the
funnel above 1,000 feet in elevation. The dust
cloud was rather dense below 450 feet and the
lighter portion extended to 1,000 feet in height,
and at the widest was 700 feet across. The non-
homogeneous character of the dust cloud indi-
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Ficure 2.—S8ketches 35-39.—Cross-hatehed area indicates nearer obstructions. Non-cross-hatched areas near the baseline represent more distant ridge. The

clephant-trunk stage proceeded to maturity in sketeh 37, then the tornado began to retreat. The dashed curve in sketeh 37 points out the edge of the cloudshelf
from which the tornado extended downward.



Steq .

15 ¢ t}g}e OXistence of turbulent eddies there. It
mentione'remembered that these dust clouds, as
ooyt R efore, are the most changeable thing
Deriogg w etornadO.- The movies showed short
St (op dnbn'o dust cloud existed, then suddenly
Suq enly ebris of whatever the composition)
n Ongj Virled up and around the trunk attain-

erable heights rather quickly.

ket% 26

Sketch
cr‘3use of é? (1648‘2 osT) shows an apparent de-
m, bt megt likely due to the shift of view

Lot iy,
fimg Waseclté{ to the south; the amount at this
try from the vertical. The smooth-

the rtl))llll:llze continued and the trunk remained on
the groung, he width was a little smaller near
as gy, oni 2 decrense to 90 feet in diameter, but
1000 OOtnlng farther up. For example, at the
o Ny, “vel the trunk became 330 feet wide,
Sketch. > Of 110 feet over that in the last
sketch hg dle ,Smooth-trpnk profile of the last
Abo\’e 00 eome disrupted above 1,200 feet.
" Widgy feet the tornado averaged 2,000 feet
"gge Wb the sides in that upper region were
g ‘¢ dust cloud was moderately heavy
Ity tota 1el}se portion was 650 feet in diameter.
the g , “flghf{...;?was 1,000 feet. Here, as before,
‘mOWe on“ "5 thinner nearest the trunk, which
e sme t0 See the trunk almost to the ground,
clulnz‘,’ed ito estack plume appeared to have
Clog vise ® direction even more in the counter-
lt, Streg Sense as shown by the manner in which
fpgﬁ to t_he right; that is, a direction

th mer&mam 8 line between the tornado and
® torngqy, 5., Although not readily apparent,
(the le © had developed a tilt toward the east
% thiy g “bove the 1,000-foot, level. The time
one, 1 was 0.6 minute after the preceding

the
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Nos. 20 ang 21 in the section by Beebe
Owe ®tween sketches 35 and 36 on the
t Ver, photo No. 21 rasembles skotch 87
’Cetck 3y > 20 strongly resembles sketch 34.

Al
hoy
hangy 81 A tornado is continually in a state of

58, ¢
I‘-Vhich ’ itj:“:,e Bppear to be configurations during
ﬂﬂte thay, s Stonal changes proceed at a slowc?r
Slee Phant Ual. One of these configurations 1s
Beop -trunk stage, and both the Dallas and

OMsbluft tornadoes (5] changed shape

Moasp O—g0—_g

slowly during this stage. In the Dallas tornado,
the smoothly tapered, although curved, trunk was
fully developed by sketch 33, and still existed by
the time of sketch 37, 2.7 minutes later. The
reader will recall some of the large changes that
occurred in short time periods between earlier
sketches, such as between sketches 12 and 13, or
between sketches 5 and 6, when other than the
elephant-trunk shape existed.

Between sketches 36 and 37, a matter of 1.8
minutes, the trunk was widening near the ground
(diameter increased from 90 to 120 feet), but was
narrowing higher up and decreased by 100 feet
in diameter both at the 1,000- and 1,300-foot ele-
vations. An increased bend was observed in the
trunk. The trunk profile would indicate that the
portion near the 700-foot level was farther to the
north and west than any part above or below that
level. The trunk continued to be generally smooth
although close examination of the photograph
shows some small irregularities in the surface.
One of the surprising things about this stage is
that despite the powerful appearance of the fun-
nel, relatively little debris was being stirred up
compared to earlier stages when the tip was sus-
pended several hundred feet above the ground
and yet much flying dust and debris chunks were
seen. 'This is not to be taken to indicate that less
damage was being done. A small eruption of dust
on the right-hand side (the west side) 160 feet
high was all that was visible. This effect was
noticed in some stages of one of the Scottsbluff
tornadoes [5] and no logical explanation comes
to mind. The degree of exposure of the print was
not n factor here in revealing a lack of dust. For
this stage the cameraman was so close (0.80 mile)
that only 1,800 feet of the funnel were recorded.
Sketch 37 represents the maximum development

of the elephant-trunk stage.

Sketch 38
By the time of sketch 38, the tornado was be-

ginning to shrink in the lower part and widen
above abont 900 feet. The trunk diameter was
only 80 feet at the 450-foot level, 600 feet at 1,350
feet in height (an increase of over 200 feet), and
2,000 feet at 2,300 feet elevation. The cameraman
was so far away (8.5 miles) in this instance that
the view of the upper portion of the tornado was
hidden by intervening lower-level clouds. This is
characteristic of many tornado pictures taken

ks



. a few miles. The
from a.dlstancezl ?f;:f;;gﬁzzt of tilt toward the
funﬁfl (?hci?:?zw is to the west-southwest). Due
?c(; I';he distance no dust cloud showed in the ph_o-
tograph. However, in o'rde'r to Sh?W the tip
detail at approximately this time, the inset gketch
is provided. The photograph from which it was
extracted was taken nine times closer than that
of the main sketch. This view was toward the
southwest so that the funnel tilt shown in the
main sketch would have a tendency to disappear.
The photographs were not exactly simultaneous
so some tilt and width change could easily have
taken place. Although the dust cloud contact
area was very narrow (25 feet diameter) much
debris was being carried up from the ground.
The debris cloud below 230 feet was quite dense
and was 280 feet wide at its top. Lighter debris
was carried up at least to 800 feet. The tornado
trunk tip was only 15 feet in diameter, but wid-
ened to 90 feet at the 800-foot level and was a)-
ready lifted from the ground. The dust cloud
showed the overhang feature as well as the lack
of debris in the center near the core of the trunk.
With the tip greatly narrowed and lifting, more

debris and dust were being lifted than in the
stage of sketch 37.

Sketch 39

By the time (1651.7 cst) of sketch 39, 0.6 min-
ute later, the tornado showed considerable change
in shape. The tip was 450 feet off the ground,
and the trunk tapered narrowly from there to the
870-foot level where it was only 90 feet across.
It widened somewhat stepwise to 300 feet in
diameter at the 1,300-foot level ; another step-type
increase widened it to 650 feet at the 1700-foot
elevation. Between 1,800 and 3,200 feet elevation
the tornado was 1,500 feet wide. The total height
of the tornado cloud revealed in this photograph
was 4,000 feet. The tilt angle of the tip was 28°
to the north-northwest (the direction of view was
nearly toward west-southwest). The height of
the tornado cloud complex was virtually the same
as that in sketch 35, and the sketches between
were made from photographs taken either too
close or too far from the tornado to include this
height in the view. By this stage of the tornado
evolution, it is believed that the cloud base imme-
diately around this tornado was elevated above
the general cloud base, which allowed the camera
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to include this large vertical extent. Becﬂil‘fam‘
in sketch 38, 0.6 minute earlier, the dlsm; a0t
eraman (8.5 miles away) showed only 2
of tornado from the ground to the genera o
base; it is believed that the portion abog
level in sketch 38, but shown in sketch tog,fap
hidden by the general cloud base. The pl}o The
for sketch 39 was taken from 1.75 mllfesée con”
dense dust cloud was 70 feet wide in suri® on the
tact and extended to a height of 600 f‘??it The
left (south) side, and was 350 feet wi :-height
less dense portion extended on upw_a,rd t.Ot ot 3
of 1,300 feet and was 1,000 feet In W1 Vris 7
widest. Large and small chunks of dfl gt clov
flying in and around the lower, dense .
and some were as large as 20 feet'acrOSS-e "

The shape of the tornado at this stag ot of
to be an unusual one. The lower 1,70 revol
smooth funnel, resembling a surface O 2 cloud
tion, did not fair smoothly into a'gene;' the 0%
base, but ended abruptly at a portion © ximmt"1
nado cloud complex which was “pp-r(;h of the
four times wider than the 400-foot WIGEL  per
funnel at the elevation of the arrow. | der with
2,300 feet nearly resembled a eylind® . gen-
ragged edges. The writer has not seen
ture in any other tornado photographs' the to¥"

The elevation of the cloud base aroul ado PP
nado observed in some of the Dallas tornior par®
tographs, and mentioned in the second P generﬂl'
graph, may be a feature of tornado.es in torn”do ,
This has been noticed in several series © [5] ad
pictures, including the Scottsbluff Seﬂ?;—third of
was observed to occur in about the M1 1
the tornado life cycle. as 1o

Photo No. 23 }i]n the section by Bee‘f;f ;"; e
cated almost at the position of Sketlc J see b0
thinly tapered tip in sketch 39 wou

resemble the closeup shown in photo No.

Sketch 40 came™

The direction of the tornado from th; of west”
man in sketch 40 was a little northwar'lt to thg
southwest, The trunk retained the tl8:: t0 9
north but the angle changed from 2 Lrun be”
from the vertical. The profile of the1 g ugh
came smoother and the trunk surfac® gescended
than in the last sketch. The tip had thet the
to 220 feet from the ground. ok')serv‘g . 700
smooth portion of the trunk t,ermlnfltes n ¥
feet, which was the same level a8 m

clO"‘d
that



That .
hg Onli':;rtlon of f@le tornado above 1,700 feet was
Sketg), « " ¢ylindrical in appearance as it was in
" the y InSteufi, large indentations appeared
Side (I‘iglljseg bortion at 2,700 feet on the north
Souty sid -hand side) and at 3,000 feet on the
tipg te (left hand). The shape of the cloud
gesting t}lle edge of this portion was curled, sug-
M 2700 fee presenc.e of shear eddies. The width
Pareq ¢, 1e5to eleVatlf)n was about 1,350 feet com-
S very o 0 feet in the earlier sketch, The tip
f 11 o enderly tapered and the trunk widened
370 oa :tt at the 950-foot elevation, and then to
bee, More tthe 1,700-foot level. There may have
Otogpy, h"f‘n&do cloud above 4,200 feet but the
Wag relut}) ended at that level. The dust cloud
fage contavely small and of low density. Its sur-
of oet ¢t area was 190 feet across (an increase
55 MOV_GI' the last sketch) and it widened to
) e eV;?:g S at the widest and could be detected
g g ]’lon of 650 feet. Considerable over-
the Sout S10wn and a shear eddy appeared on
Chunjeg ;)f sde (the left-hand side). Many small
Aboyg 41, ©°OMIS Were visible up to about 350 feet
& ground
Slcetch i )

The .

beg an?;rowmg of the lower portion that had
of sketely 8 place in this tornado since the time
the ¢; o 27’ 24 minutes before, had ceased by
Very sloner SKetch 41, The tip, which ws still
O the r ST and pointed, was only s little higher
fro iound. than before; its tilt angle was 28°
Skefch, Vertical, an increase of 9° over the last
Cight op gr, 20K Was only half as wide at
h“"ing de. 50 feet as it was in the last sketch,
1’550-f00t01r eased from 110 feet to 50 feet. At the
"N o el ove L it was only 110 feet in diameter
The vep, Evation 2,000 feet, it was 530 feet wide.
Ceas, 1Al extent, of the smooth trunk had in-
feet, O™ 1,700 feet in the last sketch to 2,000
mentimee “‘d?ntations into the upper portion,
of th tor earlier, continued to invade that part
The Min; "4do ang effectively reduce its diameter.
ow ¢, y”gum diameter in the upper portion was
te em-;ﬁio fe.et, whereas in sketch 39, only 0.7
250 fer, 1t had been 1,500 feet wide. At
Photogyy 1 et of the tornado were visible in this
M the ap Y Which was just about the same as
*tably mst Sketeh, The dust cloud was consid-
With'gg °T¢ dense than in the Jast drawing, but
feet to it top it had not increased in

height. It had only & 70-foot-wide surface con-
tact area, but widened rapidly to 470 feet. It was
nonhomogeneous and showed evidence of turbu-
lent eddies. The portion of the tube below 1,000
feet tilted 28° from the vertical toward the north;
from other pictures taken near this time and from
another point of view, it was determined that the
tornado was also leaning with a component

toward the photographer.
Until about this stage the tip of the tornado as

well as its ground-based dust cloud lagged to the
south of the upper part of the tornado. Now the
tip and top began to have an east-west separation
as well that continued to increase until the time
that the tornado core began to shrink along its
length. The effect was to have the tornado mov-
ing in & direction at about 45° from its long

dimension.

Sketch 42

The tip of the trunk lifted in sketch 42 (at
1652.6 cst) to 700 feet above the ground (from
270 feet) so that only 1,200 feet of smooth trunk
existed at this time. Three hundred feet above
the tip the trunk width was 50 feet, and at the
1,100-foot level above the ground it had widened
to 140 feet. At the top of the smooth portion the
diameter had decreased somewhat, the smooth
bulge of the prior sketch disappearing. The por-
tion of the tornado above 1,900 feet had suffered

further inroads on its diameter. At the 2,900-
foot level, there was a diameter of only 680 feet,
whereas in the previous sketch the diameter was
850 feet in that region. The total effect was a
widening below 1,600 feet and a narrowing above
that level. Although the indentations in the up-
per portion were cutting into the tornado cloud
there, what was left at the upper level began to
resemble an extrapolation of the lower smooth
portion based on a constant increase of width
with height. The disk-shaped cloudform between
1,900 and 2,700 feet was 2,100 feet across and in
one form or another had existed since sketch 40,
a lapse of 0.5 minute. The left and right edges
of the disk-shaped cloudform had downward-
turning cloud tags which suggested shear in those
regions, with relatively stronger upward airflow
at smaller radii than the cloud tags. Other curled
cloud tags suggested turbulent eddies. The cloud
ceiling near the tornado appeared to remain near
4,000 feet. The funnel was considered to have
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Ticure 2—Sketches 40-44.—The tornado thinned and retracted through sketch 42, then revived and returned to the ground between v-sket,chm 43 and 44. 1t

had become considerably taller than when it started. Note the cumuliform clouds in the background.

in sketch A4 for comparison with the tornado.

A square city block, drawn to scale, has been inserted
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A this :gﬁp‘)nent of tilt toward the cameraman
dense I)Ort(ia’ Th? dust cloud was larger, with the
dense Pt on being 700 feet high and the less
&royy, €Xtending up to 1,000 feet above the
Part, espe Arge eddies were indicated in the upper
tp), “lally to the left (to the south of the
ace COnotverh““g was evident as usual. The
Ster, an d Act area remained at 70 feet in diam-
0 the e ftm’;ny large chunks of debris were seen

i Stao the dust cloud up to about 250 feet.
Shl‘ink&ge 8¢ marks the end of the temporary
01 the funnel that had been in progress

Singg g
e myj
of sketchrg}zdd]e of the large elephant-trunk stage

&]cetch 43

The g:. ..
Sket, 4(;11?01‘101} to the tip of the tornado in
700 ee a“ 8s directly west, Whereas the tip was
! reSum(;‘g; the ground in the last sketch, it
Lo Smoot), o ¥ returned to the ground here and
st 9 gx ection of the trunk had risen to at
'n leateg ¢ et flbOVe the ground, This sketch
Mhady 1(: begl{ming of the enlargement of the
The trimj " continued for the next few sketches.
L had 4 o above 1,900 feet, was straight, although
e o ;)Imponm}t of slant toward the north of
WSumeq o m} vertical. Below that the thin tube
I a ens tallow “S”.shape, Another photo-
90king tow a8t very nearly the same time, but
that t?;e t“ ard the north at the funnel, showed
Olieng, of E‘]e above about 500 feet had a com-
only 3 a 1t toward the east also. The tube was
Naller tlet ACross at the 850-foot level, and was
Wideneg tan that at lower levels. Above that it
and ¢, 9'0 200 feet at the 1,750-foot elevation,
chunks OfO fe(?f’ at the 2,350-foot level. Small
f‘long \ ebris were seen nearly 1,500 feet high
I th pr? trunk, Not much detail was visible
Cloy Se nt‘ above 2,350 feet, but the disk-shaped
Doing " I sketch 42 was either gone or the
Might 1, V8w made it unidentifiable. Some of it
the B Ve been to the left of the trunk above
With fp, }f}(l"ot level. The dust cloud tilted over
feet in} An lower tube and extended to 1,050
.treeto "e1ght; it was 530 feet in diameter at the
lndicate;i t was nonhomogeneous in texture and
th ase shear eddies along its edges as had been
clog With the other photographs where the
id nep was shown. Just why the dust cloud
have 1. C¥tend all the way up the funnel might

een . . . :
& function of the vertical wind veloci-

dugg

ties found in that region. The other photograph
showing the funnel tip from the south and at
nearly the same time revealed large chunks of
dwelling up to 200 feet above the ground.

Sketoh 44

The time of sketch 44 (16563.6 cst) was 0.8
minute after the last sketch, and the direction of
view was shifted to one toward the north. This
view indicated how far the top of the funnel
extended to the east of the tip, a distance of 900
feet. The tilt toward the east was 25° from the
vertical. The trunk rose from a 50-foot-wide
vertical tip into a gradually widening and slant-
ing portion that became 240 feet in diameter at
an elevation of 2,300 feet. The vertical extent of
the tornado cloud complex amounted to 4,000 feet.
It widened rapidly above 2,300 feet into the upper
associated cloud system which was 3,000 feet
across in a west-east direction. The dust cloud
was dense to a height of 280 feet and had a sur-
face areq 200 feet across. The less dense portion
was about 1,000 feet wide and extended upward
to the 1,775-foot level. Overhang and evidence
of turbulent eddies continned to characterize the
dust cloud.

Photo No. 24 in the section by Beebe was lo-
cated about halfway between sketches 43 and 44,
along the tornade path. The portion of the tor-
nado in the photo clearly resembles the lowest

part of sketch 44.

Sketeh bb

The direction to the tip of the tornado in sketch
45 was nearly northwest. By examining other
photographs, it was found that the funnel was
tilted in a direction nearly parallel to the plane
of the picture, but with the upper part a little
closer to the photographer, so that the direction
of tilt was actually toward the northeast. There-
fore, at this time the tornado was traveling in a
direction about 45° to the left of its direction of
tilt. The angle of tilt above 600 feet was 35°
from the vertical. This allowed the tip to lag
1,800 feet southwest of the position where the
tornado trunk joined the associated cloud at about
a height of 3,000 feet. The trunk was 40 feet
wide at the height of 370 feet, widened to 250
feet at an elevation of 1,400 feet, then to 700 feet
in width at the 2,400-foot level, an increase of
nearly 450 feet at that level. The trunk had a
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TIGURE 2 —Sketches 45-49 —The tornado ended its temporarily revitalized stage in sketch 45, and began its final retreat into the parent cloud. In this process

it became very siender and long. Mote the stratus clouds low in the background.



rather
e
Ven taper but showed some degree of

Tough
abo§e I;ises_ The cloud ceiling was over 4,300 feet
elow aboft";““d- Note that the tip was vertical
Was gg £ 0_0 feet in elevation. The dust cloud
®rate]y eet Wide and 850 feet high and was mod-
the Jogy frgse' Note the odd-shaped extension to
One-temh M the top of the dust cloud. One and
o Of the :t‘lfl’llutt?s elapsed since the last sketch.
hig o re Plctures collected of this tornado,
Porgyy en Presents the greatest extent of the tem-
st&rted it llrg?ment of the tornado just before it
$ shrinkage to extinction.

S Ice tc ]L 46'

In g
the l;::h 48, 0.6 minute later (at 1655.3 csT),
fl(’rtllweSt 0N to the tip shifted toward west-
g W g S0 that the 35° tilt in the prior draw-
UDpep partppﬂrently decreased to 25° here. The
t?“’ard ) of the trunk was leaning a little more
tip hag life ¢ameraman than in sketch 45. The
T}}e tr ted to 470 feet and was rather stubby.
(ittle a Was 140 feet wide at the 850-foot level
1n diametelge from No. 45), widened to 400 feet
feet ar ' at the 1,750-foot level, and on to 700
L1500y ) CLoVation of 2,650 feet. Below the
dust ou evel the trunk and tip along with the
frupe as desc"i.bEd a shallow “S”-curve. The
Wov, 1,000 €Coming rather rough on its surface
rot&tiné ar feet. Peripheral cloud tags still were
t ro ggzld the upper part of the trunk, but
T 8 prominent as they were before
N hf’ low-level dust cloud was 470 feet
tat s €N Wi(;VIdth of only 80 feet near the hori-
Uning . ened to 380 feet in diameter, main-
ed uﬂl‘gtfe degree of overhang. Light dust
: Outlii 0 1,750 feet as shown by the sca.l-
oan With & It was 1,200 feet across and 1t
tts per i the trunk. A large eddy showed on
tlouq 5, . "'8NE extremity. The tilt of the dust
not 5 .cMed that the entire vortex tilted and
the core alone,

Sketch 47

One
of i)

r

ﬂni fom"tenths minutes later, sketch 47
, here ;’mado'trunk at an increased aflgle
rection mﬁu‘}tmg to 45° from the vertl'cal.

northy o% View t? the tip was 325° or just
) 0 was fSt- 'The direction toward which the

B of 1o ¢ eaning was estimated to be & little

but Shopg) rtheast. The tip was off the ground,
*¥ before this a color slide showed the

trunk extending below the tops of a row of trees
and most likely touching the ground; however’
the color-slide photographer was closer to the tip,
and the lighting was more favorable at his loca-
tion. Nevertheless, the photograph for sketch 47
showed the tip as having been nearly 800 feet off
the ground. The trunk was 65 feet in diameter
at the 1,150-foot level (note the bend there),
widened to 200 feet at 1,950 feet elevation, and
at 3,000 feet it was 650 feet across. The tip lay
2.200 feet southwest of the center of the funnel
at the 8,000-foot level. The funnel by now was
shrinking again and its surface was yet rather
rough. There was a hint that above the 3,000-
foot level the trunk had started to return to the
vertical attitude. Some small peripheral cloud
tngs were seen in the photo around the upper
portion of the trunk. The dust cloud, if it did
exist, was not visible in this exposure. The tip
was over Bachman’s Lake at this stage.

Sketeh 48

Sketch 48 (at 1657.3 cst) showed a consider-
able change in the tornado cloud system since the
last sketch. At this stage the straight portion
of the trunk lay at an angle of 50° from the verti-
cal and the direction from the tip to the top was
townrd n bearing of about 25°. The direction of
view was toward 280° and the top of the tornado
was leaning toward the cameraman as well as to
the right in the plane of the picture. The tube
was smooth except in the wider portion a little
above and below the 2,000-foot level, where the
surface was quite ragged. There was some sug-
westion that this ragged portion had started at &
lower level and had traveled upward along the
tube. The dark cloud accompanying the top of
the tornado which early in the tornado lifetime
was rather extensive, had become smaller and
appenred less dark in the picture from which this
sketch was taken. The tip was 700 feet above the
ground at this time. The trunk widened to 50
feat at the 1,330-foot level, was 200 feet in diam-
oter in the rough region at 2,000 feet above the
ground, then decreased to 120 feet between there
and the collar-shaped cloud. The collar-shaped
clond was 1,000 feet across. The tip lay nearly
9,500 feet horizontally from a point under the
top. The trunk had a shallow “S” curve from
top to tip. According to computations the tip
was just a short distance north of the north shore
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's Lake. Another photo, taken just
:Z g\aec}g;ar;eached the south sh(?re of the lake,
showed the tip apparently reaching the ground,
and it was nearly vertical in the first .few hundred
feet above the ground. Six-tenths minute elapsed
after the last sketch. If any dust or debris cloud
existed it was not visible in the photograph.
As indicated in the discussion of the last sketch
the upper portion of the tornado was returning
toward a vertical alignment.

Sketch 49

In sketch 49, the trunk thinning process con-
tinued and, in addition, the horizontal projection
of the trunk on the ground had increased from
2,500 feet to 2,900 feet in length. The tip was
still 700 feet from the ground, the nearly hori-
zonta] portion was 1,300 to 1,500 feet in elevation,
and the top was nearly 3,100 feet high. Only the
portion above 2,200 feet exhibited a rough sur-
face. Note that the collar-shaped cloud that was
around the top in the last sketch no longer
existed. The dark cloud accompanying the top
of the tornado had again decreased in size. The
tip section lay at an angle of 60° from the vertical
and the portion above the 2,000-foot level had an
angle of 22° from the vertical. The horizontal
part was 1,000 feet long. At this stage a color
slide showed that the portion in the vicinity of
the 1,900-foot level had the hollow structure often
associated with waterspouts [7]. This tornado
tip, as mentioned before, had just crossed a small
lake a short time before, but it had crossed the
short dimension (amounting to 0.3 mile) and so
had spent little time over the water. Witnesses
claimed that the tip disturbed the water consid-
erably [3], but it is unwise to state that this short
time over the lake could have imparted water-
spout characteristics to the tornado. The tube
was very narrow here, being only 85 feet across
in the center of the horizontal portion and in-
creasing to 45 feet farther up the tube near the
upper bend. At the 2,500-foot level it was 180
feet wide and at 8,000 feet it had a diameter of
440 feet, just the size of a city block (%2 mile).
The stability of this vortex seemed remarkable in
that it existed with such a narrow taper with such
length, which at this stage amounted to 4,000 feet
in the plane of the picture.

Near this same time other photographs taken
from south of the tornado (looking north)
showed that the bent funnel did not lie in a single
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vertical plane. For example, the part of ta:dﬁ:he
nel above about 1,800 feet was leaning toW r P&
cameraman for sketch 49, and the othe metri”
below that elevation appeared as & nons.yft‘:lre for
cal corkscrew lying in the plane of the pic , ghow*
sketch 49. Evidently other tornado plc'ﬂ;lrese Joo¥”
ing the kinked or curled-up form are t oet
ing parallel to the nearly horlzontal’hyt would
tube; a photograph at right angles to t at o cad®
straighten out many of the kinks (as W88
for the stage of sketch 49). s the
Another interesting observation con(clie nded
parent cloud from which the tornado deP® ™.,
As the tornado moved northward thr}(lmgpareﬂt
city the extent and the blackness of the havisg
cloud decreased. Several photographs oud
both the main tornado and the funnel cntually
the east of it in view (the one that 01:7: porth”
dipped to the ground a few times 1B ¢ Jarke
central part of Dallas) showed thf}t the ith the
cloud area eventually became assos:late Toud ared
funnel cloud and that the immediate Z acam®
associated with the dissipating tornd ‘t)rue that
lighter with time. It undoubtedly 18 gunctio®
the darkness beneath a cloud system 18 & 2] o% b
among other things, of both the vertic systel’ﬂ
and the liquid water density of the clou thunde”;
(for example, the blackness beneath the ontrasted
storm that ever