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Abstract
During the spring of 1924, U.S. Weather Bureau
meteorologist LeRoy Meisinger conducted a series
of experiments with a free balloon to determine the
trajectories of air around extratropical cyclones.
The 10th flight in the series ended with a crash of
the balloon overcentral Illinois. Both Meisinger and
the pilot, Army Air Services Lt. James Neely, were
killed.
An effort has been made to reconstruct this
accident using information from a review article by
early twentieth-century meteorologist Vincent Jakl
and newspaper accounts of the accident. The principal results of the study follow.
1) Meisinger's balloon was caught in the downdraft
of a newly developed thunderstorm over the
Bement, Illinois, area on the evening of 2 June;
2) a hard landing took place in a cornfield just north
FIG. 1. Meisinger (with cap) and Neely (hand on rope) in the balloon basket just
of Bement, and loss of ballast at the hard- P rior t 0 launch from Scott Field, Illinois, on 2 June 1924. The small dark balloons
landing site was sufficient to cause the balloon attached to the foot ropes are pilot balloons.
to rise again; and
3) after rebounding from the ground, the balloon
with the two aeronauts aboard was struck by lightning. A fire track the air movements around extratropical cyclones
resulted that burned through the netting and led to a crash four (Meisinger 1924). He proposed to do this by flying free
miles northeast of the hard-landing site.
balloons at constant elevations in the vicinity of these

1. Introduction
LeRoy Meisinger was a meteorologist for the U.S.
Weather Bureau following World War I. He made great
strides to bring the science of meteorology to bear on
the needs of aviation. A short biography with emphasis on his research accomplishments has been written
in a companion paper by Lewis (1995).
In early 1924, Meisinger outlined an experiment to
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weather systems. The Bergen School had unveiled
their ideas about cyclone structure to the world community, and this was a propitious time to make complementary observations in the upper air. Ten flights were
made during the spring of 1924, between 1 April and
2 June. The final flight ended in tragedy—both
Meisinger and his Army Air Service pilot, Lt. James
Neely, were killed when the balloon crashed over
central Illinois.1 Both aeronauts were 29 years old at
the time of their deaths. They are pictured together in
Fig. 1 as they prepared for the launch on 2 June.
In this paper, an attempt is made to describe the
events surrounding this scientific ballooning accident.
The official accident report has not been found despite
1 James Thomson Neely was a lieutenant in the Army Air Service and
a resident of Philadelphia at the time of his death. He had flown with
Meisinger on all flights in the 1924 experiment except the first one.
He also served as a balloon pilot during WWI and took part in three
national races (1919,1922,1924). Lieutenant Lawrence A. Lawson
was the pilot who accompanied Meisinger on the first flight.
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a conscientious effort to locate it at a number of military
and civilian institutions. Fortunately, Vincent Jakl, a
Weather Bureau meteorologist who summarized the
results of the balloon experiments (Jakl 1925), showed
the barometric trace from the 2 June flight in his review
paper. He also quotes from Meisinger's logbook,
which was recovered at the accident scene. Figure 2
shows a photograph of Jakl in the mid-1930s when he
served as weather forecaster for the stratospheric
balloon flights Explorer I and II. In addition to Jakl's
paper, accounts from local and national newspapers
have been combined with information from residents
of Bement and Monticello, Illinois, the towns closest to
the accident site.
Prior to reconstructing the events of 2 June 1924,
some background is given on the operation and component parts of the free balloons used by Meisinger.

2. Free-balloon characteristics
Since the discussion of the balloon crash will involve the use of technical terminology associated with

FIG. 2. V. E. Jakl, the bureau meteorologist who reviewed
Meisinger's work on the scientific ballooning experiments of 1924.
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free ballooning, a short discussion on balloon components and the operation of a balloon will be given. A
schematic diagram of the free balloon is shown in Fig.
3, and Fig. 4 shows the picture of a balloon in flight.
Details on free ballooning in the 1920s can be found in
Upson and Chandler (1926).
Upson and Chandler describe the following:
The gas bag is usually made in a single envelope of spherical form, with a valve at the upper
apex, and an "appendix" or neck at the lower.
The fabric contains the gas subject to free
expansion through the appendix, which always
hangs open during flight. The entire load is
taken by the net which terminates at the bottom
in "foot ropes" that lead down to the "load ring"
[also called the suspension hoop] just above
the basket. The usual controls available to the
pilot are as follows: Ballast for upward control
(usually sand in bags of -30 lbs. each), Valve
for downward control (operated by a white cord
usually hanging straight down through the appendix). Automatic closing springs keep the
valve normally shut, Rip-panel for landing (operated by a red tape that passes up through a
separate sleeve)... By pulling the red tape, the
rip panel is torn out and the balloon deflates
quickly, usually in less than 1 minute. . . . The
drag rope is a long heavy rope [that] serves as
automatic ballast at low altitudes. It is usually
kept rolled until landing time.

FIG. 3. Schematic diagram of the free balloon and its component
parts. The envelope has been scaled down in size relative to the
basket to accommodate a detailed view of the components below
the envelope.
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During the 1920s, hydrogen and coal gas were the
principal gases used for ballooning. Helium was rare
and accordingly expensive (Chandlerand Diehl 1926).2
The balloon flown by Meisinger and Neely was filled
with hydrogen. As discussed at length in Chandlerand
Diehl, accidental ignition was possible through a variety of causes. In their section on "Ignition While in
Flight" they say, "The few cases of free balloons
ignited while in the air have been due to lightning."

3. Preparation for the 2 June flight
a. Brief review of previous flights
In his original plans for the balloon project, Meisinger estimated that he would make approximately 15
flights from Scott Field in southern Illinois beginning on
1 April 1924 (Meisinger 1924). Nevertheless, he decided that the 2 June flight, his 10th, would be the last
in the series [American Meteorological Society (AMS)
1924, p. 82]. As discussed in Lewis (1995), the results
of the balloon project fell somewhat short of expectations. That is, Meisinger was unable to get data at
constant elevations around cyclones for extended
periods of time (the order of 12-24 h). This was due to
the primitive state of balloon technology and the
unsettled weather of spring 1924 in the central United
States. For the last flight Meisinger would use an
80 000-ft3 capacity balloon, the largest yet used in the
series of flights. The army made a special, lightweight
balloon, type S-3, available for this ascent. This balloon had been built earlier for an uncompleted attempt
to exceed the altitude record of 39 700 ft that had been
attained by a Frenchman in an airplane (Kennedy
1987, p. 49). During construction, the weight of the
balloon was reduced as much as possible by constructing the envelope from rubber-coated silk fabric,
which had about half the weight of conventional rubber-coated cotton balloon material. The balloon would
be filled with hydrogen just as was the case for
previous flights. He hoped to be able to stay airborne
for 48 h (AMS 1924).
Although Meisinger had one long flight of -23 h
(680 miles) on 1-2 April, it was associated with an
anticyclone. The closest he had come to following
trajectories around cyclones was his second flight,
which ended up in Palmyra, Ontario (470 miles), on 12
April. This trajectory, however, was well south of the
low center, and the altimeter record showed that
constant elevation (around 3000 ft) was maintained
for only a few hours at a time. The fourth flight (23-24
2The price of

1000 ft3 of helium was $104.00 as late as 1920. Due to
improved efficiency, the price dropped to $7.10 by 1933 (Van Orman
1978, p. 27).
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FIG. 4. U.S. Army Air Service free balloon, type S-3, flying at an
altitude of 5000 ft above ground level. Meisinger used this type of
balloon in his 1924 experiments. The dark line extending downward
from the basket is the drag rope.

April) showed promise of obtaining data in the northeast quadrant of a cyclone, but thunderstorms over
Wisconsin made it necessary to terminate the flight
after traveling 426 miles. The account in Jakl (1925)
states that, on 24 April, heavy static blocked the radio
reception, and violent shocks were received by Neely.
These suggest that lightning was flashing somewhere
in the vicinity and that very strong electric fields existed
around the balloon. The details on all 10 flights are
found in Jakl's paper.
b. Instrumentation for the flights
In Meisinger's description of instrumentation to be
used in the free balloon experiments of 1924, he says,
"As part of the instrumental equipment an Assmann
aspiration psychrometer will be carried as well as a
barograph element of a kite meteorograph. The object
will be to keep an accurate record of the temperature
as indicated by a thermometer and of the pressure as
recorded by a sensitive and carefully calibrated
barograph" (Meisinger 1924).
The only detailed information available to us on the
altitudes achieved during Meisinger's last flight comes
from the pressure record in the article by Jakl (1925).
This record was obtained from a Marvin meteorograph,
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a standard upper-air instrument that was developed
by Charles Marvin, master craftsman of instruments
for the U.S. Weather Bureau (later National Weather
Service) and its chief (1913-1934). The meteorograph
was typically attached to the ropes on the free balloon,
between the suspension ring and the basket (Chandler and Diehl 1926, chapter 1). It was a sturdy
instrument with an exemplary record of performance
on the bureau's Hargrave kites that were used to
measure upper-air thermodynamic parameters and
wind speed until -1930 (Grice 1992). As stated by
Willis Milham in his text on meteorology,
The meteorological record [from the Marvin
meteorograph]... is kept on one sheet of paper.
. . . This keeps a continuous record of time by
means of an accurate chronograph, of the atmospheric pressure by means of a Bourdon
aneroid, of the temperature of the air by a
metallic thermometer. . . . The complete apparatus is enclosed in an aluminum case to protect
it from accident. . . . Although kites sometimes
break away, yet no injury has occurred to any
meteorograph in the course of 1500 ascensions
(Milham 1929, p. 49).

The pilot had an altimeter and rate-of-climb indicator to aid him in controlling the balloon.

4. Synoptic weather for flight
a. Discussion based on charts from the 1920s
In the U.S. Weather Bureau's regular publication
Topics and Personnel (U.S. Weather Bureau 1924),
the following statement is found: "Preparations [for the
last flight] had been completed for some three or four
days, during which the start was delayed because of
unfavorable weather and, later, the necessity of freshening the supply of hydrogen, owing to high diffusion
through the balloon fabric. Doubtless impatient at
further delay, Doctor Meisinger and the pilot, Lieutenant Neely . . . incurred some risk of thunderstorms
[showers] indicated in the weather forecast for the
night of 2 June and left Scott Field about 4 pm thatday."
During the 1920s, the U.S. Weather Bureau produced two surface weather charts each day, valid at
0800 and 2000 EST (Whitnah 1965).3 Paying particular attention to the charts from Wednesday, 28 May
through Wednesday, 4 June (not shown), the following general statements about the weather can be
made: Although the strengths (central pressures) of
3Whitnah indicates that there were general forecasts twice daily until

1939 when they were increased to four times per day (pp. 83,155).
We assume there were two analyses each day in the 1920s, but we
have only been able to locate copies of the 0800 analysis.
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the lows and highs that traveled through the midwest
and eastern United States were relatively weak during
this period, the weather was characterized as transitory (unsteady). That is, maritime polar (mP) air masses
moved from the northwestern United States down
through the midwestern states. The Gulf of Mexico
was alternately "open" (southerly flow from the gulf)
and "closed" (outflow of the colder/drier continental air
into the gulf). In this regime, the air that returned to the
midwestern states could be typified as modified continental air, certainly warmer and more moist than the
mP air that moved down from the northwest, but by no
means characteristic of the tropical air that is generated over the southeastern gulf and Caribbean.
Figure 5, the synoptic map for the morning of
Monday, 2 June, showed a weak low pressure center
over Minnesota with evidence of widespread showers
and some embedded thunderstorms from the Texas
Gulf Coast up through the Mississippi Valley and
eastward. (The precipitation areas are depicted by
shading on Fig. 5.) The forecast statement for Illinois
attached to the map reads as follows: "Fair in the south
and showers in north portion tonite and Tuesday." One
of the bureau's top forecasters, Charles Mitchell of the
Washington, D.C., office, "had advised delay till the
next day (3 June), when better conditions were expected" (AMS 1924, p. 81). The synoptic map for the
morning of 3 June is displayed in Fig. 6 and indicates
that the low pressure center moved over southern
Illinois and Indiana. Mitchell's admonition to wait another day, however, would not have resulted in better
conditions. The low pressure center tracked eastnortheast, and the surface weather reports indicated
thunderstorms on the evening of 3 June in the vicinity
of the low. [The navy's airship U.S.S. Shenandoah
was buffeted by this storm as it moved up through
Pennsylvania and New York on 4 June (Washington
Post 1924).]
b. Discussion based on reconstructed synoptic
charts
An effort has been made to redraw the surface
charts in accord with current practices, that is, depiction of fronts and features associated with mesoscale
convective events. We suspect that there are inaccuracies, especially with regard to pressure gradients,
since only wind directions were given on the charts
from the 1920s. Using analogs (from the 40-yr collection of upper-air charts at the National Severe Storms
Laboratory) in conjunction with climatological thickness patterns in late May and early June, a 500-mb
chart has also been constructed for 2 June 1924. The
surface charts are shown in Figs. 7-8 and the upperair chart is displayed in Fig. 9.
The 500-mb pattern shows a weak omega block
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FIG. 5. The synoptic map distributed by the U.S. Weather Bureau on the morning of 2 June 1924 (0800 EST). The path of the balloon
from Scott Field to east-central Illinois is superimposed on the synoptic chart. Insets show wind observations at Peoria and Springfield,
Illinois, on the evening of 2 June. The tephigram in the upper left corner was obtained from instruments aboard a kite at Royal Center, Indiana,
on this same evening. The position of Royal Center is shown on the map as "RC" and the site of the crash [Bement (BMT)] is denoted by
the encircled dot next to the balloon. The"+" on the inset is the location of Macon, Illinois (MCN).

anchored between Hudson Bay and the Great Lakes.
Flow splits over the western plains, which would allow
a series of weak storm systems to move across the
eastern United States in the southern branch of the
flow. This pattern would dictate unusually cool temperatures over the eastern two-thirds of the United
States; these are in evidence on the surface charts
(Figs. 5-6). As short waves moved through such a
pattern, unsettled weather and thunderstorms would
tend to occur. However, with a stationary front in the
southeastern and northern gulf (Figs. 7-8), very warm
and moist tropical air would be kept out of the central
United States weather scenario.
Examination of Figs. 7-8 shows the weak low
pressure center in Minnesota moving down through
Illinois/Indiana as the Canadian high and associated
Bulletin of the American Meteorological Society

front push southward. Based on the wind directions
and evidence of thunderstorms, mesoscale pressure
features are superimposed on the 3 June map over the
Illinois/Indiana region.

5. Meisinger's last flight
The U.S. Army S-3 balloon with Meisinger as scientific observer (and copilot) and Neely as pilot was
launched at 1610 CST 2 June 1924 from Scott Field,
near Belleville, Illinois. There is no clear record of what
happened later on that day. We have the track of the
balloon over Illinois, shown in Fig. 5, but have not been
able to find the logbook carried by Neely and Meisinger or the report of the board of inquiry that appar217
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FIG. 6. Same as Fig. 5 except that the time is 24 h later. On both synoptic charts, the shading covers regions that received 0.01 in. or
more of precipitation in the previous 24 h. Sky conditions (cloud coverage) at each station are indicated by the amount of black fill inside
the circle. The letters "a" and "p" next to a weather symbol indicate an event that occurred during the 12 h ending at 0800 or 2000 EST,
respectively.

ently was convened after their deaths. While an abbre- apparently was not familiar with ballooning. He drew
viated account of the flight was later reported by Jakl some conclusions that now seem unlikely in light of
(1925), he did not examine the details of the flight and later thunderstorm encounters by other balloonists.
The contemporary newspapers, however, gave extensive coverage to the accident. Use of those reports
and of Jakl's account, coupled with knowledge from
later balloon flights, has allowed us to reconstruct the
probable sequence of events. The following narrative
is our interpretation of these events.
To facilitate the discussion, we have reproduced
the barometric trace of the flight from Jakl's paper (Fig.
10 in Jakl 1925). The details of Jakl's reproduction
have been preserved, but the vertical scale has been
reversed to conform to established convention, and
notations have been inserted. The reproduction is
shown here in Fig. 10. The heights on the chart are
measured relative to station elevation at Scott Field
(430 ft MSL). Thus, a reading of 1500 ft is 1930 ft MSL.
FIG. 7. Reconstructed surface chart corresponding to Fig. 5 (map The altitude of the terrain around the crash site is
about 700 ft MSL.
reconstructed by R. A. Maddox).
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FIG. 9. An estimate of the 500-mb geopotential field on the
FIG. 8. Reconstructed surface chart corresponding to Fig. 6.
Since wind speeds were not given on surface charts, the wind morning of 2 June 1924 (map analyst: R. A. Maddox). Geopotential
symbols indicate direction only. The thunderstorms occurred during lines are labeled in units of dekameters, where the range for each
the 12-h period from 1900 CST (2 June) through 0700 CST (3 June) isoline indicates the uncertainty in absolute value.
(map reconstructed by R. A. Maddox).

The balloon was probably launched late in the day
to minimize the solar heating, which would require a
big ballast drop after sunset when the balloon cooled.
After the launch, the balloon rose slowly to an altitude
around 3000 ft above sea level and moved to the northnortheast (mean wind from about 210°). At about 1705
CST, the pilot carried out a trial maneuver, descending
to about 1000 ft at 1720 CST and then, after dropping
some sand ballast, rose back to 2500 ft by 1740 CST.
The balloon's altitude increased slowly thereafter,
reaching about 3600 ft by about 1905 CST (which
suggests that the gas in the balloon was heated by the
balloon's absorption of sunlight and that this effect
outweighed any leaks of hydrogen from the envelope).
Local sunset occurred around 1920 CST. [Times
for astronomical events have been obtained from
AstroSoft Computerized Ephemeris (ACE), copyright
AstroSoft, Inc., Hayward, California.] The balloon descended during the sunset period to an altitude of
about 1000 ft where the descent was checked, probably by the drop of more ballast. The crescent new
moon set around 1948 CST, leaving the balloon in
darkness when twilight ended around 2120 CST.
After hovering around the 1000-ft altitude level,
some ballast was dropped just before 2000 CST. The
balloon then rose to an altitude of about 5200 ft but
almost immediately started a slow descent back to the
1000-ft level where the balloon remained for about 10
min around 2100 CST. At 2110 CST, the statement
"Occasional lightning flashes in the distance" was
entered into the flight log. [The entries in the logbook
that are referenced in Jakl (1925) are shown in Table
1.] At about that time, more ballast was dropped,
causing the balloon to rise into a cloud over Macon,
Illinois, at the 5900-ft level by 2140 CST (see inset of
Bulletin of the American Meteorological Society

Fig. 5 for the location of Macon). This new higher level
was not maintained; another more rapid descent of
about 300 ft min-1 started immediately, apparently as
a result of downdrafts associated with the cloud. The
descent stopped just south of Decatur, Illinois (located
approximately halfway between Macon and Bement),
at the 1000-ft level around 2157 CST with the drop of
about 30 lb of sand (the contents of one bag). The
mean wind from the launch at Scott Field to the
location near Decatur was about 16 mph.
We suspect that since the balloonists were in the
early stages of a planned, long-duration flight, it is
unlikely that they would have aborted the flight on the
basis of the infrequent, distant lightning observed at
night (log statement at 2110 CST). Also, when they
received the weather bulletin at 2218 CST, there was
no indication of any lightning nearby nor of any
electrical discharges from the pendent antenna, as

FIG. 10. A reproduction of the meteorogram from the 2 June flight.
The times lines are curved because the arm holding the recording
pen is pivoted about an anchor point on the Marvin meteorograph. The
"peck marks" between 2200 CST and midnight appear to have been
produced during the crash when the basket hit the ground. We
interpret the final, near-vertical marking on the record shortly after
2315 CST as a deflection of the recording pen on impact.
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TABLE 1.

Entries in logbook.

Time Altitude
(CST)
(ft)

Ballast
(bags)

Temp.
(°F)

Remarks

2110

—

—

—

Occasional lightning
flashes in distance

2140

5900

1

—

Over Macon.
In cloud

2150

3000

1

—

5 miles south of
Decatur

2218

1400

1

—

KSD Weather
Bulletin received

2248

7000*

1

36

Taking altitude to go
eastward and avoid
low

*7440 (corrected by Jakl)

was the case during their 24 April flight discussed in
section 3.

6. Problems caused by the weather
In Jakl's article (Jakl 1925), there is a discussion of
a wind shift line on the night of 2 June that was
detected by surface observations. These observations were taken at Springfield and Peoria, Illinois. We
assume that this wind shift line was associated with
the eastward movement of the trough of low pressure
(shown in Fig. 7) that extends through South Dakota,
Nebraska, Kansas, and Oklahoma. Jakl describes
conditions as follows:
At the time the balloon took off, weather was
unsettled and threatening over a considerable
area surrounding Scott Field, especially to the
northwest. A fairly well-defined but somewhat
distorted wind-shift line extending from Oklahoma to the Upper Lakes and passing to the
west and northwest of Scott Field appears on
the P.M. map of June 2 [not found]. By 7 A.M.
[0700 CST] on June 3 the wind-shift line had
advanced southeastward, and rains with scattered thunderstorms were reported for a large
region east of the Mississippi River. It seems
probable that the advance of the wind-shift line
over the path of flight of the balloon was responsible for the development of weather conditions
that caused the destruction of the balloon.

On an inset of Fig. 5, the passage of the wind shift
line at Peoria and Springfield is shown. At 2215 CST,
220

the surface wind shifted from south to northwesterly at
Peoria. At 2247 CST, the wind shifted from southwesterly to westerly at Springfield. On the other inset to Fig.
5, the upper-air temperature/moisture profiles from
the nearest kite station at Royal Center, Indiana, are
shown. These data were collected between 1409 and
1719 CST 2 June (Jakl 1925). Based on the surface
synoptic charts, one would expect the surface temperature and dewpoint over central Illinois to be higher
than those over Royal Center. On the evening of 2
June, estimated surface dewpoints over east-central
Illinois would be 60°F (15°C) compared to 55°F (12.5°C)
at Royal Center.
Referring back to the barometric trace in Fig. 10, it
can be seen that the balloon remained near the 1000ft level until 2218 CST while a weather report was
being received by the onboard radio from station KSD
(St. Louis). After receiving the weather bulletin, the
pilot apparently decided to gain altitude in an effort to
avoid the low pressure area ahead; he dropped another 30 lb of ballast, which caused the balloon to rise
at a rate of about 200 ft min~1. The last entry into the log
indicates that an additional bag of ballast was dropped
at 2248 CST at the peak altitude of 7440 ft along with
the statement, "Taking altitude to try to go eastward
and avoid low."
Instead of rising farther, the balloon began a rapid
descent shortly afterward, this time with a mean rate
of about 500 ft min~1. We estimate that the uncontrolled descent started at 2251-2253 CST. This estimated time and other times related to the disaster are
discussed separately in appendix A. Although there
were no further entries into the flight log, we infer that
the balloon was forced downward by an intense local
downdraft. In view of the later reports of rain, it is quite
possible that this downdraft was accompanied by the
onset of rain, which would have wet the balloon and
quickly made it heavier than the displaced air. In any
event, the downward momentum that the balloon
acquired was sufficient for it to continue its downward
motion even after the downdraft was deflected horizontally near the earth. [Appendix B of this paper
contains a calculation of the impact velocity (-2 m s_1)
by application of a simple force model.] We think that
the pilot dropped ballast [from the evidence, at least
one bag (BR 1924)4] during this later stage of descent
in an effort to stop the precipitous plunge, but the
downdraft was too strong. As a result, the balloon's
descent was unchecked and the basket holding the
4ln sections 6 and 7,

reference will be made to information contained
in newspaper accounts of the accident. To facilitate referencing, the
following abbreviations will be used: Bement Register (BR), Piatt
County Republican (PCR), Monticello Bulletin (MB), Washington
Post(WP), ar\6New York Times (NYJ). Standard citation information
is found in the references.
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two men struck the earth at 2308 CST with such force
that imprints of the basket and of the pendent sandbags were left in a cornfield on the Hendricks farm just
north of Milmine, Illinois (BR). Figure 11 gives a plan
view of the farm community around Bement including
the small town of Milmine. After the basket hit the
earth, the balloon, now freed of its weight, accelerated
upward and then jerked the basket back into the air.
During the impact, however, four sandbags and the
pilot's rate-of-climb indicator were dislodged and left
behind so that the load on the balloon was decreased
by another 120 lb (PCR 1924b).
After rebounding into the air, the balloon reentered
the downdraft above the boundary layer and possibly
collected more rain. It began to descend again, whereupon to avoid making another forced landing in total
darkness, the pilot made emergency drops of ballast
by releasing three full sandbags, one after the other.
These were found during the next week on the
Brandenburg farm, all lying along a line toward the
east-northeast, between the first hard landing and the
final impact, the sites of which were separated by a
distance of about 4.5 miles (BR 1924) (see Fig. 11).
The first bag had impacted about three-quarters of a
mile from the hard landing, the second about one-half
mile farther, and the third one beyond the second by
about another one-half mile. The mean wind speed of
the balloon basket during this time was 38 mph.

7. Disaster

parachute to his harness before the canopy opened,
because he fell to the earth and the parachute landed
about one-quarter mile farther on (WP 1924).
The balloon continued to burn aloft for another 10
seconds or so until the netting that connected thebasket
to the balloon burned through. The basket fell to the
earth from the final height of about 1200 ft and impacted
the earth about one-half mile from Neely's body (MB
1924a). The basket made a 2-ft-deep hole in the soft
dirt of the cornfield where it hit (PCR 1924b). Meisinger's
body was slightly burned but severely mangled and
was entwined in the basket support ropes, which had
to be cut before the body could be removed from the
wreckage (PCR 1924a). (This entanglement of the
support members is usually observed when modern
balloons fail at high altitude, allowing their loads to fall
free, trailing the balloon remnants behind them. It is
additional evidence that the basket with Meisinger fell
free from an appreciable height.)
The burning balloon overturned afterthe basketfell,
and this allowed the unburned hydrogen to escape. The
remnants of the balloon then collapsed into a smoldering streamerthatfell, balloon top downward, andlanded
about one-half mile beyond the basket. When it was
recovered the next day, it was found that the balloon
had been burned only on its underside (MB 1924a).
Meisinger's body, in the wreckage of the balloon
basket with the second parachute, was discovered
about 0630 CST the next morning when a worker on
the Ralph Wright farm went to the pasture looking for
the farm horses (MB 1924b). Shortly afterward a

The loss of ballast at the hard-landing site and the
emergency drops after rebound caused the balloon to
rise quite rapidly. Within two or three minutes it rose
-1200 ft above the terrain and was then struck by
lightning, apparently the first and only discharge from
a new cell that developed over the balloon. The
lightning ignited the hydrogen being spilled from the
balloon's appendix, starting a fire in the rigging and in
the lower part of the balloon. Observers on the ground
at Bement and on the Wright farm reported seeing a
bright yellow glow aloft immediately following a sharp
lightning flash. (PCR 1924a; BR 1924). From our
reconstruction, we infer that this discharge occurred
around 2314 CST. The lightning and the subsequent
peculiar illumination in the sky were reported to be in
the direction of the Wright farm where the debris from
the balloon was later found, about five miles south of
Monticello, Illinois. The discharge apparently passed
through Meisinger, killing him instantly and scorching
the liner of the shoepac he was wearing. His body fell
down in the basket while Neely, who was burned more
severely, grabbed his parachute and bailed out of the
basket. Apparently, Neely was not able to attach the

FIG. 11. The location of various farms in the Bement, Illinois, area
that are mentioned in the newspaper articles. This layout was
determined by Robert Bodman, trustee of the Bement Township
Library. He used plat books that were issued by the state of Illinois
for Piatt County in 1910 and 1927 to locate the various farms.
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search party found Neely's body on the C. J. Wright
farm about a half-mile to the west or southwest of the
basket (NYT 1924). His body was terribly burned
about the face and arms; one of the reports stated that
"every bone in his body had been broken" (PCR
1924a). The searchers then found his parachute about
a quarter mile to the northeast.
On Wednesday morning, 4 June 1924, the coroner
of Piatt County held an inquest at which a large
number of witnesses were heard. The verdict of the
coroner's jury was as follows: "We, the jury, do find that
Lieutenant James T. G. Thomson Neely and Dr. C.
LeRoy Meisinger came to their death either by a stroke
of lightning or by a fall from United States Army
Balloon S-3, on the night of June 2,1924, about 11:15
o'clock while in the discharge of their duties of the
United States Government" (MB 1924b).
The bodies of the two men were shipped to Scott
Field at Belleville, Illinois, on the afternoon of 4 June, with
orders to inter them in Arlington National Cemetery.5

8, Synopsis
a. Behavior of the balloon, caught in a developing
thundercloud
The balloon was apparently out of control from the
time it encountered the downdraft around 2250 CST.
First, it was driven downward despite the efforts by the
crew to rise with the hope of escaping the threatening
weather. The subsequent impact with the earth lasted
for too short a time for the crew to escape, and
attempts to separate the basket from the balloon
before rebounding are quite dangerous. (Maxie Anderson and Don Ida were reportedly killed in this manner
during the 1983 Gordon Bennett races during the
Bicentennial Celebration of Ballooning held in Paris,
France. They pulled the release pin to separate their
gondola from the balloon during an emergency hard
landing, but the mechanism bound up due to side
thrusts caused by the wind acting on the balloon. The
rebounding balloon jerked them upward about 130 ft
before the mechanism released, whereupon they fell
to earth and were killed.)
It seems clear that the weather continued to cause
Meisinger and Neely major problems after their hard
landing because, to stay aloft, they had to make
emergency drops of three full sandbags in addition to
the five bags that were released before and during the
crash landing. The ballast losses and drops after 2250
5Records indicate Neely was buried at Arlington Cemetery, but there

is no record of Meisinger's burial at this cemetery. The Monticello
Bulletin (1924a, front page) indicated that Meisinger's body was
claimed by relatives, and presumably burial took place in Lincoln,
Nebraska.
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CST consumed about 240 lb or almost one-third of the
amount planned for the entire 48-h flight. [Twenty-five
bags of sand were carried up with the balloon at Scott
Field (AMS 1924).]
b. The lightning strike
Lightning struck during the abrupt rise to the 1200ft height following the last drop of ballast. Since this
rise was probably made against the downdraft that
had forced them down originally, the relative velocity
of the air past the balloon may have exceeded 1000 ft
min-1. Such a high ventilation rate in a strong electric
field is conducive to the initiation of lightning. We now
trigger lightning routinely by causing conductors to
move rapidly in regions with strong electric fields. In
any event, lightning did occur in the vicinity of the
balloon, probably killing Meisinger and igniting a fire
around the bottom of the balloon.
Three similar lightning discharge injuries occurred
during the 1928 National Balloon Race held near
Pittsburgh, Pennsylvania (Van Orman 1978, chapter
21; Crouch 1983, p. 576 ff). In two of the cases, one
member of each of the two-man crews was killed and
fires started that destroyed the balloons (Goodyear V
and U.S. Army No. 3). In the third case, a flight
assistant was hit by lightning, and he suffered severe
surface burns from which he recovered. Ward Van
Orman was pilot of the Goodyear V, and he documented the events that took the life of his assistant
Walter Morton. The balloon was entrained into a
sequence of thunderstorm updrafts and downdrafts. It
rebounded from the ground two times and was struck
by lightning at the 2000-ft level after the second
rebound. The lightning struck the envelope at the
equator and passed down the fabric to strike Morton.
The lowerthree-quarters of the balloon burned without
dropping the basket, and balloon remnants caught in
the top of the net served as a small parachute.
These later encounters with lightning seem to be a
repeat of Meisinger's with the exception that the net
burned through in his earlierfire and did not in the 1928
discharges. On the other hand, only the lower portions
of Meisinger's and Neely's silk balloon envelope
burned, whereas most of Van Orman's cotton balloon
was consumed. Since rubber-coated silk was a much
poorer conductor than the rubber-coated cotton balloon fabric, it is likely that the lightning discharge did
more direct damage to Van Orman's balloon than
occurred earlier to Meisinger's. As a result of his
experience, Van Orman designed an approximate
Faraday cage consisting of 16 vertical wires, hung 4 to
the side in a square around the basket that provided
good protection from electrical discharges. Later, the
use of nonflammable helium as the lifting gas gave
much needed additional protection.
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9. Conclusion
The 10th and last planned flight of the U.S. Weather
Bureau's balloon experiment of 1924 ended in a crash
on the evening of 2 June over Bement, Illinois. Both
aeronauts, Dr. LeRoy Meisinger and Lt. James Neely,
were killed. The bureau's top forecaster, Charles
Mitchell, had advised delay until the next day when the
threat of severe weather was expected to diminish.
Nevertheless, Meisinger had already been delayed
several days and was anxious to collect data around
the relatively weak cyclone that was tracking toward
Illinois. Thus, at 1610 CST on 2 June, the balloon was
launched from Scott Field in southern Illinois and
traveled north-northeast.
Based on the meteorograph record from the flight
that appeared in Jakl's review article and newspaper
accounts of the accident, we conclude that the balloon
was caught in a newly developed thunderstorm about
100 miles north-northeast of Scott Field. The aeronauts were in total darkness and were unable to see
any cloud development. At the 7000-ft level, the balloon was entrained into the downdraft that resulted in
a rapid descent. The balloon executed a hard landing
and rebounded from a cornfield on the outskirts of
Bement. It rose 1200 ft where lightning struck the
balloon, instantly killing Meisinger and starting an
onboard fire. Neely attempted to parachute from the
basket but was unsuccessful and fell to his death. The
fire caused the basket to break away from the envelope and fall to the ground with Meisinger inside.
In his discussion of the Meisinger/Neely accident,
Jakl concluded, "Other evidence such as the condition
and position of the wreckage and bodies of the pilots
leads strongly to the belief that Doctor Meisinger was
instantly killed when the balloon was ignited and that
Lieutenant Neely met his death while attempting to
save himself by parachuting." Our reconstruction without benefit of the official report on the accident has led
us independently to the same conclusion. We, however, differ with Jakl's assertion that Meisinger and
Neely ascended by intention after the hard landing on
the Hendricks farm in Bement. The calculations of
descent in the downdraft of the thundercloud, coupled
with the loss of ballast upon impact with the ground,
lead us to believe that the balloon and basket were
jerked upward in much the same manner that Van
Orman's balloon rebounded from the ground near
Pittsburgh in the 1928 National Balloon Race.
A memorial to both men is found at Scott Air Force
Base. On the wall to the left of the entrance to the flight
line, a bronze plaque is inscribed as follows:

2 June 1924 on a weather research balloon
flight from Scott AFB, III. This plaque is placed
in 1970, the centennial year of the United States
Weather Service.
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Appendix A: Time estimates used in the
reconstruction

In memory of Lieutenant James Thomson Neely
and Dr. LeRoy Meisinger who met their deaths

The Monticello Bulletin (1924a) reported that the
balloon crash occurred about 11:20 P.M. (2320 CST).
A more probable time is provided by the report that
Neely's watch (or clock) stopped at 11:15 P.M. (2315
CST) (PCR 1924a), presumably immediately after he
impacted the earth. We assume the onboard fire
started instantaneously with the lightning strike and
that Neely then attempted to attach his parachute and
jump from the basket, which was at an altitude of 1200
ft. Thus, we estimate that the lightning strike occurred
at about 2314 CST. Presumably, the times entered in
the log were taken from the aviators' timepiece so that,
if we use this as reference, the time sequence of
events from the log to the final crash is derived from a
single timer, and intercomparison of estimates based
on different clocks is obviated.
We now work backward to get an estimate of the
time for the hard landing. Jakl (1925, p. 106) provided
an estimate of 6-7 min for the time between the hard
landing and the crash. Since about 30 s or so would be
required for the basket to fall about 1200 ft, we estimate
the time between the hard landing and the lightning is
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about 6 min, probably no more
than 7. This would put the
time of the hard landing at no
later than 2308 CST.
Now let us estimate when
the uncontrolled descent
started. We first assume that
the "corrected" peak elevation was 7440 ft above mean
sea level (Jakl 1925). Jakl's
figure of a descent from 7440
ft to 1700 ft in 12 min is used
to approximate the mean descent rate of 478 ft min 1 .
Using this descent rate in conjunction with the height of the
balloon above ground when
the descent started (7440700 ft) yields about 14 min for
the time of descent. Since
some time was required to
accelerate the balloon to the
mean descent velocity, we
assume the descent started
sometime between 2251 and
2253 CST. The last entry in
the log, "Taking altitude to go
eastward and avoid low," was
recorded at 2248 CST.

Appendix B:
Estimates of
the forces on
Meisinger's balloon
during the descent
from 7440 ft

TABLE B1. Reconstruction of balloon characteristics and configuration after 2250 C S T .

When fully inflated:
Balloon volume
Balloon diameter
Balloon cross-sectional area.
Estimated weight after 2250 CST but before any rain:
Balloon, netting, rigging, drag rope, and basket
Crew, clothing, parachutes, food, and personal equipment.
Radio, batteries, and instrumentation
Ballast remaining at 2250 CST, 20 bags
Estimated total load hanging on the lifting gas at 2250 CST
Lift of pure hydrogen in air with 36°F (2°C) dewpoint
(100% relative humidity assumed at 2250 CST)
Gram moles of pure hydrogen to lift 1134 kg

12001b
...500 lb
...2001b
...600 lb
2500 lb
(1134 kg)
0.02685 kg (gram mole)-1
42 235

Mass of hydrogen required
Total mass of balloon system
Mass of entrained air (50% of total mass)
Virtual mass of balloon system3

85 kg
1219 kg
609 kg
1828 kg

Density of air at an altitude of 7440 ft
[769-mb pressure, 36°F (2°C), 100% relative humidity]
Balloon volume at an altitude of 7440 ft
Cross-sectional area of equivalent sphere

0.970 kg m~3
1257.4 m3
140.8 m2

Density of air at an altitude of 1000 ft
(977 mb, 21 °C, 15°C dewpoint)
1.15 kg rrr3
Lift of pure hydrogen in air with 15°C dewpoint
0.02676 kg (gram mole) 1
Balloon volume at an altitude of 1000 ft
1057.1 m3
Cross-sectional area of equivalent sphere
125.5 m3
aThe virtual mass accounts for entrapped (entrained) air that moves with the balloon. Stokes
(1880, 53-54) demonstrated that the inertial resistance to acceleration of a sphere immersed in
a perfect fluid is 1.5 times that of the displaced fluid. Theoretical development can be found in
Lamb (1932,123-124) and application to aerostats is found in Warner (1926, 89-90).

A simple model using
Newton's second law of motion in conjunction with balloon characteristics and atmospheric parameters is
used to estimate the forces that acted on Meisinger's
balloon during the rapid descent from 7440 ft and the
subsequent rebound to 1200 ft. We have used the
pressure data from the barograph along with temperature information from Meisinger's log to calculate other
atmospheric variables. We also make use of the fact
that the kite sounding from Royal Center, Indiana, on
the evening of 2 June was nearly adiabatic up to 2 km.
This thermodynamic profile has been shown as an
inset on the synoptic mapdiscussed earlier (see Fig. 5).
We have not been able to obtain any information on
the weight of the equipment carried during this flight,
224

. 80 000 ft3 (2265.3 m3)
16.3m
208.5 m2

but our reconstruction appears in Table B1.
The atmosphere was not stable, having a dryadiabatic thermal lapse rate in the lower 2 km. The
thermal lapse rate for a hydrogen-filled balloon in an
air atmosphere is the same as for the air so that the
balloon had no more stability than the air.
First, assume the balloon to be neutrally buoyant
and motionless at an altitude of 7440 ft when the
downdraft started. Calculate the ballast drop necessary to counteract the effect of a 500 ft min~1 (2.5 m s~1)
downdraft.
When again at rest with a 500 ft min-1 downdraft
flowing past the balloon, the drag force F is equal to
D

Vol. 76, No. 2, February 1995
Unauthenticated | Downloaded 01/09/23 03:13 PM UTC

the balloon cross-sectional area times drag coefficient
TABLE B2. Calculated descent of Meisinger's balloon into
times dynamic pressure.
horizontally moving air (balloon assumed to be descending at 500
We assume the shape of the balloon to be effec- ft min-1 when ambient air begins horizontal flow).
tively that of a sphere, and its drag coefficient CDto be
about 0.16 since the Reynolds number for such a wind Time
Depth
Velocity
Depth
Velocity
past a sphere of this size would be about 4 x 106, (s)
(m)
(m s-1)
(ft)
(ft min 1 )
indicating turbulent flow. The dynamic pressure AP =
0.5 p v , where p is the density of the air and v is the
-2.54
0.0
0
0
-500
relative speed of the air past the balloon.
23.6
-2.19
10
77
-430
Substituting the values for the air density and 20
-1.92
144
44.0
-377
balloon cross section at the 7440-ft altitude into these 30
204
62.1
-1.71
-336
relations suggests that the drag force would have
257
78.4
-303
-1.54
been about 71 N and the drop of about 16 lb of ballast 40
50
305
93.0
-276
-1.40
was needed to counteract the downdraft.
The descent of the balloon into the more humid air 60
349
-253
106.5
-1.29
near the surface would have reduced the lift of the 70
390
-234
118.8
-1.19
hydrogen by another 37 N or about another 8 lb.
427
-217
130.3
-1.10
From these calculations, one might infer that the 80
90
140.9
-1.03
462
-203
pilot could have easily compensated for a downdraft of
-0.97
150.9
495
-190
only 500 ft min-1 if he had noticed it early on. He may 100
have initially thought that the balloon was rising when
the downdraft started because of the relative wind
past the balloon and might have valved gas, which
would have caused problems soon afterward. On the
1 1 =C A
other hand, it is likely that the downdraft was associv v
2m
ated with a rain shaft and the rapid descent of the
balloon was jointly caused by the collection of rain and
which can be written as
by the downdraft.
Second, assume that light rain fell, and the upper
half of the balloon collected 0.01 in. (0.25 mm) of
rainfall: M, the mass of water collected, would be
2

D

f

M = balloon cross-sectional area x
rainfall x density of water;
M= 140.8 m2 x (0.25 x 10~3 m) x
1000 kg rrr3 = 35.2 kg.
Collection of this amount of rain would require the
drop of about 78 lb of ballast to prevent a continued
descent.
Third, estimate the behavior of a neutrally stable
balloon similar to Meisinger's, initially descending at
500 ft mirr1, if the forcing downdraft ceased instantaneously. From Newton, the time rate of change of
momentum, d(m v)/6\, will equal the drag force F .
We assume the mass m\o be constant during this
descent so that
D

d V=-F

D

dt/m = -(0.5 C Ap v ) dt/m,
D

2

where d v/is an infinitesimal change in descent velocity
and A is the balloon cross-sectional area. Separating
variables and integrating the velocity from v \o v and
time from start to T gives
o
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We calculated the appropriate air densities as a
function of the altitude for 2 June 1924 from the
aerological kite observations made at Royal Center,
Indiana, earlier on that day and reported in Jakl's
Table 2 (Jakl 1925). Use of these densities and the
assumed drag coefficient with the balloon area and
mass inferred forthe period after 2250 CST allowed us
to estimate v a\ various times and depths of penetration by the balloon into the boundary layer of vertically
motionless air formed by the horizontal deflection of
the downdraft at the earth's surface. Some of these
estimates are given in Table B2 and in Fig. B1. These
calculations suggest that the balloon would have
continued its descent for some time at an appreciable
fraction of the original downdraft speed even though
the downdraft itself had later been diverted horizontally on approaching the earth.
Fourth, estimate the lift necessary forthe balloon to
rise at the rate of 500 ft min~1 against a downdraft of
500 ft min-1 (i.e., against a relative wind of 5 m s~1). Use
of the drag force relation with the low-altitude balloon
configuration information suggests that the free lift
f
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