
A BOLT OUT  

NATURE’S X-R AY MACHINE: Recent studies show that lightning emits 
bursts of x-rays as it carves its jagged conductive channels through 
the atmosphere. The energies of the x-rays extend to 250,000 
electron volts, or about twice the energy of a chest x-ray.
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OF THE BLUE

By Joseph R. Dwyer

New research shows that lightning 
is a surprisingly complex and 
mystifying phenomenon

Lightning is a particularly unsettling product of bad 

weather. It causes more deaths and injuries in the U.S. than either hurricanes 

or tornadoes do, and it strikes without warning, sometimes with nothing but 

blue sky overhead. In central Florida, where I live, thunderstorms are a daily 

occurrence during the summer, and so, ironically, people in the Sunshine State 

often spend their afternoons indoors to avoid the risk of death from the sky. 

Worldwide, lightning fl ashes about four million times a day, and bolts have 

even been observed on other planets. Yet despite its familiarity, we still do not 

know what causes lightning. It is a misconception that Benjamin Franklin 

solved the puzzle when he conducted his famous kite experiment in 1752.
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Although Franklin demonstrated 
that lightning is an electrical phenom-
enon, scientists to this day are strug-
gling to understand how thunderstorms 
generate their charge and how lightning 
occurs. Some physicists have hypothe-
sized that lightning may actually have 
an extraterrestrial connection, with cos-
mic rays—high-energy particles bom-
barding the earth from space—trigger-
ing cascades of speedy electrons in the 
atmosphere.

Researchers have recently discovered 
a new avenue for studying lightning: ex-
amining the x-rays emitted as lightning 
streaks from the clouds to the ground. In 
the past few years, our team has mea-
sured the x-rays produced by both natu-
ral lightning and man-made bolts cre-
ated by launching rockets during thun-
derstorms. The results suggest that 
lightning may carve its jagged, conduc-
tive channels by sending out blasts of 
high-speed electrons. But how lightning 
manages to accelerate these electrons is 
extremely perplexing. To solve the mys-
tery, we are now building an array of  
x-ray detectors at a site in Florida. 

Stranger than Sparks
in some ways, lightning resembles a 
big spark. Consider the conventional 
spark, the kind you get when you touch 
a doorknob after walking across a car-
pet. When you traverse the carpet, your 
shoes rub off electrons and you accumu-
late an electrical charge, which produces 
an electric fi eld between you and other 
objects in the room. For small fi elds, air 
is a good insulator—electrons attach to 
oxygen atoms faster than they are 
knocked loose by collisions—and elec-
tric current cannot fl ow in any appre-

ciable amount. As your fi nger approach-
es the knob, however, the electric fi eld 
becomes locally enhanced. If it reaches a 
critical value of about three million volts 
per meter, called the breakdown fi eld, 
the air becomes a conductor and a dis-
charge occurs: current bridges the gap. 

The electrifi cation of thunderstorms 
shares some similarities with the carpet 
example. Inside thunderclouds, the role 
of the shoes on the carpet is most likely 
played by soft hail—snow pellets—fall-
ing through ice crystals and water drop-
lets. (The exact mechanisms are still 
under debate.) When these particles 
bump into one another, they can rub off 
electrons and become charged. The pos-
itive and negative charges are then sepa-
rated by updrafts and gravity, produc-
ing the electric fi eld. But if we try to 
press the doorknob analogy any further, 
we run into a big problem: decades of 
balloon, aircraft and rocket measure-
ments made directly inside the clouds 
rarely fi nd fi elds above about 200,000 
volts per meter, which is much too low 
to cause air to break down like it does 
when we touch a doorknob.

Until recently, scientists had focused 
on two explanations to solve this conun-
drum. First, it is possible that stronger 
electric fi elds do exist inside thunder-
storms but only in relatively small vol-
umes, making them diffi cult to measure. 
Although such a scenario cannot be 
ruled out observationally, it is not alto-
gether satisfying, because we are merely 
replacing one problem with another: 
How do clouds produce strong electric 
fi elds in such small volumes? The second 
explanation comes from experiments 
showing that the electric fi eld needed to 
produce a discharge is reduced substan-

tially when raindrops or ice particles are 
present in the air, as they are inside thun-
derstorms. Unfortunately, the addition 
of rain or ice alleviates only some of the 
discrepancy; the fi elds in thunderstorms 
still appear to be too weak to generate a 
conventional discharge.  

Scientists are also uncertain about 
how lightning propagates many kilome-
ters through the air. The process begins 
with the formation of a leader, a hot 
channel that can ionize the air and trans-
port charge over long distances [see box 
on opposite page]. Interestingly, the 
leader does not travel to the ground in a 
continuous fashion but instead moves 
along in a series of discrete steps. Ex-
actly how all this occurs, however, is 
somewhat mysterious. Efforts to model 
these processes have not been entirely 
successful. These diffi culties have led 
many researchers in the fi eld, including 
me, to wonder if we have missed some-
thing important. For example, perhaps 
viewing lightning as an entirely conven-
tional discharge, like a spark to a door-
knob, is not correct. It turns out that an-
other, more unusual kind of discharge 
exists: runaway breakdown. 

In a conventional discharge, all the 
electrons move relatively slowly because 
they are hampered by their constant col-
lisions with air molecules. The collisions 
create an effective drag force that is sim-
ilar to what you feel when you stick your 
hand out a car window: as the car goes 
faster the drag force increases, and as the 
car slows down it decreases. But if the 
electron velocities are high enough—at 
least six million meters per second, or 
about 2 percent of the speed of light—the 
drag force actually decreases the faster 
the electrons go [see illustration on page 
69]. If a strong electric fi eld accelerates a 
high-speed electron, the drag force be-
comes smaller, which allows the electron 
to move even faster, thereby reducing the 
drag force further, and so on. Such run-
away electrons can accelerate to nearly 
the speed of light, gaining enormous 
amounts of energy and producing the 
discharge called runaway breakdown. 

This process, though, requires a seed 
population of electrons with high initial 
energies. In 1925 Scottish physicist 

� � �Lightning has baffl ed physicists for decades because the electric fi elds inside 
thunderclouds do not appear to be strong enough to generate a conventional 
discharge of current.

� � �New observations of x-rays from lightning bolts support the hypothesis that 
lightning somehow accelerates electrons to nearly the speed of light in a 
phenomenon called runaway breakdown.

� � �Researchers are building an array of x-ray detectors in Florida to study the 
processes that initiate lightning and allow it to propagate.

Overview/The Nature of Lightning
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Some scientists believe that lightning may be triggered by cosmic rays, high-energy particles bombarding the earth from space.

THE BRIEF LIFE OF LIGHTNING
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Collision with 
air molecule

33  Once lightning 
is initiated, the 

electrons carve an 
ionized channel called 
the stepped leader. At 
each step, electrons 
accumulate at the 
leader’s tip, creating an 
intense localized fi eld 
that accelerates more 
runaway electrons. The 
particles collide with air 
molecules, producing 
bursts of x-rays. The 
process repeats until the 
stepped leader, which can 
diverge into branches, 
reaches the ground

44  Once the leader 
connects to 

the ground, a large 
pulse of current fl ows 
through the channel. 
The current heats 
the air up to 30,000 
degrees Celsius, 
causing the fl ash of 
visible radiation called 
the return stroke 

22 Particles in the shower, including energetic electrons, 
hit air molecules in a thundercloud, ejecting other high-

energy electrons. Accelerated by electric fi elds stretching 
between regions of negative and positive charge, the 
particles initiate an avalanche of runaway electrons, which 
generate gamma rays as they blast through the cloud. This 
runaway breakdown may serve as a catalyst for lightning

1  A fast-moving proton from space collides with 
an air molecule (usually nitrogen or oxygen) 

in the upper atmosphere, producing a shower of 
high-energy particles
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C.T.R. Wilson fi rst suggested that the de-
cay of radioactive isotopes or the colli-
sions of cosmic-ray particles with air 
molecules could generate energetic elec-
trons that would run away in the electric 
fields inside thunderclouds. Wilson’s 
model, however, predicted that radioac-
tive decay and cosmic-ray collisions 
would produce too few runaway elec-
trons to cause lightning. 

In 1961 Alexander V. Gurevich of 
the Lebedev Institute of Physics in Mos-
cow hypothesized another mechanism 
for making runaway electrons. Gurevich 
showed that in very strong electric fi elds, 
large numbers of runaway electrons 
could be produced by accelerating them 
directly out of the ubiquitous population 
of low-energy free electrons, thereby 
sidestepping Wilson’s problem of a lack 
of energetic seed electrons. To generate 
such runaway electrons, Gurevich used 
a brute-force method in which the elec-
tric fi eld is so incredibly strong that some 
of the low-energy electrons are quickly 
accelerated up and over the energy 
threshold, allowing them to run away. 
The diffi culty with this mechanism is 
that it requires an electric fi eld about 10 
times larger than the conventional 
breakdown fi eld, which in turn is much 
larger than the fi elds observed in thun-
derstorms. In short, physicists seemed to 
be heading in the wrong direction.  

Finally, in 1992, a new idea emerged 
that has shown promise for explaining 
what happens inside thunderstorms and 
how lightning occurs.  Gurevich, along 
with Gennady M. Milikh of the Univer-
sity of Maryland and Robert Roussel-
Dupré of Los Alamos National Labora-
tory, proposed the Relativistic Runaway 
Electron Avalanche (RREA) model. Ac-
cording to this scenario, the runaway 
electrons themselves generate more ener-
getic seed electrons by bumping force-
fully into air molecules and knocking off 
other high-energy electrons. These 

knocked-off electrons then run away and 
collide with more air molecules, produc-
ing still more energetic seed electrons, 
and so on. The result is a large avalanche 
of high-energy electrons that grows ex-
ponentially with time and distance. Be-
cause this process can be initiated by as 
few as one energetic seed electron, the 
steady background of cosmic-ray colli-
sions and radioactive decays would be 
suffi cient to trigger an avalanche of run-
away electrons. And as long as the ava-
lanche remains in a region with a strong 
electric fi eld, it will continue to grow al-
most indefi nitely, resulting in a runaway 
breakdown. 

Furthermore, unlike Gurevich’s older 
hypothesis, this new model of runaway 
breakdown requires an electric fi eld only 
one tenth as large as that needed for a 
conventional breakdown in dry air. At 
thunderstorm altitudes, where the air 
density is lower than at sea level, the elec-
tric fi eld needed for this type of runaway 
breakdown is about 150,000 volts per 
meter—comfortably within the range of 
values measured inside thunderstorms. 
Indeed, it is probably not a coincidence 
that the maximum observed electric fi eld 
inside thunderclouds and the fi eld needed 
for runaway breakdown are about the 
same; my calculations have shown that 
runaway breakdown would effi ciently 
discharge the electric fi eld if it were to 
rise much higher. 

In a normal discharge, all the elec-
trons have low energies and travel fairly 
slowly, so the electromagnetic radiation 
emitted by the spark extends only as 
high as the ultraviolet range. In a run-
away breakdown, though, the fast-mov-
ing electrons ionize large numbers of air 
molecules and produce high-energy 
x-rays and gamma rays. (The phenom-
enon is known as bremsstrahlung, Ger-
man for “braking radiation.”) Conse-
quently, one way to test for runaway 
breakdown is to search for x-rays.

If Superman Saw Lightning
mot i vat ed f irst by Wilson’s hy-
potheses and later by Gurevich’s work, 
scientists have attempted to observe 
x-rays from thunderstorms and lightning 
since the 1930s. Such measurements are 
very challenging to make and until re-
cently have produced mostly ambiguous 
results. One diffi culty is that x-rays do 
not travel very far through the atmo-
sphere and are usually absorbed within a 
few hundred meters of the source. An-
other problem is that thunderstorms are 
electromagnetically noisy environments. 
Lightning, in particular, emits large 
amounts of radio-frequency noise, caus-
ing the familiar crackle on AM radios 
many kilometers away. Detecting x-rays 
involves recording small electrical sig-
nals; trying to make such measurements 
near lightning is like trying to hear a con-
versation in a raucous restaurant. Be-
cause it can be hard to distinguish real 
electrical signals produced by x-rays 
from spurious ones produced by radio-
frequency emissions, many of the early 
results were not readily accepted.

The situation got more interesting in 
the 1980s, when George K. Parks, Mi-
chael P. McCarthy and their collabora-
tors at the University of Washington 
made aircraft observations within thun-
derstorms. Later, Kenneth B. Eack, now 
at the New Mexico Institute of Mining 
and Technology (NMT), and his co-
workers made a series of balloon sound-
ings inside thunderclouds. These obser-
vations provided tantalizing hints that 
thunderstorms occasionally produce 
large bursts of x-rays. The source of these 
x-rays could not be pinpointed, but the 
radiation seemed to be associated with 
the enhanced electric fi elds inside the 
clouds. Interestingly, the x-ray emission 
sometimes began right before lightning 
was observed and stopped once the light-
ning occurred, perhaps because lightning 
shorted out the electric fields need-

Lightning is not just an ordinary 
spark like the kind you get 
when you touch a doorknob. 
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ed to produce runaway breakdown.
Researchers know of no mechanism 

besides runaway breakdown that could 
produce such large quantities of x-rays 
in our atmosphere. Other phenomena 
associated with lightning cannot be re-
sponsible for the emissions; although 
lightning can heat the air up to 30,000 
degrees Celsius—fi ve times as hot as the 
sun’s surface—virtually no x-rays are 
produced at this temperature.

Scientists fi nally found a direct link 
between x-rays and lightning in 2001, 
when Charles B. Moore and his co-work-
ers at NMT reported observing energet-
ic radiation, presumably x-rays, from 
several natural lightning strikes on top of 
a tall mountain. Unlike the earlier air-
craft and balloon observations, this en-
ergetic radiation seemed to be produced 
by the lightning itself and not by the 
large-scale electric fi elds inside the thun-
dercloud. Furthermore, the emissions ap-
peared to occur during the fi rst phase of 
lightning, the movement of the leader 
from the cloud to the ground. This obser-
vation was something entirely new.

Here is where I entered the picture. 
As a physicist, I have always been inter-
ested in how x-rays and gamma rays are 

produced. Although such radiation is 
common in space, where the vacuum al-
lows energetic particles to travel unim-
peded, it is much rarer on the earth. 
Consequently, I became fascinated by 
Gurevich, Milikh and Roussel-Dupré’s 
runaway breakdown model, which sug-
gested that the same kind of x-rays pro-
duced by events such as solar fl ares could 
also be made by thunderstorms and 
lightning. I decided to see for myself if 
these purported x-rays really did exist by 
investigating the frequent thunderstorms 
in my own backyard.

In 2002, with funding from the Na-
tional Science Foundation, my group at 
the Florida Institute of Technology, in 
collaboration with Martin A. Uman 
and his team at the University of Flori-
da, began a systematic campaign to 
search for x-ray emissions from light-
ning. To reduce the problems of spuri-
ous signals, we placed sensitive x-ray 

detectors inside heavy aluminum boxes 
designed to keep out moisture, light and 
radio-frequency noise. We set up our in-
struments at the International Center 
for Lightning Research and Testing 
(ICLRT) in Camp Blanding, Fla. Oper-
ated by the University of Florida and 
Florida Tech, the ICLRT is equipped to 
measure, among other things, the elec-
tric and magnetic fields and optical 
emissions associated with lightning. 
Moreover, the facility is capable of arti-
fi cially triggering lightning from natural 
thunderstorms using small rockets.  

When a thunderstorm is above the 
ICLRT and the electric field on the 
ground reaches several thousand volts 
per meter, researchers launch a one-me-
ter-long rocket from a wooden tower. 
The rocket uncoils a spool of thin Kev-
lar-coated copper wire, one end of which 
remains attached to the ground. As the 
rocket rises as high as 700 meters, the 
vertical grounded wire enhances the 
electric fi eld at the rocket’s tip, resulting 
in an upward-propagating leader that 
eventually snakes its way into the thun-
dercloud. Electric current rising from the 
ground into the leader quickly vaporizes 
the wire. About half the launches trigger 
lightning from the clouds above, and the 
bolts usually strike the rocket launcher.

Both natural and man-made light-
ning fl ashes are usually composed of sev-
eral strokes. For triggered lightning, 
each stroke starts as a downward-propa-
gating column of charge called a dart 
leader that, near the ground, more or 
less follows the path left by the rocket 
and triggering wire. The dart leader 
brings down negative charge from the 
cloud and ionizes the channel as it 
moves. Once the dart leader connects to 
the ground, a short circuit is created and 
a large pulse of current, called the return 
stroke, fl ows through the channel. The 
current in the return stroke quickly heats 
the channel, causing the visible light that 

JOSEPH R. DWYER is an associate professor of physics and space sciences at the Florida 
Institute of Technology. After receiving his Ph.D. in physics from the University of Chi-
cago in 1994, he worked as a research scientist at Columbia University and the Univer-
sity of Maryland before moving to Florida in 2000. The author would like to acknowledge 
the contributions of H. Rassoul, V. Rakov, M. Al-Dayeh, J. Jerauld, L. Caraway, B. Wright, 
K. Rambo and D. Jordan to this research.TH
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RUNAWAY ELEC TRONS blaze the trails for lightning bolts. Low-energy electrons, which move 
relatively slowly, lose more energy to drag—collisions with air molecules—than they gain from an 
electric fi eld, so they slow down further. But because high-energy electrons lose less energy to 
drag, the electric fi eld can accelerate them to nearly the speed of light.
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we see, and the subsequent rapid expan-
sion of the hot air causes the thunder 
that we hear. After the return stroke, an-
other dart leader can follow, whereupon 
the entire process repeats. The quick 
succession of strokes is what causes the 
lightning channel to fl icker.

In natural lightning the role of the 
rocket is played by a stepped leader, 
which forges the ionized path, extending 
in jagged steps from the cloud to the 
ground. The subsequent strokes of natu-
ral lightning, however, are initiated by a 
dart leader, making them very similar to 
the strokes of triggered lightning. The 
advantage of studying the latter is that 
the exact time and place of the lightning 
strike can be controlled. What is more, 
the experiment can be repeated over and 
over; dozens of lightning fl ashes are trig-
gered at the ICLRT every summer.

To be honest, given the long history 
of negative and ambiguous x-ray results, 
I was not really expecting to measure 
any x-rays from lightning when we fi rst 
set up our instruments at the ICLRT. For 
this reason, after we made our fi rst trig-
gered-lightning measurements I did not 
get around to looking at our data for 
more than a week. When I fi nally sat 
down with my graduate student, Maher 
Al-Dayeh, and plotted the data from the 
x-ray detectors, I nearly fell off my chair. 
To my surprise—and to the surprise of 
just about everyone else—we discovered 
that triggered lightning produces lots 
and lots of x-rays nearly every time. In-
deed, the x-ray fl ashes were so intense 
that our instruments were temporarily 
blinded by the radiation. 

Subsequent experiments over the 
next year showed that the x-ray emission 
is produced by the lightning dart lead-
ers, possibly with some contribution 
from the beginning of the return strokes. 
The energies of the x-rays extend to 
around 250,000 electron volts, or about 
twice the energy of a chest x-ray. Fur-

thermore, the x-ray emission is not pro-
duced continuously but happens in rapid 
bursts a millionth of a second apart. If 
humans had x-ray vision like Superman, 
lightning would look quite different 
from what we are used to: as the light-
ning leader propagated downward, we 
would see a rapid series of bright fl ashes 
descending from the clouds. The fl ashes 
would strengthen as they approached 
the ground, ending with a very intense 
burst at the instant the return stroke be-
gan. Although the pulse of current that 
would follow would be brilliant in visi-
ble light, it would look black in x-rays.

The observation of x-rays from light-
ning indicates that some form of run-
away breakdown must be involved to 
accelerate the electrons enough to pro-
duce bremsstrahlung radiation. But it 
turns out that our measurements do not 
square well with the RREA model devel-
oped by Gurevich, Milikh and Roussel-
Dupré. The x-rays we observed had 
much lower energies than those predict-
ed by the avalanche model, and the in-
tensity of the bursts was much higher 
than expected. In fact, the results sug-
gest that the electric fi elds produced by 
lightning leaders are much, much larger 
than what was previously believed pos-
sible. Ironically, our experiments so far 
indicate that the mechanism at work in 
lightning leaders is more akin to the old 
model of runaway breakdown proposed 
by Gurevich in 1961—the one requiring 
such a large electric fi eld that it was ini-
tially discounted. Exactly how lightning 
can generate such large electric fi elds re-
mains a mystery, but further x-ray ob-
servations should provide clues.

Since the initial discovery of x-rays 
from triggered lightning, we have ob-
served several natural lightning strikes 
at the ICLRT as well. These data showed 
beautiful x-ray emissions from the 
stepped-leader phase, confirming the 
earlier NMT measurements. Further-

more, the x-rays arrived in fast bursts at 
exactly the same times when the leader 
stepped downward. This result demon-
strates that runaway breakdown is in-
volved in the stepping process, deter-
mining where the lightning will go and 
how it branches. A similar mechanism is 
also at work during the dart-leader phas-
es of the subsequent strokes. 

In short, the x-ray emissions from 
natural lightning are very similar to 
those from triggered lightning. It is be-
coming clear that runaway breakdown is 
a common phenomenon in our atmo-
sphere. Despite the fact that air molecules 
hinder the acceleration of fast electrons, 
we see evidence for runaway breakdown 
even near the ground, where the air is 
densest. (Most of the x-rays we observed 
came from the bottom 100 meters or so 
of the lightning channel.) Thus, runaway 
breakdown may happen even more fre-
quently at thunderstorm altitudes. 

Back in the Thunderstorm
what about lightning initiation 
within thunderclouds? In the past few 
years, researchers have constructed 
promising models that show how the 
particle showers created by cosmic-ray 
impacts could work together with run-
away breakdown to make lightning. Be-
cause big avalanches of runaway elec-
trons can be produced by just one ener-
getic seed electron, the discharge 
triggered by a large cosmic-ray shower—
which involves millions of energetic seed 
particles arriving simultaneously—must 
be truly enormous. Such a large dis-
charge could generate a localized en-
hancement of the electric fi eld at the front 
of the avalanche because of the great in-
crease in the electrical charge there. This 
enhancement may act like a fi nger near a 
doorknob, briefl y raising the electric fi eld 
to the point where a conventional electri-
cal breakdown can take place. 

A fascinating piece of evidence sup-

This research may help us fi nally 
solve the puzzle tackled by 
Benjamin Franklin 250 years ago.
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porting runaway breakdown inside 
thunderclouds came from our experi-
ments at the ICLRT last summer. Dur-
ing the fi nal rocket launch of the season, 
we fortuitously caught a huge burst of 
very high energy radiation—gamma 
rays, not x-rays—using three detectors 
placed 650 meters from the lightning 
channel. The energies of the individual 
gamma-ray photons extended to more 
than 10 million electron volts, or about 
40 times higher than the energies of the 
x-rays that we had previously observed 
from lightning leaders. Anyone who 
pictures scientists as calm and reserved 
should have seen us when the data from 
that gamma-ray fl ash appeared on our 
computer. One might have thought that 
our favorite team had just scored the 
winning touchdown at the Super Bowl. 

Based on our measurements of the 
lightning channel current, the electric 
fi elds and the properties of the gamma 
rays, we have inferred that the source of 
the emission was probably many kilome-
ters up in the thundercloud. We did not 
expect to see gamma rays from this alti-
tude because the atmosphere absorbs 
such radiation, but apparently the inten-
sity at the source was so great that some 
photons were able to make it to the 
ground. This fi nding suggests that mas-

sive runaway breakdown may have hap-
pened within the thundercloud in a pro-
cess related to the initiation of the trig-
gered lightning. Our observations 
demonstrate that it is possible to study 
this phenomenon on the ground, which 
is experimentally much simpler than 
lofting detectors onto aircraft or bal-
loons. Furthermore, scientists recently 
reported that the Reuven Ramaty High 
Energy Solar Spectroscopic Imager 
(RHESSI) detected similar gamma-ray 
bursts associated with thunderstorms 
while orbiting 600 kilometers away!  

With additional funding from the 
National Science Foundation, we are 
now expanding the number of x-ray in-
struments at the ICLRT from fi ve to 
more than 36, covering one square kilo-
meter of the Camp Blanding site. This 
expansion should improve our ability to 
study natural lightning as well as trig-
gered lightning and should increase the 
odds of detecting more gamma-ray 
bursts from the thunderclouds. The 
x-ray and gamma-ray emissions can 
serve as probes to help determine the 
electric fi elds in regions that are other-
wise very diffi cult to measure. The re-
sults should allow us to better under-
stand the breakdown processes that 
initiate lightning and facilitate its 
propagation. 

Using x-rays to study lightning is still 
new, and consequently, just about every 
time we conduct an experiment we dis-
cover something we did not know be-
fore. We have already learned that light-
ning is not just an ordinary spark like the 
kind you get when you touch a door-
knob. It involves a more exotic type of 
discharge that produces runaway elec-
trons and x-rays. Because x-rays allow 
us to look at lightning in a novel way, 
this research may help us fi nally solve 
the puzzle tackled by Benjamin Franklin 
two and a half centuries ago.  
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TRIGGERED LIGHTNING is produced at the International Center for Lightning Research and Testing 
in Florida by launching a small rocket from a wooden tower (inset) during a thunderstorm. The 
rocket trails a wire that carries current from the ground, creating a path for the lightning bolt. 
Nearby instruments measure the energy and intensity of the emitted x-rays. 

U
N

IV
E

R
S

IT
Y 

O
F 

F
L

O
R

ID
A

; 
U

S
E

D
 W

IT
H

 P
E

R
M

IS
S

IO
N

 F
R

O
M

 J
O

S
E

P
H

 R
. 

D
W

Y
E

R
 E

T 
A

L
. 

IN
 S

C
IE

N
C

E
, 

V
O

L
. 

2
9

9
, 

P
A

G
E

S 
6

9
4

–
6

9
7

; 
©

2
0

0
3

 A
A

A
S

COPYRIGHT 2005 SCIENTIFIC AMERICAN, INC.


