
Lightning & Thunder



Lighting Statistics: 

1. Causes an average of 55-60 fatalities 

and 400 injuries each year

2. Occurs with all Thunderstorms

3. Costs more than $1 Billion in insured 

losses each year.



There are actually nine cloud-to-cloud 
strokes of lightning for each cloud-to-
ground stroke of lightning.



In the U.S., the greatest number of 

thunderstorms and lightning fatalities 

(5-10 per year) occur annually in 

Florida.



Cloud-to-Ground lightning 

strokes are the most dangerous.



Notice the segmented pathway 

to the ground.  Also, some of 

the lighting didn’t contact the 

ground.  



Lightning doesn’t 

always hit the tallest 

object…



but it often does.  In the middle ages, the 

church towers were used to store gunpowder, 

with predictable results.

Mosques, on the other hand were struck but 

rarely suffered damage.  Can you see why?



www.codecheck.com/cc/BenAndTheKite.html

Did Franklin really do this?



“Benjamin Franklin Drawing Electricity from the Sky" by Benjamin West (1738-1820). 

The Philadephia Museum of Art



The cloud-to-ground 

lightning stroke heats the air 

to around 30,000 K, making 

it the brightest stroke.



By holding the shutter open, several 

lightning strokes are captured in this 

image.  There were also lots of air 

discharges.



An air discharge is a stroke of  lightning which dissipates out in the air.





Lightning Formation
Thunderstorms have very turbulent environments. Strong updrafts 
and downdrafts occur with regularity and within close proximity to 
each other. The updrafts transport small liquid water droplets from 
the lower regions of the storm to heights between 35,000 and 70,000 
feet, miles above the freezing level.

Meanwhile, downdrafts transport hail and ice from the frozen upper 
regions of the storm. When these collide, the water droplets freeze 
and release heat. This heat in turn keeps the surface of the hail and 
ice slightly warmer than its surrounding environment, and a "soft 
hail", or "graupel" forms.

When this graupel collides with additional water droplets and ice 
particles, a critical phenomenon occurs: Electrons are sheared off of 
the ascending particles and collect on the descending particles. 
Because electrons carry a negative charge, the result is a storm cloud 
with a negatively charged base and a positively charged top.





In the world of electricity, opposites attract and insulators inhibit. As the charges separate within the cloud, an electric field is generated between its top and base. 
The greater the magnitude of separation, the stronger the field, and the stronger the attraction between the charges.

However, the atmosphere is a very good insulator that inhibits electric flow, so a TREMENDOUS amount of charge has to build up before lightning can occur. When 
that charge threshold is reached, the strength of the electric field overpowers the atmosphere's insulating properties, and lightning results.

The electric field within the storm is not the only one that develops. Below the negatively charged storm base, positive charge begins to pool within the surface of the 
earth (see image left). This positive charge will shadow the storm wherever it goes, and is responsible for cloud-to-ground lightning. However, the electric field within 
the storm is much stronger than the one between the storm base and the earth's surface, so most lightning (~75-80%) occurs within the storm cloud itself.

A moving thunderstorm gathers another pool of positively charged particles along the ground that travel with the storm (image 1). As the differences in charges 
continue to increase, positively charged particles rise up taller objects such as trees, houses, and telephone poles. 

A channel of negative charge, called a "stepped leader" will descend from the bottom of the storm toward the ground (image 2). It is invisible to the human eye, and 
shoots to the ground in a series of rapid steps, each occurring in less time than it takes to blink your eye. As the negative leader approaches the ground, positive 
charge collects in the ground and in objects on the ground.

This positive charge "reaches" out to the approaching negative charge with its own channel, called a "streamer" (image 3). When these channels connect, the 
resulting electrical transfer is what we see as lightning. After the initial lightning stroke, if enough charge is leftover, additional lightning strokes will use the same 
channel and will give the bolt its flickering appearance. 



Florida gets a lot of 

lightning and we used to 

launch the space shuttle 

from there. 



Lightning can hit outside the thunderstorm!



Notice the positive streamers at a, b, and c



When the stepped leader’s 

charge is approaching, you 

might give off positive 

streamers!

Don’t be the lightning’s 

conduit.  Get inside during 

thunderstorms.

Read survivor stories here: 

http://www.lightningsafety.noaa.

gov/survivors.htm.



The fellow inside the metal cage is safe. It’s 

called a Faraday Cage.

Lightning travels around him, not through 

him.



Inside your vehicle is 

actually a safe place. It’s a 

kind of Faraday Cage. 

Don’t touch the metal parts.



Out on the golf course is NOT a safe place during a thunderstorm.



Lightning in the ground is so hot it will fuse sand.  The 

resulting formations are called Fulgarites



Lightning Facts
• There is  no safe place outdoors when a thunderstorm is nearby.

• The vast majority of lightning victims were going to a safe place but waited too long before 
seeking safe shelter.

• More than 80% of lightning fatality victims are male, typically between the ages of 15 to 40.

• Lighting fatalities are most common during summer afternoons and evenings.

• The energy from one lighting flash could light a 100-Watt light bulb for more than 3 months.

• Many wildfires in the western United States and Alaska are ignited by lightning.

• The channel of air through which lightning passes can be 54,000°F – Hotter that the surface of 
the sun! The Rapid heating and cooling of the air near the lightning channel causes a shock 
wave that results in the sound we know as “thunder.”



The heating of the air causes rapid expansion.  The 

compression is sound.  We hear it as thunder.

The sound of thunder travels at right angles to the lightning bolt.  It travels 

at 1100 ft/sec so count to 5.  The sound has traveled about one mile.



Thunder

Thunder is the acoustic shock wave resulting from the extreme heat generated by a lightning flash. Lightning can be as hot as 54,000°F, a 
temperature that is five times the surface of the sun! When lightning occurs, it heats the air surrounding its channel to that same incredible 
temperature in a fraction of a second.

Like all gases, when air molecules are heated, they expand. The faster they are heated, the faster their rate of expansion. But when air is 
heated to 54,000°F in a fraction of a second, a phenomenon known as "explosive expansion" occurs. This is where air expands so rapidly that it
compresses the air in front of it, forming a shock wave similar to a sonic boom. Exploding fireworks produce a similar result.

When lightning strikes a shock wave is generated at each point along the path of the lightning bolt. With nearby lightning strikes the thunder will 
sound like a loud bang, crack or snap and its duration will be very short. 

As the shock wave propagates away from the strike center, it stretches, diminishes, and becomes elongated. Then other shock waves from more 
distance locations arrive at the listener. 

At large distances from the center, the shock wave (thunder) can be many miles across. To the listener, the combination of shock waves gives 
thunder the continuous rumble we hear.



How Far Away is the Lightning?
• Count the number of seconds between a flash of lighting and the 

sound of the resulting thunder.

• Divide this number by 5 to get an estimate of the distance in miles to 
the lighting strike.

• Remember, if you are outdoors and can hear thunder, you are in 
danger of being struck by lighting. 



Almost all lightening deaths have occurred outdoors. 
In recent years, fatal activities have included:

• Boating

• Riding horses

• Riding a lawnmower

• Golfing

• Walking

• Mountain climbing

• camping

• Standing under a tree

• Swimming

• Playing sports

• Watching the storm

• Loading a truck

• Fishing

• Running to shelter



When Dangerous Weather Approaches
Avoid the Lighting Threat –
• Have a lightning safety plan – Know where you’ll go for safety and how long it will take to 

get there.

• Postpone Activities – Before going outdoors, check the forecast for thunderstorms. Consider 
postponing activities to avoid being caught in a dangerous situation.

• Monitor the Weather - Look for signs of a developing thunderstorm such as darkening 
skies, flashes of lightning, or increasing wind.

• Get to a safe place – If you hear thunder, even a distant rumble, immediately move to a safe 
place. When Thunder Roars, Go Indoors!

• If you hear thunder, don’t use a corded phone – Cordless phones, cell phones and other 
wireless handheld devices are safe to use.

• Keep away from electrical equipment, wiring, and water pipes – Sensitive electronics 
should be unplugged well in advance of thunderstorms. Don’t take a bath, shower, or use 
other plumbing during a thunderstorm. 



When Caught Outside During Thunder
There is no safe place outside during a thunderstorm. Plan ahead to avoid this 
dangerous situation! If you’re outside and hear thunder, the only way to 
significantly reduce your risk of becoming a lightning casualty is to get inside a 
substantial building or hard-topped metal vehicle as fast as you can. Remember, 
there is no substitute for getting to a safe place.

• Avoid open areas and stay away from isolated tall trees, towers, or utility poles: 
Do not be the tallest object in the area. Lightning tends to strike the tallest 
objects in the area.

• Stay away from metal conductors such as wires or fences: 

Metal does not attract lightning, but lighting can travel long distances through it.



Lighting Fiction and Fact
FICTION: If it is not raining, then there is no danger from lightning.

FACT: Lighting often strikes outside of heavy rain and may occur as far as 10 miles away from any rainfall.  This is 
especially true in the western United States where thunderstorms sometimes produce very little rain.

FICTION: The rubber soles of shoes or rubber tires on a car will protect you form being struck by lightening.

FACT: Rubber-soled shoes and rubber tires provide NO protections from lightning. The steel frame of a hard-topped 
vehicle provides increased protection if you are not touching metal.  Although you may be injured if lighting strikes 
your car, you are much safer inside a vehicle than outside.

FICTION: People struck by lightning should not be touched because they carry an electrical charge.

FACT: Lighting-strike victims carry no electrical charge and should be helped immediately.  Anyone who has been hit 
by lighting requires immediate professional medical care. Call 9-1-1 and begin CPR immediately if the person has 
stopped breathing. Use an Automatic External Defibrillator if one is available.

FICTION: “Heat Lightning” occurs after very hot summer days and poses no threat.

FACT: “Heat Lighting” is a term used to describe lighting from a thunderstorm too far away to be heard. 


