This powerful chimney current is what separates positive and negative charges.  Theories about the exact method differ, but one explanation is that countless splinters of positively charged ice crystals are swept to the cloud’s top.  Negatively charged hailstones remain or fall to the cloud’s base.  When thermal updrafts are weak –during a day-long drizzle and winter months, for instance – few ice splinters are hoisted aloft and the cloud produces little or no lightning.

As the cloud’s negatively charged base scuds across the sky, a corresponding positive charge on the ground follows it like a shadow, creeping up trees, houses, church steeples and other objects, then flowing out again as the cloud continues on.  If this positive charge is strong enough, it may break down molecules of air, causing a bluish halo to glow and crackle over the tips of houses and trees, wind vanes, ships’ masts and even blades of grass and fingertips.  Technically, this halo is called a corona discharge; it’s more properly known as St. Elmo’s fire.  Planes winging through a charged cloud often experience St. Elmo’s fire on their wing, tail and propeller tips.

Lightning strikes when the electrical potential between top and bottom of cloud – or between cloud base and earth – reaches 10 to 50 million volts (some say 100 million volts).  In the tropics, where thunderheads sometimes form higher off the ground than elsewhere, about 90 percent of lightning bolts are within the clouds; in the United States, intra-cloud lightning accounts for only 40% of all bolts.  In the remaining cases, the ______________________ toward the earth, starting as a thin arm of a charge called a stepped leader that, like a serpent’s tongue, flicks down 80 to 100 yards from the cloud’s bottom.  (DWG #3).

There, the stepped leader hesitates about 50 millionths of a second while more negative charges drain into it, then darts down again.  Descending in hesitating, zigzag jumps, the stepped leader branches out, probing for the easiest electrical path to earth and leaving a channel of conductive, ionized air in its wake.  Positive ground charges as far as 10 miles away begin to concentrate under the descending stepped leader, often erupting in thin, 5 to 50-year-high corona discharges called streamers.  About three or four hundredths of a second after it first dipped out of the cloud, the stepped leader touches either a streamer or the ground.  When it does, all hell breaks loose.

Like a torrent from an opened floodgate, an avalanche of negative charges gushes into the ground, following __________________ conductive path to deep earth.  At that same instant, a positively charged return-stroke blasts back up the stepped leader’s path at a speed 30,000 time that of a bullet, progressively neutralizing the voltage difference between ground and cloud as it mounts.  It’s this ______ turn stroke – technically called a voltage discontinuity wave – that vaporizes ________, explodes trees, punctures walls and heats a 1 to 10-inch channel of air five times hotter than the sun’s surface, creating both thunder and a ground-to-cloud spear of lightning.  The fact that the eye sees lightning pass from cloud to ground is an illusion.

A single stroke may end the mayhem.  But roughly 80 percent of the time what appears as a single lightning flash is actually three to five successive strokes hammering up the same path as the first, often making the flash appear to flicker.  “Cloud charges are really in packets, not uniform layers”, explains Frank Fischer, researcher at General Electric’s High Voltage Laboratory.  “After one stroke, other packets of negative charge may be tapped, resulting in yet more strokes”.

Lightning strokes can be pigeonholed as either hot or cold.  A bolt of cold lightning lasts only about one 10-thousandths of a second.  But it carries a punch of anywhere from 10,000 to 20,000 amperes.  This brief but powerful wallop instantaneously vaporizes moisture and expands air, exploding trees, houses, chimneys, and causing thunder.  The more amperes that burst along the stroke’s channel, the more powerful the explosions and thunder.  The majority of strokes are cold.

A blast of hot lightning delivers as little as 100 amperes, but lasts 100 to 200 times longer, giving combustible objects time to reach kindling temperature.  “You can pass your hand rapidly through an acetylene torch and not get burned.  That’s cold lightning” says Edward Beck, graying courtly lightning consultant to Westinghouse Electric Corp.  “Cross your hand slowly over a lighted match and you’ll get blistered.  That’s hot lightning”.  A multiple-stroke lightning bolt often includes both hot andcold strokes.  Guaranteeing maximum damage.

Sometimes, strokes of hot lightning build up so slowly that air doesn’t expand rapidly enough to cause thunder.  Last August, Tom Asrakan was ploughing a field of his Clinton Co., Michigan farm.  His brother Lou was 100 yards behind, spreading fertilizer.  Both kept working despite a light rain from a passing thunderstorm.  Lou turned his back to a sudden gust of wind – and saw his shadow outlined as the ground briefly flushed white.  When he spun around, his brother lay slumped over his tractor, clothes burning.  He had been hit by a thunderless stroke of hot lightning and died two days later.

A bolt of lightning – hot or cold – contains a fantastic amount of energy.  An average stroke has enough force to lift the Queen Mary six feet into the air or win a tug of war with 80 straining locomotives.  But lightning’s power is concentrated in a few thousandths or hundredths of a second.  When spread over kilowatt hours, a stroke may use up no more than a dollar’s worth of electricity.

Among the most dangerous – and once popular- myths about lightning is that it won’t strike the same place twice, not true, as most people now realize.  In fact, some evidence supports the existence of lightning nests, areas that are especially prone to hits because of underground streams, ore deposits, or other geological characteristics.

Even if lightning strikes some distance away, there’s no guarantee it won’t end up in your lap.  Capricious, lightning’s current often side-flashes to nearby structures or even leaves the ground as it searches out a good conductor to deep earth.

One now famous example of the tortuous path lightning often takes occurred when a stroke hit a tree 27 feet from a dormitory in Montana CCC camp.  From the tree, the bolt burrowed underground to the dormitory and flashed up through the floor to a steel cot.  Next, it junped to the ankle of a standing man and electrocuted him as it leaped from his chest to a 20-penny nail in the wall.  From the nail, it arced to a power line feeding the dormitory and raced up the table lamp of a nearby cabin, side-flashing again to a telephone.  It finally shot across the telephone wires and down a grounded cable.  Instantly, the return stroke barreled back on the same path, blowing the tree to shreds as it streaked to the cloud above.

The different varieties of lightning reported – streak, sheet, ribbon, bead and heat – are really the same kind seen under different meteorological conditions.  Streak lightning, the jagged spear of light stretching from ground to cloud, is the most common.  Sheet lightning occurs inside clouds, blanketing them with a wide-spread, flickering light.  Ribbon lightning is thought to take place when a strong wind blows the conductive channel of a multiple-stroke bolt to one side; the successive strokes rage upwards a few feet apart, giving the appearance of several ribbons of light.  Bead lightning is probably streak lightning with the luminosity of the conductive channel varying enough to make it look like bulbous beads of light strung on a luminous string.  Heat lightning occurs on the horizon and is thought to be the reflection of strokes too far away to be directly seen or heard.

Ball lightning, also known as fireball, is a distinct sort.  Eerily glowing orbs generally ranging in size from golf balls to coconuts have been seen to float through windows, pop out of ovens, shoot down chimneys, squeeze through keyholes, and skate along fences and telephone wires.

In one documented case, ball lightning entered the cockpit of a propeller plane, burned off the pilot’s eyebrows, and then rolled down the aisle of the passenger compartment, exploding harmlessly in the plane’s rear cabin.  In another instance, a fireball drifted into an open house window, scorching the frame, then dove into a barrel filled with four gallons of water, sending it into an immediate boil.

Once, scientists shrugged off ball lightning reports with references to optical illusions.  Today, some still do.  Most don’t.  “I’m sure ball lightning exists and so are most researchers who have studied the problem," states Dr. Martin Uman, young, lanky physicist at Westinghouse’s Research and Development Center in Pittsburgh.  “Besides reliable eyewitness reports, there’s evidence such as burn marks.  But what it is and what causes it are still puzzles.  There could be 10 varieties of ball lightning for all we know”.

One popular theory explains lightning as a spot where electromagnetic waves caused by a lightning stroke crest together.  Energy from these waves heats up and ionizes surrounding air, causing the glowing orb that hovers or darts erratically for its few seconds of life.  If the electromagnetic waves suddenly disappear, the ball implodes with a loud report.  If they gradually die out, the fireball fades away.  This theory – as most others – is grossly inadequate, and today the phenomenon is being explored by several research teams who hope to provide a better explanation.

Yet more researchers are probing deeper into the nature of ordinary lightning.  Questions about the frequency of strokes, current flow, charge formation and rate of stroke discharge still pose thorny questions that have experts baffled.  Until these stumpers have answers, lightning will remain a beautiful but unchallenged enemy of life and property.

