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The central drama in the game of baseball is the confrontation between the pitcher and the batter. In 
this intense struggle, the pitcher usually wins. A batting average of .333, indicating one hit out of every 
three times at the plate, is achieved only by the star hitters of the game. A fastball covers the distance 
from the mound to the plate in less than half a second, requiring lightning reflexes and judgment from 
the batter to even make contact. So when the hitter does make contact, he has to try to make the 
most of it.

Wind: A Fickle Friend

As Brian Johnson, formerly a catcher with the San Francisco Giants, describes it, a hitter has to be 
aware of wind and atmospheric conditions to get the most out of a hit: "Sometimes the wind might be 
blowing somewhat in towards the plate in left field, and slightly out of the park in right. In that case, 
you might take advantage by trying to hit the ball towards right."
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In order to take advantage of a wind, hitters may try to alter the trajectory of their hits. Former 
Oakland A's star Rickey Henderson says: "When the wind is blowing in, you really try to keep the ball 
out of the air as much as you can, and try to hit the ball on a line drive that can get through the wind.

"Sometimes, when the wind is blowing in and you hit a high fly ball you feel is out of the ballpark, the 
wind will hold it up and it's just a deep fly ball." Conversely, if the wind is blowing out, hitters may try to 
loft a deep fly ball in the hopes that the wind will carry it over the fence as a home run.

Atmospheric Density And Viscosity, Or "Why It's Easy To Hit Home Runs In 
Outer Space"

The density of the atmosphere can also play a role in how far a hit travels. Says Johnson: "In the 
Colorado Rockies' new stadium (Coors Field), which is at a high altitude, they have much thinner air, 
so the ball flies much farther." Under such conditions, hits that might be routine fly balls can sail over 
the fence for home runs, and hitters who might not try for home runs can suddenly think about 
swinging for the fences.

How can something as light as air slow down a hit? After all, air feels like it's hardly there. 
Exploratorium scientist Paul Doherty explains: "The ball travels through the air after it comes off the 
bat. Now we don't think of air as being much of anything. But if you're riding in a convertible, and you 
stick your hand up into the airstream, you know the air can really push on your hand. And the air is 
really pushing on this ball, slowing it down, making the difference between clearing the fences and a 
long fly out."

Take away the air, and a hit ball would travel a lot farther. Say that the ball, struck by the bat, flies into 
the air at 165 miles per hour, at an angle of 55 degrees. If the ball were flying through a vacuum, the 
distance it would travel would be determined solely by the ability to resist gravity imparted by its 
speed and trajectory; without all that air in the way, the ball would travel 799 feet! Even in a stadium 
twice as large as those that exist, a 799-foot hit would still be a home run. For the moment, though, 
as long as we're stuck playing on earth, baseballs must travel through air.

So what is it about traveling through air that affects a hit? The two properties of air that affect a ball's 
flight are density and viscosity.

In a dense gas or fluid, the molecules are close together, and any object moving through the 
substance must push aside a large number of molecules. All this effort takes some energy, 
diminishing the distance the ball will travel.

The viscosity of a substance reflects how much it resists flowing, and also how sticky it is. 
Substances like motor oil and honey have a high viscosity, while gasoline and benzene are low-
viscosity liquids. Gases are much less viscous than fluids -- about 100 times less. The viscosity of air 
increases slightly as temperatures increase, but not enough to make a noticeable difference in drag 
on the ball.

The density of air changes with variations in temperature, pressure, and humidity. As the temperature 
increases, the air density decreases. For instance, air is 12 percent less dense at 95 degrees 
Fahrenheit than it is at 30 degrees Fahrenheit, resulting in markedly less drag.
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Density also decreases with a drop in air pressure. As you move to higher altitudes, air pressure 
decreases significantly -- about 3 percent for every 1000 feet of elevation. So a moving baseball 
experiences about 16 percent less drag at the 5,000 foot elevation of Denver's Coors Field than at a 
sea-level stadium like Boston's Fenway Park.

Humidity is a measure of the percentage of water vapor in the air. An increase in humidity has a 
surprising effect on air density: As humidity increases, air density decreases. In damp air, the large, 
heavy oxygen and nitrogen molecules are replaced by lighter water molecules, resulting in less 
density -- in essence, lighter air. Physicist Paul Doherty explains it this way: "We think of humidity as 
something that's added to the air on a hot, muggy day. So you might think that a ball would go farther 
on a dry day than on a humid day. But for every water molecule that we add to the air, we displace a 
heavier nitrogen or oxygen molecule. Since the addition of humidity actually makes the air less 
dense, a ball will go farther on a humid day than it will on a dry day." The changes in air density 
related to humidity are not large: Compared to dry air at the same temperature and pressure, there's 
only about a 1 percent reduction in density for a humidity of 80 percent.

All these different weather factors -- temperature, humidity, and altitude -- can affect the amount of 
drag on the baseball. And even a 5 percent difference in drag can make the difference between a fly 
ball and a home run.
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