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Physics of baseball

Baseball physics is a lively field.
Alan Nathan: http://webusers.npl.uiuc.edu/~a-nathan/pob/
Robert Adair: The Physics of Baseball

Physics is only a small 
part of the game!



Questions

1) Does the thin air make baseball in 
Denver different from baseball at sea 
level?

Answer: Yes
Favors offense over defense
(1st part of talk)



Questions

2) Is it possible for a team in Denver to win a 
championship?

Answer: Absolutely!



Questions

3) Has the humidor changed the game?

Answer: A little. 
(2nd part of talk)



History lesson
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Fly ball trajectories
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However, details depend on
•Speed
•Direction
•Spin
•Wind (F. Chambers, CU Denver)

20 ft. difference!

(Batter not to scale)



Forces on a baseball
(Velocity is not a 
force, but is shown to 
give the direction of 
motion.)

Velocity

The forces are:

•Greater for denser air
•Greater for larger cross-
sectional area of ball
•Dependent on speed in the 
range 50-150 mph
•Reasonably well-known



Aerodynamics I: drag force
V
�

For a very slow ball:

•High pressure in 
front (purple) 
compensated by high 
pressure in back.

•Essentially no drag

Source: L. Bloomfield, The Physics of Everyday Life



Aerodynamics I: drag force

For realistic baseball 
speeds:

• Turbulent wake region 
makes lower pressure 
behind ball.

• Net force is backwards

V
�

Source: L. Bloomfield, The Physics of Everyday Life



Aerodynamics II: lift force

For a rotating ball:

•Rotation deflects 
the wake region to 
one side.

•Ball experiences a 
force perpendicular 
to its direction of 
motion.
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Source: L. Bloomfield, The Physics of Everyday Life



Curve balls
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(Pitcher not to scale)

Black: no lift force 
Red: sea-level
Blue: Denver

3 inch difference!



Ted Williams’ strike zone

“The Splendid Splinter” batted

.380 from here

.300 from here, 3 in. away



Consequences of smaller drag, lift 
coefficients at Coors

• Fly balls hit farther – more home runs
• Bigger outfields – more ground to cover, bigger 

gaps

• Less hook/slice -- more likely to hit ball into the 
corners

• Curve ball less effective
– slider
– “rising fastball”
– etc.



The humidor at Coors Field

• Installed in 2001
– Average summer humidity in Denver = 30%

– Baseballs now stored at 50%

• Expectation: dry balls travel farther



Averages

2.53.2Home runs/game at 
Coors Field

After humidor 
(2002-2006)

Before humidor 
(1996-2001)

Q: In which year was the number of HR/game at Coors

2.6 ?

A: 1998 – way before humidor!



Uncertainties

• Average ain’t everything!

2.5   0.23.2   0.2Home runs/game at 
Coors Field

After humidor 
(2002-2006)

Before humidor 
(1996-2001)

± ±

Humidor has changed things.

The difference is statistically 
significant, because these numbers 
are averaged over many games.



Possible physical effects of the 
humidor

If you humidify baseballs, you 
may change:

– Bounciness of ball - understood
– Flight of ball - understood

– Pitchers’ grip – still an open 
question



Coefficient of restitution (bounciness)

Experiment by D. Kagan,
Cal State Chico

Result:
•Humidified ball less bouncy
•Speed off bat is less, ball 
should not go as far
•But – drag is less, so ball 
might go farther

Simulation: ball goes less far.



Aerodynamics of humidified 
baseballs

Idea: drag and lift depend on 
ball size.
Measure change in size, 
estimate change in trajectory.

Meyer and Bohn, U. Colorado



Diameter data

(Several months later)



Effect of size on drag force

Compared to a ball at 30% humidity, a 
ball at 50% humidity is:

• 0.24% larger in diameter 
– 0.48% larger in cross sectional area
– 0.72% larger in volume

• 1.6% more massive
• Therefore, more dense

• Denser ball travels better through the 
air.



Effect of humidor on batting
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aerodynamic effects

Conclusion: by humidifying the 
baseballs, the Rockies have taken 
about 3-4 feet off of fly balls.

Data: change is 5   2 feet.±



How does 4 feet affect home runs?

Each dot represents 
a home run.

Source: 
hittrackeronline.com



Fly ball distribution (model)
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Area under curve 
represents total 
number of fly balls. Red area represents 

number of home runs.



What changes with humidity?
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Now shift in by 4 ft. to 
account for humidifed
baseballs.

Number of home 
runs goes down, 
by about 20%.

Coors Field: 3.2 home runs per game has become 2.5.
This is about a 20% reduction!



Other possible effects since ~2002

• Infield grass a little longer
• Smaller strike zone
• Clint Hurdle manager

• Biggest effect:

Thanks for listening!


