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Stat-heads Have A Field Day 
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Getting the Data 

•  Go to http://gd2.mlb.com/components/game/mlb/. 
•  Click on any year 2007 or later, then on the month, then on 

the day, then on the specific game, and finally on pbp 
(play-by-play).   

•  Search for a pitch by the pitcher that threw it or the batter 
when it was thrown.  Either way, you will see a collection 
of files labeled with a six-digit number (e.g. 123456.xml).  
There is a unique six-digit number for each player.   

•  You can get the names associated with the numbers by 
going back to the screen where you clicked on pbp and 
instead click on either batters or pitchers. 



Getting the Data 

•  You will be in a data file that looks like 
this: 
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Not Just a Slugger… 



An Example 
Here’s the data…. 

The pitch! 



An Example 
Here’s the data 
in a readable 
table 

Kinematic data 



An Example 

x

z The origin is at the back point 
of home plate. 

• x-axis - to the catcher’s right 
• y-axis - toward the pitcher 
• z-axis - vertically upward 

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!



An Example 
Problem 1: Find the initial speed of the ball (at y=50.0ft) in mph.   

In 3-dimensions the initial speed 
is the magnitude of the initial 
velocity vector.  Since the 
components are listed below we 
take the square root of the sum of 
their squares, � 

vo = vox
2 + voy

2 + voz
2

� 

vo = (−6.791)2 + (−123.055)2 + (−5.721)2

� 

vo = 123.375 ft / s = 84.1mph

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!



An Example 
Problem 2: Find the components of the final velocity of the pitch 
when it reaches the front of home plate (y=1.417ft). 

Since we know the initial and 
final y-values we can get the y-
component of the velocity using 
the kinematic equation, � 

vy
2 = voy

2 + 2ay (y − yo)

� 

vy = − (−123.055)2 + 2(25.802)(1.417 − 50.00)

� 

vy = −112.408 ft /s� 

vy = − voy
2 + 2ay (y − yo)

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!

vx = ? 

vy = -112.408ft/s 

vz = ? 



An Example 
Problem 2: Find the components of the final velocity of the pitch 
when it reaches the front of home plate (y=1.417ft). 

The time of flight must be found 
to get the other velocity 
components.  Using another 
kinematic equation, 

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!

vx = ? 

vy = -112.408ft/s 

vz = ? 

� 

vy = voy + ayt

� 

t = vy −voy
ay

� 

t = −112.408−(−123.055)
25.802

� 

t = 0.4127s



An Example 
Problem 2: Find the components of the final velocity of the pitch 
when it reaches the front of home plate (y=1.417ft). 

Having the time of flight and 
using kinematic equations for the 
other two axes, 

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!
� 

t = 0.4127s� 

vx = vox + axt = −6.791+ (13.233)(0.4127) = −1.330 ft / s

� 

vz = voz + azt = −5.721+ (−17.540)(0.4127) = −12.960 ft / s

vx = -1.330ft/s 

vy = -112.408ft/s 

vz = -12.960ft/s 

vx = ? 

vy = -112.408ft/s 

vz = ? 



An Example 
Problem 2: Find the components of the final velocity of the pitch 
when it reaches the front of home plate (y=1.417ft). 

The final speed is the magnitude 
of the final velocity vector.  
Taking the square root of the 
sum of the squares, 

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!

vx = -1.330ft/s 

vy = -112.408ft/s 

vz = -12.960ft/s 

� 

v = (−1.330)2 + (−112.408)2 + (−12.960)2

� 

v =113.160 ft /s = 77.2mph� 

v = vx
2 + vy

2 + vz
2

t = 0.4127s 



An Example 
Problem 3:Since a typical batter doesn’t get a sense of the motion of the pitch 
until the ball is about 40ft away from home plate, find the time to get there and 
the x and z components of the position and velocity when it arrives. 

The time can be found using the 
kinematic equation, 

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!

� 

y = yo + voyt40 + 1
2 ayt40

2

� 

t40 =
−voy ± voy

2 − 2ay (yo − y)
ay

� 

t40 = −(−123.055)− (−123.055)2 − 2(25.802)(50− 40)
(25.802)

= 0.08197s

� 

t40 = 0.08197s
t40 = ? 

x40 = ? 

vx40 = ? 

z40 = ? 

vz40 = ? 

t40 = 0.08197s 

x40 = ? 

vx40 = ? 

z40 = ? 

vz40 = ? 

t = 0.4127s 



An Example 
Problem 3:Since a typical batter doesn’t get a sense of the motion of the pitch 
until the ball is about 40ft away from home plate, find the time to get there and 
the x and z components of the position and velocity when it arrives. 

The x-position and velocity can now be found, 

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!

t40 = 0.08197s 

x40 = ? 

vx40 = ? 

z40 = ? 

vz40 = ? 

� 

x40 = xo + voxt40 + 1
2 axt40

2 = 1.664 + (−6.791)(0.08197)+ 1
2 (13.233)(0.08197)

2 = 1.152 ft

� 

vx40 = vox + axt40 = −6.791+ (13.233)(0.08197) = −5.706 ft / s

as can the z-position and velocity, 

� 

z40 = zo + vozt40 + 1
2 azt40

2 = 6.597+ (−5.721)(0.08197)+ 1
2 (−17.540)(0.08197)

2 = 6.069 ft

� 

vz40 = voz + azt40 = −5.721+ (−17.540)(0.08197) = −7.159 ft / s

t40 = 0.08197s 

x40 = 1.152ft 

vx40 = -5.706ft/s 

z40 = 6.069ft 

vz40 = -7.159ft/s 

t = 0.4127s 



An Example 
Problem 4: Now that the batter has a sense of the position and velocity of the 
ball, he can begin to plan his swing. If the ball only felt gravity in the z-
direction and no force in the x-direction from this point on, where would it 
cross home plate. 

The time of flight from y=40ft can be found from 
by subtracting the total time from the time to get 
to y=40ft, 

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!

t40 = 0.08197s 

x40 = 1.152ft 

vx40 = -5.706ft/s 

z40 = 6.069ft 

vz40 = -7.159ft/s 

t = 0.4127s � 

th = t− t40 = 0.4127− 0.08197 = 0.3307s

th = 0.3307s 



An Example 
Problem 4: Now that the batter has a sense of the position and velocity of the 
ball, he can begin to plan his swing. If the ball only felt gravity in the z-
direction and no force in the x-direction from this point on, where would it 
cross home plate. 

Along the x-direction there would be no acceleration, 

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!

t40 = 0.08197s 

x40 = 1.152ft 

vx40 = -5.706ft/s 

z40 = 6.069ft 

vz40 = -7.159ft/s 

t = 0.4127s th = 0.3307s 

� 

xnoair = x40 + vx40th + 1
2 axth

2 ⇒ xnoair = 1.152+ (−5.706)(0.3307) = −0.735 ft

Along the z-axis there would only be gravitational acceleration, 

� 

znoair = z40 + vz40th + 1
2 azth

2

� 

znoair = 6.069 + (−7.159)(0.3307) + 1
2 (−32.174)(0.3307)

2 =1.942 ft

xnoair = -0.735ft znoair = 1.942ft 



An Example 
Problem 5: Batters describe the effect of spin on the ball as the “break.” One 
way to analytically define the break is the difference between where the ball 
actually arrives and where is would have arrived only feeling gravity. Find the 
break along the x and z directions. 

The actual x and z positions are in the data table. 

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!

t40 = 0.08197s 

x40 = 1.152ft 

vx40 = -5.706ft/s 

z40 = 6.069ft 

vz40 = -7.159ft/s 

t = 0.4127s th = 0.3307s xnoair = -0.735ft znoair = 1.942ft 

px = -0.012ft pz = 2.743ft 



An Example 

This definition of break can now be calculated for the x and z directions. 

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!

t40 = 0.08197s 

x40 = 1.152ft 

vx40 = -5.706ft/s 

z40 = 6.069ft 

vz40 = -7.159ft/s 

t = 0.4127s th = 0.3307s xnoair = -0.735ft znoair = 1.942ft 

px = -0.012ft pz = 2.743ft 

� 

xbreak = px − xnoair = −0.012 − (−0.735) = 0.723 ft = 8.68in

� 

zbreak = pz − znoair = 2.743−1.942 = 0.801 ft = 9.61in

Problem 5: Batters describe the effect of spin on the ball as the “break.” One 
way to analytically define the break is the difference between where the ball 
actually arrives and where is would have arrived only feeling gravity. Find the 
break along the x and z directions. 



A Word About Forces 

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!

Problem 6: Given the weight of a baseball is 0.320lbs, find the x, y, and z 
components of the force exerted on the ball by the air during its flight. 

Use Newton’s Second Law along each direction.  Along x and y 
the only force is due to the air, 

� 

Fx = max = mg ax
g

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = (0.320) 13.233

32.174
⎛ 
⎝ 
⎜ 

⎞ 
⎠ 
⎟ = 0.132lbs

� 

Fy = may = mg
ay
g

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = (0.320) 25.802

32.174
⎛ 
⎝ 
⎜ 

⎞ 
⎠ 
⎟ = 0.257lbs

Fx = ? 

Fy = ? 

Fz = ? 

Fx = 0.132lbs 

Fy = 0.257lbs 

Fz = ? 



A Word About Forces 

xo = 1.664ft 

yo = 50.00ft 

zo = 6.597ft 

vxo = -6.791ft/s 

vyo = -123.055ft/s 

vzo = -5.721ft/s 

ax = 13.233ft/s2 

ay = 25.802ft/s2 

az = -17.540ft/s2!

Problem 6: Given the weight of a baseball is 0.320lbs, find the x, y, and z 
components of the force exerted on the ball by the air during its flight. 

Along z gravity is also in play, 

Fx = 0.132lbs 

Fy = 0.257lbs 

Fz = ? 

� 

Fz − mg= maz ⇒ Fz = mg+ mg
az
g

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = mg 1+

az
g

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = (0.320) 1+ −22.232

32.174
⎛ 
⎝ 
⎜ 

⎞ 
⎠ 
⎟ = 0.146lbs

Fx = 0.132lbs 

Fy = 0.257lbs 

Fz = 0.146lbs 

The magnitude of the force caused by the air is, 

� 

Fair = Fx
2 + Fy

2 + Fz
2 = (0.132)2 + (0.257)2 + (0.146)2 = 0.324lbs

The force exerted by the air is about equal to the weight! 



Summary 

•  PITCHfx data can provide a wealth of 
interesting real world problems (and 
answers) for your students. 



Resources 

For more ideas of how to use baseball to teach 
physics, check out…. 

phys.csuchico.edu/baseball 


