
S
G

M
A

 M
ee

tin
g 

   
O

ct
ob

er
 6

, 2
00

1 
   

   
   

   
   

P
ag

e 
1

T
he

 V
al

ue
 o

f S
ci

en
tif

ic
 R

es
ea

rc
h

to
 th

e
G

am
e 

of
 B

as
eb

al
l

�
��
�
��
��
�
�
	

�
�

�
�


�
�	
�
�
�
	�
�
��
�


��
��
�

�
�
��
�
��
�	
�
��
��
��
���
�
��
��
	�
�
��
�
�
�
��


�
�


�
��
�

�
��
�
	

�
�
�
�
��
��
�
 
�

!
!
!
��


��
�
��
��
�
 
�
"#

�
��
�
	

�
�
"

�
�

$
%
�
�
��
�
�
	�
�
�

�


��
�
�
�
��
&

'
�	
�
�
�
��
(
)�
*
+
+
,



S
G

M
A

 M
ee

tin
g 

   
O

ct
ob

er
 6

, 2
00

1 
   

   
   

   
   

P
ag

e 
2

S
u

m
m

ar
y 

o
f 

Im
p

o
rt

an
t 

P
o

in
ts

λ
M

uc
h 

of
 th

e 
ph

ys
ic

s 
of

 th
e 

ba
ll-

ba
t c

ol
lis

io
n 

is
 

un
de

rs
to

od
 fr

om
 th

eo
ry

 a
nd

 la
bo

ra
to

ry
 

m
ea

su
re

m
en

ts

λ
T

ha
t u

nd
er

st
an

di
ng

 c
an

 a
llo

w
 u

s 
to

 e
st

ab
lis

h 
m

ea
ni

ng
fu

l p
er

fo
rm

an
ce

 m
et

ric
s 

an
d 

st
an

da
rd

s

λ
T

he
se

 m
et

ric
s 

an
d 

st
an

da
rd

s 
ar

e 
of

 v
al

ue
 to

 th
e 

ga
m

e 
its

el
f

λ
M

or
e 

an
d 

be
tte

r 
re

se
ar

ch
 n

ee
de

d



S
G

M
A

 M
ee

tin
g 

   
O

ct
ob

er
 6

, 2
00

1 
   

   
   

   
   

P
ag

e 
3

E
xa

m
pl

e 
1:

   
B

al
l C

O
R

Is
 th

e 
B

al
l “

Ju
ic

ed
”?

M
L

B
:

e 
=

0.
54

6 
±

0.
03

2 
@

 5
8 

m
ph

 o
n 

m
as

si
ve

 r
ig

id
 s

ur
fa

ce

32
0

36
0

40
0

44
0 0.

4
0.

45
0.

5
0.

55
0.

6

R
 (

ft)

co
r

*

* ~
 3

5 
'

D
is

ta
nc

e
 v

s.
 C

O
R

 
"9

0+
7

0"
 c

o
lli

si
o

n

0.
40

0.
45

0.
50

0.
55

0.
60

60
80

10
0

12
0

14
0

eq
ui

va
le

nt
 im

pa
ct

 s
pe

e
d 

(m
ph

)

C
O

R

B
rig

gs
, 1

94
5

U
M

L/
B

H
M

La
ns

m
on

t

M
LB

 s
pe

cs

M
LB

/U
M

L

C
O

R
 M

ea
su

re
m

en
ts

La
ns

m
on

t/C
P

D



S
G

M
A

 M
ee

tin
g 

   
O

ct
ob

er
 6

, 2
00

1 
   

   
   

   
   

P
ag

e 
4

-
.
�
�


��
�*
/

0
�
	�
$


�
�
 
��
��
��
'
�

�
��
��
�
"%
��
�
�
!
�
� 
�0
�
		
��
�
��
�
�
�
�$
	�
 
�
/

404244464850

1.
5

1.
55

1.
6

1.
65

1.
7

1.
75

1.
8

1.
85

1.
9

I kn
ob

 (
10

4
 o

z-
in

2
)

ω kn
ob

 (
ra

d/
s)

y 
=

 m
1*

(m
0

/1
.6

)^
m

2

E
rr

o
r

V
a

lu
e

0
.2

06
5

9
4

5.
3

m
1

 

0
.0

37
1

1
1

-0
.3

07
6

9
m

2
 

N
A

5
.9

19
2

C
hi

sq

N
A

0
.9

59
0

7
R

�
��
�
��
�
�

!
�
�
 

�
��

�
�
�



S
G

M
A

 M
ee

tin
g 

   
O

ct
ob

er
 6

, 2
00

1 
   

   
   

   
   

P
ag

e 
51

.

�
��
��
�
"%
��
�
�
!
�
� 
�0
�
		
��
�
��
�
�
�
�$
	�
 
�

2

+
�3
4

5 6
4

ω
�
�
��
�
��

�
�
�
�
�
��
�1

-
.
�
�


��
�6
/�
�$
!
��
�
�$


�
�
 

≈7
+
��






�
�*
3
4



S
G

M
A

 M
ee

tin
g 

   
O

ct
ob

er
 6

, 2
00

1 
   

   
   

   
   

P
ag

e 
6

0.
5

0.
550.
6

0.
650.
7

0.
750.
8

2
3

4
5

6
7

8
9

10

M
5

B
E

S
R

di
st

an
ce

 fr
om

 b
ar

re
l (

in
ch

es
)

0.
5

0.
550.
6

0.
650.
7

0.
750.
8

2
3

4
5

6
7

8
9

10

W
oo

d
B

E
S

R

di
st

an
ce

 fr
om

 b
ar

re
l (

in
ch

es
)

�
��
��
�
"%
��
�
�
!
�
� 
0
�
		
��
�
��
�
�
�
�

�
��
�&
�
�
��

�
�
	
&
�
�
�
��
	�
��

�
�
�
��
�
��
�
�
/

&
�
�
��

�
�
��
��
�
�
�
	�
��
�
�


��
 
��
	�
��
�
� 
�

�
��
�
��

�
�
��

-
.
�
�


��
�8
/
&�
�
��
��
�9
��
� 



S
G

M
A

 M
ee

tin
g 

   
O

ct
ob

er
 6

, 2
00

1 
   

   
   

   
   

P
ag

e 
7

E
xa

m
pl

e 
5:

  L
ab

 v
s.

 C
al

cu
la

ti
on

s

0

0.
050.
1

0.
150.
2

0.
250.
3

0.
35

23
24

25
26

27
28

29
30

31

v fin
al
/v

in
iti

al

di
st

an
ce

 fr
om

 k
no

b 
(in

ch
es

)

da
ta

 f
ro

m
 L

an
sm

on
t 

B
B

V
C

ba
t 

pi
vo

te
d 

ab
ou

t 
5-

3
/4

"
v in

iti
al
=

10
0 

 m
ph

rig
id

 b
at

fle
xi

bl
e 

ba
tno

d
es

0

0.
1

0.
2

0.
3

0.
4

16
20

24
28

32

v fin
a

l/v
in

iti
a

l

di
st

an
ce

 fr
om

 k
no

b 
(in

ch
es

)

rig
id

 b
a

t

fle
xi

b
le

 b
at

C
M

no
de

da
ta

 fr
om

 R
o

d 
C

ro
ss

fr
ee

ly
 s

u
sp

en
de

d 
ba

t
v i =

 2
.2

 m
ph



S
G

M
A

 M
ee

tin
g 

   
O

ct
ob

er
 6

, 2
00

1 
   

   
   

   
   

P
ag

e 
8

0

0.
2

0.
4

0.
6

0.
81

1.
2

1.
4

0
0.

05
0.

1
0.

15
0.

2
0.

25
0.

3

B
P

F

di
st

an
ce

 fr
o

m
 b

ar
re

l (
m

)

C
ris

co
/G

re
en

w
al

d 
B

at
tin

g 
C

ag
e 

D
at

a
(w

oo
d)

ca
lc

ul
at

io
n

-
.
�
�


��
�(
/�
�9
��
� 
��
��
��
�
��
�
��
	�
�
�
�

�
��
��
�
"%
��
�
�
!
�
� 

0
�
		
��
�
��
�
�
�
�

�
��
��
�
��
�
��
	�
�
�
�



S
G

M
A

 M
ee

tin
g 

   
O

ct
ob

er
 6

, 2
00

1 
   

   
   

   
   

P
ag

e 
9

:


��


��
�
	�
��
�	
�
��
��
;

�
	
�
��
�
'
<
�
��
�



40506070809010
0

0
5

10
15

v f (
m

ph
)

di
st

an
ce

 fr
om

 ti
p 

(in
ch

es
)

w
oo

d:
  

B
P

F
=

0.
99

al
um

in
um

:  
B

P
F

=
1.

07

�



0

0.
1

0.
2

0.
3

0.
4

0.
5

0
5

10
15

e

di
st

an
ce

 fr
om

 ti
p 

(in
ch

es
)

w
oo

d:
  B

P
F

=
0.

99
al

um
in

um
:  

B
P

F
=

1.
07�
'
<

-0
.1

5

-0
.1

-0
.0

50

0.
050.

1

0.
150.

2

0
5

10
15

e A

di
st

an
ce

 fr
om

 ti
p 

(in
ch

es
)

w
oo

d:
  

B
P

F
=

0.
99

al
um

in
um

:  
B

P
F

=
1.

07

�
	


�
��

�

-
.
�
�


��
�7
/

0
�
	�
�
�
��
�
��

�
�
��
��
�
	�
��
�



S
G

M
A

 M
ee

tin
g 

   
O

ct
ob

er
 6

, 2
00

1 
   

   
   

   
   

P
ag

e 
10

A
re

as
 f

o
r 

m
o

re
 R

es
ea

rc
h

λ
M

or
e 

ex
te

ns
iv

e 
w

oo
d-

al
um

in
um

 c
om

pa
ris

on
s

λ
B

H
M

 v
s.

 s
ta

tio
na

ry
 v

s.
 fi

el
d 

co
m

pa
ris

on
s

λ
C

O
R

:  
fla

t v
s.

 c
yl

in
dr

ic
al

λ
C

ol
lis

io
n 

tim
e 

vs
. v

re
l

λ
C

O
R

 v
s.

 v
re

l
(r

ec
oi

l e
ffe

ct
)

λ
v b

at
vs

. M
, M

O
I, 

z C
M
, …

 
λ

e A
fo

r 
fr

ee
vs

pi
vo

te
d 

ba
t

λ
w

id
th

 o
f s

w
ee

t s
po

t

�
'
=
-
/�
��
�
��
�
��


��
�
>
�
��
�
��
?



S
G

M
A

 M
ee

tin
g 

   
O

ct
ob

er
 6

, 2
00

1 
   

   
   

   
   

P
ag

e 
11

S
u

m
m

ar
y 

o
f 

Im
p

o
rt

an
t 

P
o

in
ts

λ
M

uc
h 

of
 th

e 
ph

ys
ic

s 
of

 th
e 

ba
ll-

ba
t c

ol
lis

io
n 

is
 

un
de

rs
to

od
 fr

om
 th

eo
ry

 a
nd

 la
bo

ra
to

ry
 

m
ea

su
re

m
en

ts

λ
T

ha
t u

nd
er

st
an

di
ng

 c
an

 a
llo

w
 u

s 
to

 e
st

ab
lis

h 
m

ea
ni

ng
fu

l p
er

fo
rm

an
ce

 m
et

ric
s 

an
d 

st
an

da
rd

s

λ
T

he
se

 m
et

ric
s 

an
d 

st
an

da
rd

s 
ar

e 
of

 v
al

ue
 to

 th
e 

ga
m

e 
its

el
f

λ
M

or
e 

an
d 

be
tte

r 
re

se
ar

ch
 n

ee
de

d


