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Using the model of Tavares for the spin decay of a golf ball, scaling arguments
are used to estimate the spin decay of a baseball based on those measured for a golf
ball, resulting in a 1/e decay time of order 20-25 s at 100 mph. Implications for the

trajectory of a baseball are explored.

I. INTRODUCTION

It is well established that spin plays an important role in the flight of a baseball, for both
a pitched and batted ball. It is therefore useful to inquire about the extent to which the
spin stays constant during flight. The goal of this article is to use scaling arguments based
on the spin decay of golf balls to estimate the rate of spin decay for a baseball, then to use
that estimate to study the implications for the trajectory of a baseball.

This brief article is organized as follows. In Sec. [[I] the data for the spin decay of a golf
ball are review. In Sec. , a model due to Tavares[I] is discussed, leading to the application
of that model for a baseball in Sec. [[V] The implications of this analysis for the flight of a
baseball are explored in Sec. [V]

II. GOLF BALL DATA

Spin decay data for golf balls have been reported by Smits and Smith[2] (see Fig. (1)) and by
Tavares et al..[1] In both cases they define a dimensionless parameter called the Spin Decay

Rate (SRD)=wR?/v? and show that their data are consistent with a linear dependence of

SRD on the spin factor S = Rw/v:
2

SRD —= ot — _\g, (1)
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Fig. 1 Measurements reported by Smits and Smith[2] of the spin-down rate of a golf ball.

where experimentally

A =20x10"° Smits

= 2.5x 107° Tavares. (2)

Combining eq. [1| with the definition of S, we arrrive at the simple differential equation

A
O = —E”v (3)
for which the solution is an exponential:
Av
w(t) = wo eXp(—Et), (4)
implying that the mean-life 7 for spin decay is
R
— 5
= (5)

Using R=0.0213 m, we find the mean-life for v=44.7 m/s (100 mph)

7 = 23.8s Smits

= 19.1s Tavares. (6)



III. GOLF BALL MODEL

Tavares, et al.[I] have proposed a model for spin decay in which the torque responsible

for the spin decay is parametrized as
Ii) = —RpACyv* (7)

where p is the air density, A = 7R? is the cross sectional area of the ball, I = oM R? is the
moment of inertia of the ball, and ), is the so-called “coefficient of moment”. The linear

dependence of SRD on S implies a linear dependence of C; on S

Cy = BS, (8)
from which we can easily derive
BR’pm
A= :
Vo (9)

Using o = 0.4 for a uniform sphere, p=1.18 kg/m3 M=0.0459 kg, and the appropriate
experimental value of \, we find
g = 0.010 Smits
= 0.012 Tavares, (10)

Finally using Eqs. [l and [, we arrive at a compact formula for 7
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IV. APPLICATION TO BASEBALL

For given values of § and «, Eq. shows that 7 scales with M/R? For a baseball
M=0.146 kg and R=0.0369 m, so that M/R? is about 6% greater than for a golf ball. If we
assume a baseball has  and « identical to that of a golf ball, then at v = 44.7 m/s,

T = 25.2s baseball using Smits

= 20.2s baseball using Tavares, (12)
As a guide for future experiments on a baseball,

A = 3.3x107° baseball using Smits

= 4.1 x 107° baseball using Tavares . (13)



It is worth pointing out that the decay times derived from the scaling arguments are
considerably longer than the 5 s estimated by Adair[3] in his classic book, The Physics of
Baseball.

V. IMPLICATIONS FOR BASEBALL TRAJECTORIES

Using the on-line “Trajectory Calculator”[4], we next investigate the effect of spin decay
on a typical baseball trajectory for a long fly ball. We assume the ball leaves the bat at an
initial height of 3 ft, an initial speed of 100 mph, a vertical launch angle of 30°, and 2500
rpm of backspin. With no spin decay (i.e., 7 very large), the ball reaches ground level after
traveling 406 ft. With 7=20 s the ball travels within 0.1 ft of the same distance. In both
cases the flight time was 5.6 s. A detailed comparison shows that the two trajectories are
essentially indistinguishable.

While this result may seem puzzling, consider that a reduction in the average spin due to
spin decay leads to two competing effects: reduced lift, which tends to reduce the distance,
and reduced drag, which tends to increase the distance. Consider also that the spin decay
time is proportional to 1/v. While the initial value of v is 100 mph, the average value is
only about 56 mph, leading to an average 7 of about 38 s, nearly a factor of two larger than
the initial value. In fact, the mean 2z component of the acceleration, which is dominated by
gravity, differs by only about 0.5% for the two trajectories. For all these reasons, perhaps it
is not so surprising that the two trajectories are nearly identical.

We conclude that, assuming the scaling arguments get the decay time “in the ballpark”,

then spin decay seems to play no practical role in the game of baseball.
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