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A couple of years ago, one of us wrote a ProGuestide entitled "How Far Did That
Fly Ball Travel?". The article posed the questioHow well does the initial velocity
vector (speed and angles) determine the landing pbia fly ball? Utilizing HITf/x

data for the initial velocity and ESPN Home Runckex for the landing point and hang
time, it was determined that the initial velocigyctor poorly determines the landing
location. Specifically, with a narrow range oftial speed and launch angle, distances
in the range 370-440 ft were observed, with a ne#a®5 ft and a standard deviation of
16 ft. Much of the rest of the article was devaiedpeculation about why that is the
case. Variations in air density due to temperatelevation, and related effects were
eliminated by only considering home runs hit inearaw range of air density. A
similar range of distances was observed in covsiadiums, thereby eliminating wind
as the primary factor. Two other possible reaseere identified and investigated:
variation both in backspin and in the air drag jgrbips of the baseball. The latter is a
very intriguing possibility, since variation in tiseam height and/or surface roughness
of the ball might have a significant effect on theresistance experienced by the ball.

As a follow-up to this research, we decided to d@gperiment under more controlled
conditions rather than use MLB game data. Sincevarged to eliminate wind as a
possible factor, we approached the Houston Astrgamszation about using Minute
Maid Park (MMP) with the roof closed for our expeent. To our delight, they agreed.
So, the four of us gathered in Houston for two atdgls last January for the experiment.

A very fancy pitching machine, designed and coms#idi by the Washington State part
of our collaboration, was set up at home platews®d to project baseballs into the
outfield with complete control over the initial guk angles, spin rate, and spin axis. A
high-speed video camera viewed the initial patheftrajectory to measure both the
initial velocity vector and the spin rate. Thedarg point was measured with excellent
precision using a very long measuring tape. Ahthase quantities---initial speed and
angles, spin rate, and landing point—were redurgamtasured along with the hang
time with two independent TrackMan units. One wesunit that is permanently
mounted high above the field in MMP, the other goaable unit from WSU that was
mounted behind home plate a few feet above fialdlle



While the primary goal of the experiment was tced®ine what factors besides the
initial velocity vector determine the landing pgittite redundancy in our experiment
afforded us the opportunity to test how well Trackivstacks up against the more
conventional techniques. That part of the expent was written up in a ProGuestus
article “Testing TrackMan” earlier this year, wheve found that the two techniques
agree remarkably well. Therefore, it really makedifference which one is used for
the analysis that follows. We have chosen to heddape measure for landing point and
TrackMan for everything else.

Before looking at the results, we present sometadail details about the experiment.
The pitching machine was used to project fly biate the outfield in a narrow range of
initial speed (~96.0 mph), vertical launch anglegf};2and horizontal (“spray”) angle
(~0°, corresponding to straightaway centerfield). Bekeballs were projected in the
four-seam orientation, with pure backspin and satas in the range 1500-3200 rpm.
Four different one-dozen lots of new baseballs wsexl. These included two different
one-dozen lots of MLB balls (hereafter called MLBaAd MLB-B) and one dozen each
of MiLB and NCAA (raised-seam) balls. A total @3 fly balls were analysed. The
temperature was carefully monitored throughoutetkigeriment and never varied by
more than a few degrees F, so that the air densitgr varied by more than 1%.

While the range of initial speed and vertical laduangle was quite narrow, it is
important for our analysis to correct for whateserall differences occur. We do this
using the following technique. Given the initi@locity vector, an aerodynamics model
is fine-tuned to reproduce the landing point andghtame. This is achieved by
adjusting two parameters: the average drag coaiti€;and the average lift

coefficient G. Recall that gis related to retarding force due to air resistaaied Cis
related to the upward Magnus force due to the lpagkOnce these parameters are
determined, the same aerodynamics model is thehtasmlculate the trajectory with a
fixed initial speed of 96 mph and vertical launciyle of 28. From this calculation we
obtain the normalized flight distance D, whichhe distance the fly ball would have
traveled had it been projected with a speed of P& end a launch angle of 28The
differences between the actual and normalizedristawere small, typically in the
range =5 ft. All the remaining analysis in thedet refers to the normalized distance D.
And as an added bonus we have obtained the averagend lift coefficients for most
of the fly balls, and these will play a promineolerin our analysis.

The results of the experiment are presented inr€gyli-4, while summary information
about each of the four baseball lots is presemdable 1. Figure 1 shows the
normalized distance for each fly ball indexed Ilsyidtlentifying number and color-coded
by ball lot. The first and most obvious conclusfaym this plot is that there is a



tremendous variation in fly ball distance, whichgas from 325 ft to 406 ft. The
spread among the raised-seam NCAA balls is eshetaayie. Not only is there
variation both from one ball lot to another butoal® various degrees, within a given
ball lot.

As a check on the reproducibility of the data, 92l and 24 (both NCAA) and ball 39
(MLB-B) were launched multiple consecutive timeslenidentical conditions. Figure

1 and the summary in Table 1 show excellent cagrstst In particular, note that balls
21 and 24 had the largest and smallest distanegsectively, among the NCAA balls
and these extreme values are confirmed with meltgainchings. Moreover the spread
of distances for the repeated NCAA measuremente@same baseball is considerably
smaller than for the lot as a whole. This regides us confidence that the variation in
distance that we observe among different baseisadiseal effect.

Figure 2 shows the normalized distance as a fumctidhe spin. All ball lots except

for MLB-B were launched with spins in the relatiy@larrow range of approximately
1500-1900 rpm, so that the large variation of disés among those balls should be due
primarily to variations in drag properties (i.etG; values) of the different balls. A
remarkable feature of Figure 2 is that every flif imathe MLB-A set had a longer
distance than any fly ball in the NCAA set. Frorble 1, we see that the average
distance for the flat-seam MLB-A baseballs is aoasding 43 ft greater than that for
the raised-seam NCAA baseballs. The type of lkedally does matter, and our
measurements provide quantitative evidence thiat-séam baseball carries much
better than a raised-seam baseball. Moreovegingdrom the spread of distances, the
flat-seam baseballs are more uniform in their cran the raised-seam baseballs.

Another remarkable feature of Figure 2 is thatrtbemalized distance is nearly
independent of backspin over the range 2200-3200cqvered by the MLB-B
baseballs. How do we account for this feature? gétea clue by examining Figure 3,
which show G as a function of spin. For spins below 2000 rpen,for balls other than
the MLB-B lot, the ball-to-ball variation in {»bscures any possible variation gf C
with spin. However, with more uniformity in the NBEB lot, there is clearcut evidence
in the data for an increase i With increasing spin, as indicated by the dashed |
The data are consistent with about a 4% increa€g far each 1000 rpm increase in
spin.

Now take a look at Figure 4, which showsa€ a function of spin. It clearly shows that
the Magnus force (the “lift”) increases with spaxactly as expected. So the combined
effects of the drag increasing with spin (whichdgto reduce the carry) and the lift
increasing with spin (which tends to increase #ey results in a cancellation and
very little change in distance with increasing spihhis conclusion is quite intriguing

to us and will almost surely lead to further expemts of this type. In particular, it
would be of great interest to explore the spin depace of distance over a greater



range of initial speeds and launch angles. Famgle, we suspect a greater increase of
distance with increasing spin for balls hit at llmunch angles, such as line drives. But
further experiments will be need to nail this down.

We note in passing that the observed increaseaig with increasing spin has
previously been observed in laboratory experimdotse by one of the authors.
Moreover, the Eversus-spin data in Figure 4 looks quite smoakcépt for two
outliers), with a somewhat steep slope below 2@dd followed by a more gentle slope
for higher spin. That general shape is roughlgdoord with data from laboratory

experiments.

If the dashed line in Figure 3 is used to extrajgolae MLB-B results to lower spin, we
find that the @ values for MLB-B exceed those of MLB-A. Thatike two ball lots
really are different in their drag properties. g8 another important conclusion from
this experiment: All MLB baseballs are not the sam

Let's now summarize the important things we haaerled from our experiment.

* The variation in fly ball distance that was obserireMLB home run data is
confirmed by our experiment.

* The primary reason for variation is due to a défere in the drag properties of
different types of baseballs (e.g., raised verlistams) and even to variation
within a given type

* There is remarkably little variation in fly ballsfance due to variation in spin,
largely due to the increase of drag with increasipig

It is our pleasure to acknowledge and thank thesttmuAstros organization for making
Minute Maid Park available to us and for helpingkeéhe experiment a success. A
special word of thanks goes to Mike Fast and Benrldor their help. We also thank
the good people from TrackMan for their help inamfoguring the stadium unit at

MMP and from Rawlings for providing the baseballs.



Table 1. Mean values and standard deviationsdohn éall lot.

Ball Lot D (ft) Spin (rpm)
MLB-A 390(8) 1806(58)
MLB-B 379(3) 2689(123)
Ball 39 375(3) 2257(66)
MiLB 362(8) 1583(49)
NCAA 347(11) 1650(31)
Ball 21 362(2 1887(32
Ball 24 327(2) 1813(69
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