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How do swing paths influence horizontal displacement in hitting a baseball?

I. Introduction

( I ) Problem

Many kids in the world are actively engaged in team sports to build cognitive abilities, physical
abilities, mental strength, cooperation skills, and, most importantly, having fun and building
friendships. Baseball is a sport that is played around the world, but especially in the North
America/Caribbean region and in East Asia. As these kids who start playing baseball at a young
age gradually grow, their abilities would also need to grow and develop with them as the sport
becomes more and more competitive.

Swinging is a key component in playing baseball as everyone hits at levels below highschool. In a
competitive atmosphere, everyone pushes to be better, but one can be smarter about it. How a
swing comes together can play a big role in a batter’s production. A batter’s production is
connected to the horizontal displacement of the ball as the further the ball goes, the closer you are
to advance a base. In baseball’s highest stage, Major League Baseball, hitter’s swing can generally
be split into two categories. First, there is a swing where the tip of the bat goes below the end of
the bat in the horizontal plane before reaching the area above home plate by tilting the body. I will
call this an uppercut swing. Secondly, there is a swing where the tip of the bat only goes below the
end of the bat in the horizontal plane at the area above home plate. I will call this a slap swing.

Accessing a swing has a number of points to consider. How does the initial velocity vary? How
does the launch angle vary? How does the point of contact vary? How does the quality of contact
vary? I will be looking at this problem from a result based point of view. Physical trainers can have
various different opinions about this and how human autonomy works together to maximize
productivity, but results are fixed and can be analyzed.

( II ) Purpose

A. To find out which swing is more efficient

B. To explain why each swing will lead to a different outcome

C. To explain how each swing can improve productivity

( III ) Research Question

Which swing between the uppercut swing or slap swing results in a greater horizontal
displacement?

II. Literature Review

In the Literature Review, all information relevant to the slap swing and the uppercut swing is going
to be researched. This information will be connected to the Analysis and Results section for a
complete overview of the topic.
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( I ) Key Components

A. Initial Velocity

( A ) The initial velocity off the bat can correlate with the amount of power transferred from
the bat to the ball as the kinetic energy is formulated through the force of the ball and the
force of the bat. This is in relation to horizontal displacement as the time for the ball to drop
from maximum vertical displacement is the same in all cases. Due to this, the faster the ball is,
the greater horizontal displacement as the ball would be able to accumulate a greater
displacement in the fixed period of time (Forces Between Bat and Ball).

B. Launch Angle

( A ) Launch Angle is the angle the ball travels in relation to the horizontal plane at the point
of contact, which is 0 degrees. Launch angle is related to horizontal displacement as it
determines how efficient is the initial velocity used. The greater the launch angle, the more
time will be available for the ball to travel horizontally. 28 degrees is widely accepted by
baseball scholars as the perfect launch angle due to ability for the horizontal velocity of the
ball to be at 88.29 kilometers per hour (kph) as it is adjacent to the hypotenuse, which has a
velocity of 100 kph as a base (Stump et al., 2020). For the same initial velocity, the launch
angle of 28 gives a vertical velocity of 46.95 kph as it is the opposite of the 28 degree angle
(Sackman & Antonio, 2023). This makes time equal to 4.79 seconds to reach the maximum
vertical displacement as known through , where t is time, v is final velocity of 0, u is𝑡 = 𝑣−𝑢

𝑎

initial velocity of 46.95 and a is acceleration or gravitational pull, which is -9.81. Time will be
the same both to the equilibrium and away from the equilibrium theoretically so the total time
to travel will be 9.58 seconds. This is the best case scenario when considering both horizontal
velocity and time (Sackman & Antonio, 2023) (Stump et al., 2020).

C. Position of contact of the center of the ball on the bat

( A ) Position of contact is important for both launch angle and initial velocity. Point of
contact for initial velocity decides the amount of force transferred to the ball. The round shape
of the bat condenses energy at the center of the bat, relative to the swing path (Forces Between
Bat and Ball, n.d.). Hitting the center of the ball with the center of the bat will theoretically
give the ball greater initial velocity, allowing it to increase its horizontal displacement in a
shorter period of time. The point of contact also places a significant role in launch angle as the
angle the position the ball and bat impacts can affect the result of the contact. Hitting the
bottom of the ball will theoretically result in a fly ball, while hitting the top of the ball will
theoretically result in a ground ball (Baseball Science 101: The Physics of Hitting a Home
Run, 2017) (Stump et al., 2020) (Cross & Lindsey, 2013). Fly balls have positive launch
angles so fly balls will result in greater horizontal displacement than ground balls.

( II ) Data Collected
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Through pages providing baseball statistics, such as Fangraphs, Baseball Savant, and Baseball
Reference, I was able to compare the outcome of players with uppercut swings and players with
slap swings.

A. In Figure 1, comparisons of eight players, creating four different sets of players who are
paired through similarities in oWAR, Offensive Wins Above Replacement, metric for
interpretation of offensive production, 0 is replacement level, used in this data set to find
similar contributors' factors that may impact horizontal displacement. Molded into a sample
size of 500 opportunities. The players are each paired with another player of relative oWAR
but with a different type of swing. The table includes average exit velocity, which is
Average Exit Velocity after impact with the bat; the launch angle, which is the angle the ball
goes after impact with bat; the sweet spot percentage, which is how often the ball comes in
contact with the center of mass of the bat, measures the amount of control the play has with
different swings; average home run displacement, which is an average displacement of the
balls with greatest displacement; maximum distance, which is the greatest displacement;
Topped% / Under%, which measures bat control, the point the center of the bat contacts
with the ball; and Ground Ball% (Down), Fly Ball % (~45 degree angle), Line Drive %
(Straight Forward), Pop Up % (Up), which explains how the path of the bat influences the
result of the contact. Sorted each player’s swing type through videos in MLB Film Room
(Albert, 1994).

( A ) Data Collected

Figure 1 (Created by Researcher) The data collected from eight different players.

B. In Figure 2 and Figure 3, I have made a mass sample of players with slap swing and
uppercut swings to find the average of the players with 400+ plate appearances’ average exit
velocity, average launch angle, sweet spot %, topped %, under %, ground ball %, fly ball %,
line drive %, pop up %.

( A ) Uppercut Swing
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Figure 2 (Created by Researcher) The data collected from Uppercut Swing Hitters.
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( B ) Slap Swing

Figure 3 (Created by Researcher) The data collected from Slap Swing Hitters.
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III. Research Methods

This research paper will use information found online, such as theories, ideas, information and
statistics to formulate a clear response. The research method applied for this paper is very simple as
this paper uses previously discovered theories and ideologies to implicate the topic. Data is then
collected for further analysis to formulate a proper and information conclusion.

Figure 4 (Created by Researcher) The research plan from stage to stage.

IV. Analysis and Results

The factors that are involved in hitting a baseball are vast, the different approach players can take in
their swinging path may decide a lot about their end result. In the uppercut path swing, players lean
downwards on the backside of their body to bring the bat down. In the slap-path swing, players
bring their bat directly to the ball or dip their bat below the ball. Through data collected, four
comparisons have been made between equally successful hitters. Of these comparisons, Immediate
attention would be brought to the ground ball and fly ball percentage rates. Players using the
uppercut swing path have a greater flyball rate in three out of the four pairs made (Baseball Science
101: The Physics of Hitting a Home Run, 2017). Players using the uppercut swing path also have a
greater groundball rate in three out of the four samples. Ground balls tend to have a maximum
horizontal displacement of 40 meters whilst fly balls have a maximum horizontal displacement of
155 meters. Results also show slap swing hitters are more likely to hit the top of the ball, uppercut
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swing hitters are more likely to hit the bottom of the ball. These statistics incline to uppercut swing
hitter having an advantage over slap wing hitter in terms of horizontal displacement of the ball after
impact. In the data sets featuring players with 400+ plate appearances, exit velocity was not an
apparent factor; however, the launch angle is shown to have a 4 degree difference between the
uppercut swing and the slap swing, with the uppercut swing having the upside. This may be the
deciding factor between the two different swings

V. Conclusion and Suggestions

( I ) Conclusion

How do swing paths influence horizontal displacement in hitting a baseball?

The Uppercut swing would give the batter a greater advantage in creating greater horizontal
displacement as placing the bat path near parallel to the 28 degree launch angle can provide a
better plane of contact with the ball, giving the ball a better launch angle for the adequate time the
ball needs to fly and have a great horizontal displacement. The exit velocities didn’t vary much,
with the uppercut swing having a slight advantage. The results have shown the uppercut swing
being more friendly to batters chasing greater horizontal displacement.

From this study, it can be shown that the uppercut swing can bring more horizontal displacement to
the ball through the difference in swing path causing a greater launch angle to occur. This may
benefit a lot of youth baseball players, middle school baseball players, and highschool baseball
players who want to add more power. This demonstrates how horizontal displacement can be
increased and may be of much help to baseball players all over the world.

( II ) Suggestions

Baseball players are trending to dependency on personal training staff and other supporting
members to help with personal development. This may not be necessary as repetitions and correct
ideologies are important, comfort is often the most important factor to a great hitter. Forcing a
player and their unique anatomy to conform to the anatomy of another is inefficient and
ineffective. If the uppercut swing doesn’t bring greater horizontal displacement to the ball, don’t
force it.
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