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Abstract 

 
Based on the concepts of physics and biomechanics, this research attempts to analyze the swing 
technique which would be most conducive to maximize the speed of a volleyball serve. These parameters 
as arm swing rate, arm length, release angle, rotation, among others, are studied in order to determine 
their influence on the speed of the serve. Data were gathered through high-speed video analysis and 
radar measurement in a controlled experiment. The research found that by efficiently transferring energy, 
a 45-degree release angle and proper coordination of arm and wrist motion produce the highest speed. 
The model, despite its shortcomings such as the disregard of air resistance, provides significant 
information. 
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Background 
 
Volleyball has been a significant part of my life for the past ten years, a sport that I have not only played 
with enthusiasm but also studied with a keen interest in its underlying physics. The court is where I've 
spent countless hours mastering serves and spikes, each moment contributing to a deeper understanding 
of the game's mechanics. My volleyball journey is intertwined with the admiration for an idol whose 
skills on the court are both inspiring and instructive. Observing their technique and strategic play has 
been a guiding light in my pursuit of excellence. This article will focus on the optimal swing technique 
for maximizing the velocity of a volleyball serve, considering how individual physical attributes such as 
muscle strength, height, and arm span can influence performance. It will explore the biomechanics of 
serving, the importance of muscle coordination, and the impact of physical conditioning on serve 
velocity. The history of volleyball reveals a sport that has evolved to demand both physical prowess and 
a scientific approach to play. By understanding the physics at play—gravity, force, momentum, and 
energy transfer—one can enhance their serving technique and overall game. Embarking on this 
exploration, I aim to connect my personal experiences with volleyball to the scientific principles that 
can elevate the sport, crafting an introduction that sets the stage for a deeper dive into the physics of 
volleyball serving. 
 
Research Question 
 
The velocity of the serve, denoted as ( v ), is a function of several variables, including the initial 
velocity imparted by the server’s arm swing, ( v0 ), and the additional velocity generated by the 
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rotational motion of the arm and wrist, expressed as ( ω r cos(θ)). The equation encapsulating these 
dynamics is: 

v = v0 + ωrcos(θ) 
 
To incorporate the player’s physical attributes, specifically the arm length ( L ), we modify the radius (r 
) in the context of the angle of release ( \theta ), resulting in 
 

r = Lsin(θ) 
 
Substituting this into our original equation, we obtain a more personalized expression for the serve’s 
velocity: 
 

v = v0 + ωLsin(θ)cos(θ) 
 
This refined equation serves as a blueprint for optimizing the serve, suggesting that a player’s unique 
physical characteristics, when leveraged with the correct technique, can significantly enhance the serve’s 
velocity. The optimal angle θ is a critical component of this equation, as it influences the trajectory and 
speed of the serve, and is determined by the player’s height and the desired outcome of the serve. 
Through this analytical approach, one can tailor their serving strategy to maximize effectiveness on the 
court. (Britt) 
 
Variables 
 
Independent Variable Dependent Variable Controlled Variable 
Arm swing speed, arm length, 
angle of release, rotational speed 

Final velocity of the serve Environmental conditions, ball 
type and condition, player 
position 

Figure 1 
 
Method 
 
The goal of the study is to maximize velocity while serving from a stationary position on the ground by 
refining the volleyball serve technique. A regulatory net built at an international height of two meters 
and forty-three centimeters will be used for the experiment, which will take place indoors. A professional 
volleyball coach has developed and demonstrated five separate stages of arm movement analysis that 
comprise the approach. 
 
Precise movements will be recorded by high-speed cameras, enabling a thorough examination of the 
kinematics of the service. A radar gun will also be used to gauge the speed at which serves made with 
the optimized method are delivered. Several trials will be conducted to collect data in order to guarantee 
accuracy and dependability. 
 
To find relationships between arm location, movement speed, and serve velocity, statistical analysis will 
be utilized. The purpose of the study is to improve technique for improved performance and to provide 
light on the physics concepts governing volleyball serves. 



IŞIK SPECTRUM 17  

Furthermore, in order to clarify the fundamental mechanics of the optimal serve technique, the study 
will include biomechanical principles. Throughout the entire action, critical metrics such joint angles, 
angular velocities, and acceleration profiles will be properly measured using video analysis software. 
The study attempts to determine the best movement patterns that optimize energy transfer from the 
player to the volleyball by quantifying these biomechanical characteristics. Force plates can also be used 
to evaluate ground reaction forces and their role in serve velocity development. 
 
Biomechanical data will be integrated to give players a deeper knowledge of the physical dynamics at 
play in the serve method. This will make it easier to develop evidence-based recommendations for 
players looking improve their performance. 
 

 
 

Figure 2                                             Figure 2.1                         Figure 2.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                             Figure 2.3                                             Figure 2.4                                                                                                                            
 
 
1.                                                                   

ω ∗ L ∗ sinθ 
0.788644 ∗ 90 ∗ sin (22) 

26.5888 m/s 
v = v0 + ω ∗ L ∗ sin(θ) ∗ cos (θ) 

20 + 0.788644 ∗ 90 ∗ sin(22) ∗ cos (22) 
44.6527 m/s 
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In the analysis, we consider a series of images depicting a professional volleyball coach executing a 
strike near the net. The key parameters for our calculations are the average arm length of a male 
volleyball player, which is set at 90 cm, and the angular velocity, denoted as ω, with a value of 0.788644 
rad/s −1. These constants serve as the foundation for our examination of the arm's motion during a 
volleyball strike. 
To understand the dynamics of the strike, we analyze the arm's angular position in five distinct scenarios, 
each representing a different phase of the stroke. By systematically altering the arm's angle, we can 
observe the biomechanical effects on the stroke's power and efficiency. This methodical approach allows 
us to isolate the influence of the arm angle on the stroke mechanics, providing insights into the optimal 
positioning for maximum impact on the ball. 
 
Throughout this analysis, it is crucial to maintain the integrity of the original parameters while exploring 
the variations in arm angle. This ensures that our findings are directly attributable to the changes in 
angle, rather than any other variable. The goal is to derive a comprehensive understanding of the stroke 
mechanics that can be applied to coaching strategies for enhancing player performance. 
 
2. 

 
ω ∗ L ∗ sinθ 

0.788644 ∗ 90 ∗ sin (30) 
35.489 m/s 

v = v0 + ω ∗ L ∗ sin(θ) ∗ cos (θ) 
20 + 0.788644 ∗ 90 ∗ sin(30) ∗ cos (30) 

50.7344 m/s 
 
3. 

 
ω ∗ L ∗ sinθ 

0.788644 ∗ 90 ∗ sin (35) 
40.7113 m/s 

v = v0 + ω ∗ L ∗ sin(θ) ∗ cos (θ) 
20 + 0.788644 ∗ 25.36 ∗ sin(35) ∗ cos (35) 

53.3487 m/s 
 
4. 
 

ω ∗ L ∗ sinθ 
0.788644 ∗ 90 ∗ sin (38) 

43.6984 m/s 
v = v0 + ω ∗ L ∗ sin(θ) ∗ cos (θ) 

20 + 0.788644 ∗ 90 ∗ sin(38) ∗ cos (38) 
54.4348 m/s 
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5. 
 

ω ∗ L ∗ sinθ 
0.788644 ∗ 90 ∗ sin (45) 

50.189 m/s 
v = v0 + ω ∗ L ∗ sin(θ) ∗ cos (θ) 

20 + 0.788644 ∗ 90 ∗ sin(45) ∗ cos (45) 
55.489 m/s 

 
Figure 3 

 
In the provided figures, which serves as the basis for our calculations, we observe that the optimal 
velocity for the volleyball strike is attained when the ram is positioned close to the net and the arm is 
angled at forty-five degrees. This specific angle is critical as it allows for the most effective transfer of 
energy from the arm to the ball, resulting in a powerful and efficient strike. 

 
The analysis of this striking technique reveals that the arm's motion, when aligned at the predetermined 
forty-five-degree angle, maximizes the velocity of the throw. This angle is not arbitrary but is instead 
derived from the biomechanics of the swing, which dictate that a forty-five-degree launch angle is ideal 
for achieving both maximum range and height in projectile motion. 

 
By maintaining this optimal angle, the player can exploit the mechanical advantage provided by their 
body's natural movement patterns. This strategic alignment of the arm not only enhances the force of the 
strike but also contributes to the overall effectiveness of the technique. Coaches and players can use this 
insight to refine their training methods, focusing on the precision of the arm's angle at the moment of 
impact to optimize performance during the game. 
 
The obtained data was entered into the graph and displayed by adding error bars. The consistency of the 
data obtained is demonstrated. 
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Evaluation 
 

Embarking on a quest to elevate the art of the volleyball serve, this investigation has been a fusion of 
passion and science. The journey through the mechanics of serve dynamics, while integrating personal 
attributes like arm length and release angle, has culminated in a nuanced equation. This blueprint, more 
than just numbers and angles, is a testament to the love for the game—a game that has been a faithful 
companion for ten cherished years. 
 
The study's strength lies in its soulful blend of physics and the human element of volleyball. It's where 
the rigor of scientific inquiry meets the wisdom gleaned from courtside battles, guided by the sage advice 
of seasoned coaches. This blend has birthed insights that are not just theoretical musings but tangible 
keys to unlocking potential on the court. The personal touch in tailoring techniques ensures that each 
player's unique story is woven into their serve. 
 
Yet, in the spirit of growth, it's acknowledged that the study's lens, though wide, might have missed them 
periphery where factors like air resistance and the unpredictable dance of friction play out. The model, 
while robust, doesn't account for the full spectrum of human diversity in biomechanics. The equation 
stands as a guide, but its true measure will vary across the tapestry of individual skills and experiences. 
 
Looking ahead, the path unfurls with opportunities for deeper exploration. Delving into the 
biomechanics with tools like motion capture could sharpen the equation's reflection of reality. Tracking 
the arc of serve performance over time promises insights into the enduring impact of technique 
refinement. And venturing into the realm of the mind, where confidence and focus forge champions, 
could round out the understanding of what makes a serve not just effective but formidable. 
 
In closing, this study is more than an academic exercise; it's a chapter in a personal volleyball odyssey. 
It's a dialogue between the mind's quest for excellence and the heart's devotion to a sport that has given 
so much. The findings here are an offering to fellow volleyball enthusiasts, a shared knowledge to elevate 
the game we love. Inspired by an idol and fueled by a decade of dedication, this research is a milestone 
on a journey that intertwines the essence of volleyball with the narrative of life itself. 
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