
A Close Look at the Applications of Physics in the Sport of Gymnastics: 
A Literature Review and Analytical Examination 

Honors Thesis 

Colleen Dupuis 

Dr. David Grosnick, Advisor 

Ball State University 

Muncie, Indiana 

Submitted: May 2005 

Expected Graduation: May 2005 



} 
Physics of Gymnastics 1 

Acknowledgements 

I would like to thank Dr. David Grosnick for all of his time, effort, and creativity 

throughout the development of this project. His guidance and knowledge were ideal, and 

he provided the work environment I needed to complete this project. 

I would also like to thank the Physics Department for allowing me to use their 

equipment to gather and analyze the data for this project. 

Finally, I would like to thank my gymnastics coaches and teammates at Ball State 

University for being my inspiration in choosing this topic. I would also like to 

specifically thank Jessica Surridge, TeShawne Jackson, and Jenna Tarkington for 

allowing me to record, analyze, and illustrate their gymnastics skills. 



Physics of Gymnastics 2 

Abstract 

This project will show the correlation between gymnastics and specific laws of 

physics and will demonstrate specific principles of physics by examining a variety of 

gymnastic skills. It will describe the sport of gymnastics, the basic concepts of physics, 

and how they relate to each other. This project will analyze the front-handspring front

tuck on the vault, the giant on the uneven parallel bars, the full turn on beam, and the 

double back-tuck on the floor exercise. Quantitative and qualitative analyses will be used 

to understand each of the skills more clearly. Lastly, this paper will discuss the 

importance of knowledge of physics as a factor in all sports. 
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Introduction 

Gymnastics is a sport that intertwines dance and acrobatics, strength and 

flexibility, power and grace. It is a sport that mates the rules of physics with creativity. 

Gymnastics teaches basic principles: discipline, goal setting, sportsmanship. It is one of 

the most time consuming sports (an average elite gymnast trains forty hours per week) 

and can be very demanding on the mind and body. Gymnastics is physically challenging 

because of the level of strength and flexibility required to perfonn gymnastics skills, as 

well as the amount of landings and unnatural positions gymnasts must execute. 

Gymnastics is a very unique and difficult sport which, when looked at from a physicist's 

perspective, is derived around a few simple principles of physics. 

In order to understand the sport of gymnastics, it is important to learn the history 

of the sport. With gymnastics being such a physically demanding sport, it is easy to 

understand why the Greeks used it for bodily development and as a competition in the 

Olympics. But gymnastics did not originate in Greece. 

Gymnastics is believed to have first originated in Egypt as a a fonn of 

entertainment for the Pharaohs as early as 5000 Be.Gymnastics technique was also used 

for bull-fighting in the Minoan civilization (Baker). From there, gymnastics spread to the 

Greeks, who adapted it into a sport and combat-training mechanism. Due to its intense 

physical nature, the Romans adopted gymnastics from the Greeks to help train their 

soldiers. 

The actual word gymnastics comes from the Greek gymnazein, which means 

literally "to exercise naked" (Hultman). It has been said that the Olympic participants 

were required to be naked in order to prevent men from dressing as women and 
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competing in women's events. After the Greek and Roman eras, gymnastics lost its 

popularity; physical prowess became less acknowledged. This lasted until the beginning 

of the Renaissance, when all sports began to regain popularity. 

Fittingly, because of its history, gymnastics was included in the first modem 

Olympics in 1896. But only men competed. Recognition of gymnastics continued to 

grow during the twentieth century, and in 1928, women's gymnastics was included in the 

Olympics. 

The sport of gymnastics is continuing to expand. Rhythmic gymnastics, 

trampoline, and power-tumbling have been added to the already-mentioned men's and 

women's artistic gymnastics. No matter what form of gymnastics is developed in the 

future, it will still be based around the same laws of physics within which the early Greek 

gymnasts worked. 

Gymnastics is generally broken down into three groups: women's artistic, men's 

artistic, and rhythmic (trampoline and power-tumbling are still developing groups of 

gymnastics). Even though all three types of gymnastics involve physics, only women's 

artistic gymnastics will be discussed in detail throughout this paper. 

Women's artistic gymnastics can then be broken down even further into four 

events: vault, uneven parallel bars, balance beam, and floor exercise. A routine 

comprised of skills and dance is performed on each of the events. Each routine is scored 

on a 10.0 scale, as long as the requirements are met and the 10.0 start value is earned. 

Each skill is given a value, and the gymnast must perform a specific amount of 

combinations of high-value skills or single skills of the highest values in order to achieve 

a 10.0 start value. From there, the judges have a strict set of rules to subtract from the 
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start value depending on deductions, which may include falling off of (or on to) the 

equipment, steps or hops on landing, leg separations, bent arms or legs, or any incorrect 

body positions. Generally there are multiple judges who average their scores to keep the 

scoring as fair as possible. 

It is obvious that several physical laws describing motion are the basis ofthe 

sport. Even though most gymnasts do not specifically acknowledge the physics involved, 

it is a sport ruled by many ofthe laws of physics. According to sports-writer Tommy 

Deas, "Gymnastics may seem to defY gravity and the laws of the universe as they tumble 

and spin through the air, but they are actually relying on the principles of physics to 

perform their feats" (Deas). In fact, because physics is such a fundamental part of 

gymnastics many physics teachers use it as an example in their classrooms. Throughout 

this paper, four specific skills of gymnastics will be analyzed in terms of the physical 

principles that make possible the completion of each. 

Vault 

The first skill to be analyzed is the front-handspring front-tuck vault. During this 

vault, the gymnast runs down the runway, hits the springboard with her feet, then pushes 

off of the horse with her hands (in a near handstand position), and rotates one-and-a-half 

times to land on her feet on the mats. Even though a vault is only a few seconds long, it 

consists of four separate parts: run, board hit, pre-flight, and post-flight. Each of these 

sections will be analyzed separately. 

The first section of any vault is the gymnast's run, takeoff from the springboard, 

and movement towards the horse. The run is generally around 25 meters long, and ends 
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at the springboard, which consists of anywhere from six to eight springs. The kinetic 

energy developed by the gymnast can be found by using the equation 

KE = 0.5mv2
, (Eq. 1) 

where m = mass and v = velocity. The force of the gymnast jumping onto the 

springboard would equal the gymnast's mass multiplied by her acceleration; this is 

Newton's second law: 

F=ma. (Eq.2) 

The smaller the mass of the gymnast, the faster she needs to run in order to gain 

the same amount of force as a gymnast with a greater mass. Each gymnast has a different 

mass and acceleration, therefore the amount of force each gymnast creates before hitting 

the board will be different. After recording the time and distance of TeShawne Jackson, 

her average acceleration (from rest until she reached the springboard) was calculated 

using the equation 

a = (Vf- Vi )/t, (Eq.3) 

where a = acceleration, Vf = final velocity, Vi = initial velocity (in this case, Vi = 0, since 

she began from rest), and t = the time (from her start until she reaches the springboard). 

TeShawne's average acceleration was 0.213 mls2
. This acceleration was then placed into 

the equation for force (eq. 2), which showed TeShawne's force exerted on the 

springboard to be 13.55 N (newtons). This force will then be transferred into potential 

energy in the springboard. 

The second section of the vault is the transfer of kinetic energy to potential energy 

in the springboard. As the springboard compresses, 

(Eq.4) 
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where PEelastic = the potential energy of the spring, k = the specific spring constant, and 

x = the displacement of the spring from its equilibrium position (Physics Investigation). 

The action of landing on the board is often referred to as the 'punch'. The more force in 

the punch, the greater the amount of kinetic energy transferred to potential energy. 

Another application of physics to this section of the vault is the work-energy 

theorem. Work is defined as "the product of the magnitude of the force times the 

distance through which it acts as the object is moved" (Childers 177). The work-energy 

theorem explains that the work done on the gymnast from the springboard is equal to the 

change in the kinetic energy, so the equation for work is 

W = F(i1x) = i1KE. (Eq.5) 

Therefore, if the work done is positive, there is an increase in kinetic energy 

(Childers 183). This is the return of kinetic energy to the gymnast from the springboard 

and is the force that allows the gymnast to move from the springboard to the horse. 

Body positioning as the gymnast punches the board is another important factor. 

The total vault is highly dependent upon increasing the magnitude of the vertical force 

component at the takeoff. The net force produced by the quadriceps during extension of 

the knee joint can be changed by the placement of the patella. The patella has the ability 

to change the angle of quadriceps insertion in the tibia. By increasing the angle of 

insertion, more of the total amount of force produced by the quadriceps muscle can be 

directed along the angular component, resulting in a greater torque for a powerful and 

effective takeoff (Physics Investigation). This change in energy can be summed up in the 

following equation: 

TE = KE + PE = (1I2)mv + (1I2)kx. (Eq.6) 
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Where TE total energy, which equals the sum of kinetic energy (KE) and potential 

energy (PE). 

Next is the section of the vault that extends from the board punch until the 

gymnast's hands hit the horse, also known as the pre-flight. This particular flight 

includes a half of a rotation. Therefore it is rotational and translational in nature. 

Finally, the vault ends with the post-flight. This is the section when the gymnast 

pushes her body off of the horse, flips a total of one-and-a-halftimes (which is from her 

hands to her feet, and again all the way around to her feet landing on the mat). This is 

generally the part of the vault where the gymnast will have the most deductions because 

the gymnast must land a specific distance away from the horse, be a certain height in the 

air, and land with no steps or hops on the mat. Even though this is the most critical 

section of the vault for earning a high score, it is dependent on the previous three sections 

of the vault to be performed correctly and safely. 

To push off of the horse, gymnasts must maintain fairly straight arms and do most 

of the work by relaxing and then extending through their shoulders. Two-time NCAA 

vault champion Ashley Miles explains, "It all turns into technique after your run. You can 

kill the vault just by bending your arms a little bit" (Deas). This is because the shoulders 

are to acting as springs, and by bending her arms a gymnast absorbs too much of the 

energy. 

Once the gymnast is off of the horse, her body moves in a parabolic path -as 

expected from any projectile motion (see Fig.1) -with her hips near the center of mass. 

The initial velocity is directed upward because of the push off of the horse, but gravity 

causes a downward acceleration, which will cause the gymnast to land. During her post-
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flight, her displacement and her translational velocity along the x-axis (horizontally away 

from the horse) are constant rates (see Figs. ! and 2). This is due to Newton's First Law, 

which states "an object in motion will stay in motion unless acted upon by an outside 

force" (Childers 103). There is no other force working on the gymnast in the x-direction, 

but gravity changes the gymnast's velocity along the y-axis. Her displacement along the 

vertical axis was also measured and graphed (Fig.!). 

Not only does the gymnast have translational movement in both horizontal and 

vertical directions during the post-flight section of the vault, she also has rotational 

movement. The torque of the gymnast is created by the movement of her legs over her 

head and the push of her shoulders off the vault. This can be seen by the one-and-a-half 

flips she completes. The angular velocity of the gymnast increases when she 'shortens' 

her body by pulling her legs and arms in closely to her torso, forming a tuck position. 

This increase in rotational velocity is an example of the law of conservation of angular 

momentum, which is defined as a constant angular momentum by the following equation: 

10(00 = ltffif, (Eq.7) 

where 10 and If= the initial and final moments of inertia, and (00 and (Of = the initial and 

final angular velocities. In the tucked position, a gymnast has a smaller moment of 

inertia and thus a greater angular velocity than at any other point during the vault 

(Childers 289). If the vault were performed in a straight body position, the moment of 

inertia would be greater and the angular velocity would be less. This explains why 

flipping in a lay-out position rotates more slowly, and is therefore more difficult. Skills 

completed in a lay-out position are generally worth a higher value than skills performed 

in a tucked position. 
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The landing on vault, as well as any landing on any of the other three events, is an 

example of Newton's Third Law. This law states that "for every action there is an equal 

and opposite reaction." Therefore, "if body A exerts a force F AB on body B, then B 

exerts a force FBA on A, so F AB = -FBA" (Childers 112). This law is seen when the 

gymnast punches off of the springboard, as well as when she pushes off the horse to start 

her post-flight. Gymnasts try to get as much height and distance away from the 

equipment from which they are dismounting because it allows them to fall at angle closer 

to 90 degrees with respect to the landing mats. According to Tommy Deas, "the reason 

she tries to create a straight drop to her landing is because her landing creates a reaction 

force." He goes on to explain that "the reaction force exerts itself from the ground up at 

the same 90-degree angle, so it doesn't push her forward or backward" (Deas). It is the 

same effect as jumping onto a trampoline with your feet in front of you; it will throw 

your body back in the opposite direction. The most noticeable physics movement is in the 

compression of the mats as the gymnast lands. Because the mats are soft and flexible, 

this time the force of the gymnast is applied to mats is great. This can be defined by 

impulse: 

~p = F~t. (Eq.8) 

where ~p the change in impulse, F :=::: force, and ~t = change in time. The longer the 

gymnast is on the mats and/or the greater the force ofthe gymnast on the mats, the 

greater the change in impUlse. 
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Uneven Parallel Bars 

The second skill to be analyzed is the giant on the uneven parallel bars. This skill 

begins with the gymnast in a handstand on the higher of the two bars. The gymnast then 

swings down, around the bar, and back up to a handstand, with only a minor change in 

body position to gain speed as she passes the lower bar. "You can calculate the exact 

amount of force it takes to hang on from a dead handstand to the bottom of the arc, and 

it's very large," says Chet Alexander, a physics professor at University of Alabama. "It 

takes four times their body weight" (Deas). The formula to calculate the force of the 

gymnast can either be linear force or centripetal (circular) force. The formula for linear 

force is the product of mass and acceleration (eq. 2), which is partially due to gravity, (as 

the gymnast is falling from the handstand position). The actual acceleration of gymnast 

Jessica Surridge was not -9.8 mls2
, but actually -7.92 mls2 because she had a grasp on the 

bar and wass not completely free-falling. Centripetal force is measured using the 

equation 

(Eq.9) 

Where Fe = centripetal force, m = mass, v = velocity, and r = the radius of the circle (the 

distance of the center of mass from the center of the circle). During the giant, the 

distance between the gymnast's navel and the bar the gymnast is holding is the radius. 

The other factors are also the velocity and mass of the gymnast. 

After analyzing the displacement of a giant, it is obvious as to why the x - and y

positions relate to one another (Fig. 6). As the gymnast travels through all four 

quadrants, both the x - and y- positions will make travel along a sinous revolution, each 

reaching one positive and one negative peak along the two waves (Fig. 6). 
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The angular displacement of a giant is linear with a constant positive slope (Fig. 

8). This is due to the fact that the gymnast is continuously moving in a counter

clockwise direction measured in radians. The position the gymnast is in directly before 

returning to the starting position handstand at the end of the giant has the highest value in 

radians. The angular velocity of the giant should also be a straight line with a positive 

slope because the slope of the displacement should be constant. Outside factors have 

effected the slope of Figure 8, which has an even greater influence on the the graph of 

angular velocity (Fig. 9). 

The giant is considered a basic skill in gymnastics, so it is very important. Giants 

are the backbone of skills such many release moves, and a giant can also be done in the 

opposite direction with a reverse grip (known as front giants), It is also used to gain 

speed for the swing into a dismount. Even though all upper-level gymnasts can do giants, 

very few realize the physical laws behind the skill. 

Balance Beam 

The third event of women's gymnastics is the balance beam. A standard balance 

beam is four feet high and four inches wide. Most gymnasts would agree that the beam is 

the easiest piece of equipment to fall off, and it takes a great deal of body and spatial 

awareness to perform high-level skills. 

A gymnast must stay steady on the beam by keeping her center of mass squarely 

aligned over the center of the beam. "When you see a wobble, [gymnasts] are moving 

their center of mass," says Phil Hardee, a University of Alabama professor of physics and 

astronomy department. "All they've really got is about an inch either way" (Deas). The 
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center of mass for most people is generally located around their navel (while standing 

upright). This could vary depending on height, mass, and mass distribution. The task of 

they gymnast is to find her center of mass in whatever position she is in on the beam. By 

bending her knees, a gymnast lowers her center of mass closer to the beam. A gymnast 

who bends her knees or sticks her anns out to the side is trying to correct her center-of

mass position with respect to the beam, which will enable her to stay on the beam. 

Duringjurnps, turns, and flips, a gymnast must be aware of her body position in 

correlation to the beam in order to land back on it without wobbling or falling off. 

The skill that was chosen to be analyzed on the balance beam was the full turn. 

This skill involves the gymnast making a complete turn on one foot in the horizontal 

direction. This, like the giant, is a basic skill that all gymnasts learn how to do at a low 

level. But after learning to do it well, gymnasts may do more than one whole circle or 

connect it to jumps to make a combination. Gymnasts may also change their leg position 

in the full tum, increasing the difficulty. A turn (full or one more difficult) is a 

requirement of beam routines of all levels, and lacking to perform a full turn would result 

in a deduction off of the gymnast's score. 

lbis skill was qualitatively analyzed. The spin of the full turn begins with a 

torque on the gymnast's hips (because it is the center of mass). As the gymnast begins 

the tum, she pulled her arms inward, directly above her head. She also moves her free leg 

inward into a pique ballet position. This combination of inward movement increases the 

angular velocity of the tum. This, like the front-handspring front-tuck vault, is another 

example of the conservation of angular momentum (Eq. 7). The gymnast's moment of 

inertia decreases as she brings her anns and legs inward, so the angular velocity 
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mcreases. At the end of the turn, the arms drop open to the sides, and the free leg 

straightens to increase her moment of inertia and decrease her angular velocity; this 

allows the gymnast to slow down and finish squarely in the direction she prefers. 

Floor Exercise 

The equipment for floor is fairly simple. It is a square ten meters by ten meters 

(there is an 'out of bounds' safety zone of one meter). The floor consists of a layer of 

carpet that covers a matrix of small springs, which provide the floor with some surface 

elasticity (but not nearly as elastic as a trampoline). 

The floor exercise is a unique event because it is the only event that is performed 

to music. Floor routines are a required length of 1 : 10 to 1 :30. The music is up to the 

discretion of the gymnast and her coaches (though words or voices in the music will 

result in deduction). Floor exercise routines include: simple dance, leaps, turns, acrobatic 

skills, and any combination thereof. The floor exercise is often considered the most 

artistic and graceful event because it combines a great amount of dance and tumbling 

skills. But because of its beauty, the physics involved in a floor routine are often 

overlooked. 

Many of the skills involved in the floor exercise follow the same basic principles 

as those previously discussed. For example, the full turn qualitatively analyzed on the 

balance beam is often performed in a floor routine. A tum with more rotations (a double

tum or triple-turn) may also be performed on the floor following the same rules of 

physics. Also, many of the tumbling skills have translational and rotational movement 

just as the front-handspring front-tuck vault did. 
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One skill that shows this especially well is the double-back. The double-back is 

generally performed at the end of a round-off back-handspring, and involves the gymnast 

performing two flips in a tucked, piked, or layed-out position before landing on the floor. 

As the skill is observed, it is easy to see the center of mass of the gymnast follow a 

parabolic path, since she takes off a distance from where she lands and has a maximum 

height that is reached in the middle of the skill. This parabolic path is much like the one 

seen from the translational displacement during the analysis of the vault. The gymnast 

rotating around her own center of mass (the two flips) shows the rotational movement of 

the gymnast in much the same way that the gymnast performing the front-flip off of vault 

also rotated around her center of mass. A double-back in the tuck and pike positions are 

of equal value, but the straight-bodied double-back (also known as a double-layout) is of 

a higher value because it is more difficult. This is because the larger the distance from 

the axis (larger moment of inertia, 1) of the rotating object, the more torque is required to 

rotate the object at the same angular acceleration. This is seen in the equation for torque: 

't la. (Eq. 10) 

where torque 't, the moment of inertia 1, and angular acceleration a. This is also an 

example of the law of conservation of angular momentum (Eq. 7) because the gymnast's 

moment of inertia is smallest and her angular velocity is greatest when she is tucked 

(Childers 289). At the end of the two flips, the gymnast elongates her body to increase 

her moment inertia and slow down her angular velocity to prepare to land. 
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Methodology and Data Analysis 

There were many steps in quantitatively and qualitatively analyzing the physics 

involved in gymnastics, and there are multiple factors that contribute to the actual results. 

The first step that needed to be completed was determining which skill would be 

analyzed on each of the four events. There are thousands of skills that can be performed 

in gymnastics, and each of them is a product of many physical laws and theories. There 

were several factors involved in choosing which skills to analyze: 

1. Which theories of physics did they demonstrate? 

2. How obvious were those laws when observing the skills? 

3. Could one of my teammates perform the skill? 

4. How easily could the skills be videotaped? 

Once the skills were selected, it was time to record the skills. This required more 

effort than had been expected. For each event, several distances had to be measured, 

marked, and viewable in the video. The camera had to remain steady and level, even 

though the height and location of the gymnast would change quite dramatically. After a 

few trial runs, the videotapes of each skill turned out very well. 

The third action to be taken was transferring the video from the tape to the 

computer, and then gathering the data off of the video clips to be analyzed. After being 

placed on the computer, the data was collected using the program "World-in-Motion". 

This program was able to record the distance and time by going through each video 

frame-by-frame. The time length of each frame is 1I30th of a second. The full tum on 

beam and the double-back on floor were not transferred onto the computer because they 
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were qualitatively analyzed by viewing the video clips several times at regular-speed and 

slow-motion. 

Finally, the data was organized and analyzed using Microsoft Excel. The data 

was entered into a spreadsheet and charts were created to make the data more 

understandable (see appendices). Multiple graphs were made for vault and uneven bars, 

including many displacement and velocity graphs (Figs. 1-9). 

Conclusion 

Gymnastics is just one sport that utilizes physics. In fact, all sports are based on 

the principles of physics. For example, in baseball there is a force when the bat hits the 

ball and an impulse when the ball lands in the glove. Anytime someone runs, there is a 

force applied to the ground by the person's feet and a force on the person's feet applied 

by the ground. Therefore, Newton's second law is occurring in almost all sports because 

running is such a common part of most sports. Diving applies the same law of 

conservation of angular momentum as many skills in gymnastics because they also 

change their moment of inertia to increase or decrease their angular velocity. Every 

athlete must learn to use physics to his or her advantage in order to be successful. 

Gymnastics is an inherently dynamic sport, and even though it will always be 

changing, it will forever be based around the laws of physics. John Di Bartolo, a physics 

professor at Brooklyn Polytechnic University, states, "It's very beautiful artistically, but 

it's governed by very rigid rules. I prefer the term 'manipulate' rather than 'defy'. You're 

not trying to defy gravity . You are trying to use it" (Deas). 
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Figure 1: Displacement vs. Time on Vault 
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Figure 2: Velocity vs. Time on Vault 
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Figure 3: Acceleration vs. Time on Vault 
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Figure 4: Time vs. Angular Displacement on Vault 
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Figure 5: Time vs. Angular Velocity on on Vault 
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Figure 6: Time vs. Displacement on Bars 
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Figure 7: Velocity vs. Time on Bars 

8 Tf------f--

6~--------~~----~----~--------~--_;--------------~ 

.~ . :. 
4~----------~----~----~~'-----~~~~------------~ 

• • 

.: • 
~ . . 

~~----------~ ____ ~ ____ ~-. __ ~~~ __ ~~~.ml ___________ ~ 

i - • • 
~ • · • · • •• g t 
~o~.---.------~ ... --~~----~----~--~~~~~----~~·----~ 

O• ::.~1.2 14 16 

• • 

oj:; 

• 

.. . 
• 

• 

f .. 
. . 

-i • 

~~--------~~----~----~--------~--~--------------~ 

Time (s, 

+X velocity 

.y 
Velocity 

The relationship between time and velocity during a giant on uneven parallel 
bars. 



Physics of Gymnastics 25 

Figure 8: Time vs. Angular Displacement on Bars 
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figure 9: Time vs. Angular Velocity on Bars 
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Al2l2endix A 
Data From the Front_Handspring Front_Tuck Vault 

distance x distance y y Omega 
time (s) (m) (m) x velocity y velocity x acceleration acceleration Theta (rad) (radls) 

0 5.19 1.397 1.515 
0.033 5.067 1.52 -3.880597 4.0895522 1.857 9.172 
0.067 4.93 1.671 -4.492537 4.4925373 -10.1493887 -8.57314513 2.121 8.775 

0.1 4.766 1.821 -4.560606 3.5151515 -12.663953 -24.6494799 2.436 9.704 
0.133 4.629 1.903 -5.328358 2.8656716 -17.4736899 -15.9311988 2.761 11.667 
0.167 4.409 2.013 -5.731343 2.4477612 8.519141065 -11.7897622 3.206 12.58 

0.2 4.245 2.067 -4.757576 2.0757576 31.20759837 12.663953 3.591 12.53 
0.233 4.095 2.15 -3.671642 3.2835821 19.10393757 26.9379021 4.033 15.101 
0.267 3.999 2.287 -3.477612 3.880597 -7.16228896 3.6824021 4.588 14.71 

0.3 3.862 2.41 -4.151515 3.530303 -18.5436454 -1.2784E-13 5.004 14.505 
0.333 3.725 2.52 -4.701493 3.880597 -8.2086177 -0.78643418 5.545 14.01 
0.367 3.547 2.67 -4.701493 3.4776119 5.042629458 -23.7719138 5.928 13.904 

0.4 3.41 2.753 -4.363636 2.2878788 -6.33197648 -31.2075984 6.463 15.598 
0.433 3.259 2.821 -5.119403 1.4179104 -5.04262946 -31.0287099 6.958 10.338 
0.467 3.067 2.848 -4.701493 0.2089552 26.88389801 -27.268677 7.145 10.14 

0.5 2.944 2.835 -3.318182 -0.409091 21.70963365 -6.33197648 7.627 14.771 
0.533 2.848 2.821 -3.268657 -0.208955 6.976649993 -3.02760283 8.12 17.898 
0.567 2.725 2.821 -2.850746 -0.61194 27.07628749 -18.590899 8.808 15.732 

0.6 2.657 2.78 -1.454545 -1.454545 18.31750339 15.3776572 9.159 11.346 
0.633 2.629 2.725 -1.641791 0.4029851 -11.7053808 43.0952429 9.557 10.748 
0.667 2.547 2.807 -2.238806 1.4328358 9.126686783 15.694931 9.868 

0.7 2.479 2.821 -1.030303 1.4545455 12.21166893 -12.4378109 
0.733 2.479 2.903 -1.432836 0.6119403 -45.8832027 -21.7096336 
0.767 2.383 2.862 -4.104478 0 -49.8491261 -3.02760283 

0.8 2.204 2.903 -4.772727 0.4090909 -15.1515152 -9.2718227 
0.833 2.068 2.889 -5.104478 -0.61194 -20.3224043 -39.5208489 
0.867 1.862 2.862 -6.134328 -2.238806 -10.4261596 -46.4974989 

0.9 1.657 2.739 -5.80303 -3.727273 24.87562189 -31.2075984 
0.933 1.479 2.616 -4.492537 -4.298507 22.45556478 -17.6593289 
0.967 1.356 2.451 -4.298507 -4.910448 4.863740997 -22.4555648 

1 1.191 2.287 -4.166667 -5.80303 28.04161013 -12.4378109 
1.033 1.081 2.068 -2.447761 -5.73134328 
1.067 1.027 1.903 



Appendix B 
Data From the Giant on Uneven Parallel Bars 

x distance y distance X Velocity Y Velocity 
time (s) (m) (m) (m/s/s) (mls/s) 

o -0.288602 0.715232 
0.033 -0.313698 0.690136 -0.936415 -0.561845 
0.067 -0.351342 0.677589 0 0.187284 

0.1 -0.313698 0.702684 -0.760479 -0.380242 
0.133 -0.401534 0.652493 -1.872828 -1.123696 
0.167 -0.439178 0.627397 -1.123696 -0.561849 

0.2 -0.476821 0.614849 -1.14072 -0.9506 
0.233 -0.514465 0.564657 -0.936412 -0.936412 
0.267 -0.539561 0.552109 -1.310979 -0.561849 

0.3 -0.602301 0.527013 -1.520964 -0.9506 
0.333 -0.639945 0.489369 -1.310978 -1.498258 
0.367 -0.690136 0.42663 -1.498261 -1.685545 

0.4 -0.740328 0.376438 -1.520959 -1.901205 
0.433 -0.79052 0.30115 -1.310978 -2.621957 
0.467 -0.828164 0.200767 -1.310981 -2.809239 

0.5 -0.878355 0.112931 -1.140721 -3.041921 
0.533 -0.903451 0 -0.561848 -3.183803 
0.567 -0.915999 -0.100384 0 -3.558372 

0.6 -0.903451 -0.238411 0.570361 -3.992526 
0.633 -0.878355 -0.36389 1.685545 -3.932934 
0.667 -0.79052 -0.501918 2.621955 -3.745652 

0.7 -0.702684 -0.614849 3.802405 -3.802405 
0.733 -0.539561 -0.752876 4.869351 -3.183803 
0.767 -0.376438 -0.828164 5.618476 -2.24739 

0.8 -0.163123 -0.903451 6.083846 -1.330842 
0.833 2.51E-02 -0.915999 5.431196 -0.187284 
0.867 0.200767 -0.915999 4.682064 0.749131 

0.9 0.338794 -0.865808 3.992526 1.901202 
0.933 0.464274 -0.79052 2.996524 2.24739 
0.967 0.539561 -0.715232 1.872824 2.247391 

1 0.589753 -0.639945 1.520959 1.901203 
1.033 0.639945 -0.589753 1.872828 2.060109 
1.067 0.715232 -0.501918 2.434676 2.247391 

1.1 0.803068 -0.439178 2.091321 2.471565 
1.133 0.85326 -0.338794 0.74913 3.183803 
1.167 0.85326 -0.225863 -0.187284 3.558369 

1.2 0.840712 -0.100384 -0.9506 3.992525 
1.233 0.79052 3.76E-02 -1.872824 3.745652 
1.267 0.715232 0.150575 -2.060112 3.558369 

1.3 0.652493 0.276054 -1.711083 3.232041 
1.333 0.602301 0.36389 -1.498258 2.621957 
1.367 0.552109 0.451726 -2.060107 2.434675 

1.4 0.464274 0.527013 -2.281445 2.091324 
1.433 0.401534 0.589753 -1.872828 2.06011 
1.467 0.338794 0.665041 -1.498257 2.060107 

1.5 0.301151 0.72778 -1.711083 1.330841 
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