
g(y) : Gravitational 
Acceleration 

G : Universal Gravitational 
Constant  

y : Elevation (or Altitude) 

𝑅𝑒 : Radius of the Earth 

𝑚𝑒 : Mass of the Earth 

w: Weight 
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Introduction 

On October 14, 2012, Felix Baumgartner became the first human being to break the sound barrier 
with his body. He jumped from a height of 38,969 meters at the edge of the atmosphere and reached a 
maximum speed of 833.9 miles per hour (372.8 m/s). His fall lasted 9 minutes and 3 seconds, setting a world 
record for the longest duration of a jump ever recorded (“Red Bull Stratos Summary Report”). 

This project will explore how Baumgartner was able to break the sound barrier and how his velocity 
and drag force varied with distance and time. The model presented in this project simulates the jump and 
allows us to estimate the duration of flight, the time in which Baumgartner pulled the parachute, and the time 
in which he broke the sound barrier. The conclusion of this project is that Baumgartner was able to break the 
sound barrier due to the variation of the speed of sound depending on temperature, and the small amount of 
drag force he experienced due to the thinner atmosphere close to where he began his jump. 

Our Model 

The following variables will be used to describe different properties of our model. 

 

In order to find Baumgartner’s speed as a function of time, we begin with Newton’s second law in 
which net force is equal to mass times acceleration. Felix experienced two major forces during his jump: a 
downward gravitational force and an upward drag force. This first equation below demonstrates the drag 
force that is experienced by Baumgartner. 
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The gravitational force that is acting on him can be described by the following equation.  

𝑤 = 𝑚𝑔(𝑦) 

The final equation to be used gives the sum of the forces, or the net force, acting on Baumgartner, 
which is equal to his mass times acceleration. 
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𝐹𝑑 : Drag Force   

𝜌(𝑦): Density According to the International  
Atmosphere Model (built into MatLab) 

𝐶𝑑: Drag Coefficent 

A : Cross-Sectional Area 

𝑑𝑦

𝑑𝑡
 and y’(t): Velocity 

𝑑2𝑦

𝑑𝑡2  : Acceleration 

m : Mass of Baumgartner 

 



Because both atmospheric density and gravitational acceleration vary with altitude, the resulting 
differential equation has non-constant coefficients. The data for variance in atmospheric density comes from 
the International Atmosphere Model. Calculations for the change in gravitational acceleration were done 
using the following equation which is Newton’s second law: 

𝑔(𝑦) =  
𝐺𝑚𝑒

(𝑦 + 𝑅𝑒)2 

In order to solve for the elevation as a function of time we must solve the nonlinear ODE (Equation 
1) using the initial conditions for Baumgartner’s altitude and velocity (“Red Bull Stratos Factsheet.”). The 
former is based on his initial altitude, and the second on his initial velocity. 

𝑦(0) = 38,969 𝑚 
𝑦′(0) = 0  

Using ODE 45 in MatLab, we solve for his elevation and velocity as functions of time.  

Estimating Drag Force 

The force of drag is dependent on cross-sectional area and coefficient of drag. In the model we 
estimate Baumgartner’s drag coefficient to be 1.3 and his area to be 0.4 square meters, accounting for 
tumbling (“Falling Faster than the Speed of Sound—Wolfram Blog.”). We estimate his mass, another 
important consideration, to be 100 kg including his suit and gear (Wolchover, “The Physics of the First-Ever 
Supersonic Skydive”). 

 

In this graph we show the force of drag as a function of time. During the beginning of his fall, his 
drag steadily rises and comes to a peak as he reaches his maximum speed. At his fall progresses, the drag 
force asymptotically decays as his speed decreases. The drag force spikes around 2600 meters when he pulls 
his parachute, as he is forced to decelerate significantly in a very short amount of time. The drag force then 
becomes constant as it is determined by the drag coefficient of his parachute and his surface area, both of 
which remain constant for the remainder of his jump. 



 

This graph shows the same trend, only graphed with respect to time instead of altitude. This 
demonstrates that at a higher altitude the drag force is less because the atmosphere is less dense which results 
in less force acting on Baumgartner. On the other hand, the drag force is greatest on Baumgartner at his 
maximum velocity which makes sense as drag force is proportional to the square of velocity. 

Breaking the Speed of Sound 

Based on our model, we can predict Baumgartner's altitude and velocity during his fall. His calculated 
maximum velocity is 376.4 m/s, which is faster than the speed of sound at his elevation of 27120 m. Our 
estimate is very close to the recorded value of his max velocity of 372.8 m/s (“Red Bull Stratos Factsheet.”). 
Any slight discrepancies may be due to the fact that he initially tumbled during the fall which would alter his 
surface area and in turn the acting drag force. Felix Baumgartner was able to break the predicted terminal 
velocity of a skydiver - typically around at 54 m/s - because density of air is lower at the high elevation, 
resulting in less of an upward drag force. This smaller upward drag force allowed for acceleration to reach 
over 54 m/s. 

 

This graph demonstrates Baumgartner’s altitude as a function of time. The slope of this graph gives 
the velocity, showing a very fast velocity initially that begins to slow as the graph becomes less steep over 
time. At 234 seconds, the slope changes significantly as a result of his pulling his parachute.  The slope is 
steepest around 60 seconds where Felix hits his maximum speed.  

 



 

Here our model shows how Baumgartner’s speed changes with time as well as how the speed of 
sound at the altitude he is at changes as he travels to different altitudes as a function of time. The sharp 
change at 234 seconds is due to Baumgartner pulling his parachute open. The speed of sound depends on 
altitude, and data on this was found from the International Atmosphere Model. Thus, as a result of his rapid 
velocity due to the low drag force and the changing speed of sound, Baumgartner was able to travel at 
supersonic speeds between 33.8 and 69.4 seconds. 

Baumgartner is known to have free fallen for 260 seconds before he pulled his parachute at an 
altitude of 2567 meters (“Red Bull Stratos Factsheet”). Due to the fact that our model bases when 
Baumgartner pulls his parachute on altitude, he pulls his parachute exactly as he hits 2567 meters. The result 
is that the time estimate of the parachute being pulled is at 234 seconds, 26 seconds prior to the actual time. 
This difference likely arises due to random variables that we assume to be negligible in our model, such as his 
tumbling, wind, and humidity. These variables could have slowed his descent and explain why his time is 
longer than predicted. Still, the minimal error is only 10%, confirming that our model is mostly pretty 
accurate. 

 

According to our model, Baumgartner breaks the sound barrier at an altitude of 33,589 meters. Red 
Bull reports that during the actual time he broke the sound barrier at 33,446 meters (“Red Bull Stratos 



Factsheet”). With the speed that Baumgartner is traveling at, the difference in time between these two 
elevations would be less than a second. This confirms the accuracy of our model. 

Total Flight Time 

Baumgartner’s actual flight lasted 9 minutes and 3 seconds, or 543 seconds. Our model estimates he 
was in flight for 463.8 seconds. This means our model underpredicts his flight time by 79 seconds. A possible 
source for this error is underestimation of the drag coefficient of his parachute. We used 1.75 as the drag 
coefficient (Tom Benson, “Velocity During Recovery”), coupled with the known cross-sectional area of 25 
m2 (“Red Bull Stratos Factsheet”). 

Conclusion 

Overall, our model does quite well in modeling the Baumgartner's daring jump. We predict his 
maximum speed to be 376.4 m/s, only 4 m/s faster than the recorded value of 376.4 m/s. Similarly, the 
predicted height at which he reached his maximum speed is 33,589 meters, nearly identical to the actual value 
of 33,446 meters. Our model is less accurate later on in his jump. We predict that he reached 2567 m and 
pulled his parachute 26 seconds earlier than actual data indicates. Additionally, Baumgartner’s total jump time 
is 79 seconds too short in our model. As he got closer and closer to the ground, factors such as wind and 
humidity played a larger role in his fall. These factors are not taken into account, which explains the 
significant error towards the end. Our model accurately modeled Baumgartner’s free fall, but was less 
accurate in predicting the velocity, time, and altitude after the parachute was pulled.  
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