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Understanding the dynamics of a sprinter's motion during a 100-meter race provides valuable
insights into the physics of athletic performance. One common scenario observed in sprinting
involves the runner accelerating uniformly over a certain distance and then maintaining a constant
velocity for the remainder of the race. Specifically, in this case, the sprinter accelerates uniformly
for the first 35 meters before reaching a steady speed for the rest of the race. This article explores
the physics behind this motion, the calculations involved, and how it relates to real-world sprinting
strategies.

Overview of the Sprinting Motion

In many sprinting events, athletes aim to optimize their acceleration and velocity phases to achieve
the best possible time. The motion can be broken down into two primary phases:

1. Uniform Acceleration Phase (First 35 meters)

- The sprinter starts from rest and accelerates at a constant rate.

- The acceleration continues until the sprinter reaches a maximum velocity, which is maintained
thereafter.

- This phase involves increasing speed, which requires applying force against the ground.

2. Constant Velocity Phase (Remaining distance)

- After reaching maximum velocity, the sprinter maintains this speed for the remaining distance.
- This phase involves minimal acceleration, with the focus on sustaining maximum speed.

Understanding the physics behind these phases involves kinematic equations, which relate distance,
velocity, acceleration, and time.

Physics of Uniform Acceleration and Constant Velocity

The sprinter's motion can be modeled using basic equations of kinematics:



Uniform Acceleration Phase

- The key equations include:
-\(v=u+at))

-\(s = ut + \frac{1}{2}at™2)
-\(v*2 =u"2 + 2as)

Where:

-\(u\) = initial velocity (0 m/s at start)

-\( v\) = final velocity after acceleration

a\) = acceleration

t\) = time taken to accelerate over the 35 meters
s \) = distance covered during acceleration (35 m)
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Constant Velocity Phase

- The sprinter runs at maximum velocity \( v \), covering the remaining \( 100 - 35 = 65 \) meters.

- Time taken in this phase is simply \( t {\text{constant}} = \frac{s}{v} ).

By understanding these relationships, we can determine various parameters of the sprinter's race,
such as acceleration, maximum velocity, and total time.

Calculating the Sprinter's Acceleration and Maximum
Velocity

Suppose we know the total time \( T'\) taken to complete the 100 meters. With this, we can find the
acceleration during the first 35 meters and the maximum velocity.

Step 1: Define Variables

- Distance during acceleration: \(s 1 = 35\, \text{m} \)
- Distance during constant velocity: \(s 2 = 65\, \text{m} \)
- Total time: \( T'\)

Step 2: Express Time Components

- Time to accelerate: \(t_1 = \frac{v}{a} \) (since initial velocity \(u = 0))
- Time at constant velocity: \(t 2 = \frac{65}{v} \)

Total time:

\[

T=t1+t2=\frac{v}{a} + \frac{65}{v}
\]



Step 3: Find \(v\) and \(a)

Rearranged from the kinematic equation:

\[

v~2 = 2a s 1 \Rightarrow a = \frac{v"~2}{2s 1}
\]

Substituting into the total time:

\[

T = \frac{v}{a} + \frac{65}{v} = \frac{v}{\frac{v"2}{2s 1}} + \frac{65}{v} = \frac{2s 1}{v}
+ \frac{65}{v} = \frac{2 \times 35 + 65}{v} = \frac{105}{v}

\]

Therefore:

\[

v = \frac{105}{T}
\]

And the acceleration:

\[

a = \frac{v"2}{2 \times 35} = \frac{\left(\frac{105} {T}\right)~2}{70} = \frac{(105)"~2}{70 T~2}
=\frac{11025}{70 T"2} = \frac{157.5}{T"2}

\]

Key insight: The maximum velocity \( v \) is inversely proportional to the total race time \( T'\), and
acceleration depends on \( T'\) as well.

Practical Implications in Sprinting Strategy

Understanding these physics principles helps athletes and coaches optimize sprinting performance.

1. Balancing Acceleration and Speed

- A rapid acceleration phase can lead to higher maximum velocity but requires greater force
application.

- Conversely, a longer acceleration phase might reduce the maximum velocity achievable if the
athlete cannot sustain high force output.

2. Importance of the Transition Point at 35 meters

- The point where the sprinter switches from acceleration to constant velocity is crucial.
- Efficient transition ensures minimal time loss and maximizes overall speed.

3. Training Focus

- Sprinters often focus on explosive strength to improve initial acceleration.



- Endurance and technique are vital for maintaining maximum velocity over the race's latter part.

Real-World Data and Examples

Many elite sprinters, such as Usain Bolt and Tyson Gay, exemplify the motion described:

- Bolt's acceleration phase lasts approximately 30-35 meters.

- He reaches top speed around 60-70 meters and maintains it for the remaining distance.

- His total 100m time is around 9.58 seconds, indicating highly optimized acceleration and velocity
phases.

This real-world data aligns with the physics calculations, demonstrating the importance of efficient
acceleration and speed maintenance.

Conclusion: The Physics Behind Sprinting Performance

The scenario of a sprinter accelerating uniformly for the first 35 meters and then running at
constant velocity encapsulates fundamental principles of kinematics. By analyzing the motion using
equations of uniform acceleration and constant velocity, athletes and coaches can better understand
how to optimize training and race strategy. Whether striving for quicker acceleration or higher
maximum velocity, understanding the physics involved is essential for pushing the boundaries of
human speed.

In competitive sprinting, every fraction of a second counts, and the physics of acceleration and
velocity play a critical role in achieving peak performance. Through careful analysis and targeted
training, sprinters can improve their race times and achieve their athletic goals, turning the
principles of physics into real-world success on the track.

Frequently Asked Questions

What is the initial acceleration of the sprinter during the first
35 meters?

The initial acceleration can be calculated using the formula a = (v - u) / t, where u is the initial
velocity (0 m/s), v is the velocity at 35 meters, and t is the time taken to reach that point. If the time
is known, acceleration can be determined accordingly.

How do we find the velocity of the sprinter after 35 meters?

The velocity after 35 meters can be found using the equation v = u + at, where u is 0 m/s, a is the
acceleration during the first part, and t is the time taken to reach 35 meters.



What is the significance of uniform acceleration in this
context?

Uniform acceleration means the sprinter's velocity increases at a constant rate during the first 35
meters, simplifying calculations of velocity and time during this phase.

How do we calculate the total time taken to complete the
100m race?

Total time is the sum of the time taken to accelerate over the first 35 meters and the time taken to
run the remaining 65 meters at constant velocity, calculated using t = s / v for the latter segment.

What assumptions are made in modeling this sprinter's
motion?

The model assumes constant acceleration during the first 35 meters, uniform velocity afterward, no
air resistance or other external forces, and that the sprinter maintains the same acceleration
throughout that segment.

How can we determine the maximum velocity achieved at 35
meters?

Maximum velocity at 35 meters is given by v = u + at; since initial velocity u is zero, v = a t, where t
is the time to reach 35 meters.

If the sprinter's acceleration is known, how do we find the
time to reach 35 meters?

Using the equation s = ut + 0.5 a t~2, with u = 0, we get t = sqrt(2s / a). For s = 35 meters, t =
sqrt(70 / a).

What is the key difference between the first and second
phases of the race?

The first phase involves uniform acceleration, where the sprinter's velocity increases steadily, while
the second phase involves running at a constant velocity with no acceleration.

How does the assumption of constant velocity after 35 meters
affect the overall race time calculation?

It simplifies the calculation by allowing us to use simple division (distance divided by velocity) to find
the time for the second segment, assuming no acceleration occurs during this phase.

Can this model be used to predict the sprinter's finishing time



accurately?

While useful for approximation, real sprinter motion involves varying acceleration and external
factors, so the model provides an idealized estimate rather than an exact prediction.

Additional Resources

A Sprinter In A 100m Race Accelerates Uniformly For The First 35m And Then Runs With Constant
Velocity

In the world of athletics, especially sprinting, understanding the dynamics of a runner’s motion is
crucial for optimizing performance and training strategies. The scenario of a sprinter who
accelerates uniformly for the first 35 meters and then maintains a constant velocity for the
remaining distance offers a fascinating case study in kinematics. This model reflects real-world
sprinting techniques and provides insights into how acceleration and velocity interplay within a
short-distance race like the 100-meter dash. Analyzing this motion not only aids athletes and
coaches in refining techniques but also enriches our comprehension of fundamental physics
principles applied in sports.

Understanding the Motion: The Basic Framework

The motion of the sprinter can be dissected into two distinct phases:

1. Uniform Acceleration Phase (First 35 meters): The sprinter starts from rest and accelerates
uniformly.

2. Constant Velocity Phase (Remaining 65 meters): The sprinter reaches a maximum velocity and
maintains it until the finish line.

This two-phase model simplifies the complex biomechanics of sprinting into manageable segments,
enabling precise calculations of key parameters such as acceleration, final velocity, and total time.

Phase 1: Uniform Acceleration for the First 35 Meters

Kinematic Description:

In the initial phase, the sprinter accelerates uniformly from rest. Assuming uniform acceleration
\(a\), initial velocity \(u = 0\), and displacement \(s = 35\,m\), the key equations of motion apply:

\[
s =ut + \frac{1}{2} at"2
\]



\[
v=u+at
\]

Since \(u=0\),

\[

35 =\frac{1}{2}at 172
\]

which simplifies to

\[
a = \frac{2 \times 35} {t 172}
\]

where \(t 1)) is the time taken to reach 35 meters.
Determining Time and Final Velocity at 35m:

To proceed, we need to estimate \(t 1\). For a typical sprinter, the initial acceleration phase lasts
around 4 to 5 seconds to cover 35 meters. Let's assume \(t 1 = 4.5\,s\) for illustration:

\[
a = \frac{2 \times 35} {(4.5)"2} = \frac{70}{20.25} \approx 3.45\, m/s"2
\]

The final velocity at 35 meters:

\[
v {35} =u+at1l=0+ 3.45\times 4.5 \approx 15.5\, m/s
\]

Features & Insights:

- Advantages of Uniform Acceleration:

- Simplifies the analysis.

- Reflects an athlete's powerful push-off phase.

- Limitations:

- Real sprinters often have variable acceleration profiles; the model assumes constant acceleration
which might oversimplify actual biomechanics.

- The initial acceleration is not perfectly uniform in real life due to muscle fatigue and technique.

Phase 2: Constant Velocity for the Remaining 65
Meters

Kinematic Description:



After reaching the velocity \(v_{35}\), the sprinter maintains this constant speed for the remaining
distance:

\[

s =v\times t

\]

where \(s = 65\,m\) and \(v = v {35} \approx 15.5\, m/s\).
The time for this phase:

\[
t 2 =\frac{65}{15.5} \approx 4.19\,s
\]

Total Race Time:

Adding both phases:

\[

T {total} =t 1 +t 2 \approx 4.5 + 4.19 \approx 8.69\,s
\]

This estimate aligns reasonably well with typical 100m sprint times for elite athletes (around 9.5
seconds), considering the simplified model.

Features & Insights:

- Advantages:

- Provides a clear picture of how acceleration transitions into steady velocity.

- Highlights the importance of reaching high velocity early in the race.

- Limitations:

- Maintains a simplified assumption of constant velocity; in reality, sprinters may experience slight
decelerations or accelerations due to fatigue or technique adjustments.

- Does not account for air resistance and other external factors affecting actual race times.

Physics Principles in Action

This scenario beautifully illustrates core physics concepts:

- Uniform Acceleration: The sprinter's initial push-off can be modeled as uniform acceleration, which
aids in understanding how initial force application influences final speed.

- Kinematic Equations: They serve as the backbone for analyzing motion, allowing us to compute
velocities and times without complex biomechanical data.

- Transition from Acceleration to Constant Velocity: The switch reflects a common strategy in
sprinting, where athletes rapidly accelerate and then maintain their top speed.



Implications for Training and Performance

Understanding this motion model has practical implications:
Pros:

- Optimizing Acceleration Phase:

- Focused training on explosive starts can improve initial acceleration, reducing the time spent in the
acceleration phase.

- Maximizing Top Speed:

- Training to sustain higher velocities can extend the constant velocity phase, reducing overall race
time.

- Technique Refinement:

- Efficient energy transfer and biomechanics can help achieve higher acceleration and maintain
velocity more effectively.

Cons / Challenges:

- Over-simplification:

- Actual sprinter motion involves variable acceleration, fatigue, and strategic pacing, which are not
captured in this simple model.

- External Factors:

- Wind resistance, track conditions, and psychological factors influence real race performance,
beyond the scope of basic physics models.

- Limitations in Data:

- Precise measurements of acceleration and velocity profiles require high-tech equipment like motion
capture systems, which may not be accessible to all athletes.

Advanced Considerations and Real-World Applications

While the simplified model offers valuable insights, real-world sprinting involves complex
biomechanics and physiological factors:

- Variable Acceleration Profiles:

- Athletes often accelerate rapidly initially, then experience a slight deceleration or plateau due to
fatigue.

- Energy Systems:

- Phosphagen system fuels early explosiveness, while glycolytic and oxidative systems contribute
later, affecting sustained speeds.

- Biomechanical Factors:

- Stride length, frequency, muscle strength, and technique influence actual velocities achieved.

- Psychological Factors:



- Confidence, focus, and race strategy influence effort levels throughout the race.
Modern training programs incorporate these insights:

- Plyometric exercises to improve explosive starts.
- Sprint drills emphasizing quick acceleration.
- Speed endurance sessions to prolong top speed.

Concluding Remarks

The model of a sprinter accelerating uniformly for the first 35 meters and then running at a constant
velocity provides a foundational understanding of sprint dynamics through the lens of physics. It
simplifies the complex biomechanics and physiological factors involved, yet captures the essence of
acceleration and steady-speed phases that characterize short-distance sprinting. Recognizing the
pros and cons of this model helps athletes, coaches, and sports scientists devise better training
strategies and improve performance analysis.

Ultimately, while the model offers valuable theoretical insights, real-world sprinting is influenced by
myriad factors that extend beyond basic physics. Nevertheless, this analytical approach underscores
the importance of early acceleration and velocity maintenance—key components for optimizing a
sprinter’s performance in the fiercely competitive 100-meter dash.
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