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Introduction

The motion of a rocket during its ascent provides a fascinating insight into the principles of
kinematics and physics. Observing a rocket that initially rises at a constant speed of 5 feet
per second over the first 10 seconds, then accelerates to 15 feet per second for the
subsequent 15 seconds, allows us to analyze its displacement, velocity, and acceleration
over different phases. This scenario exemplifies a common approach in physics where
different motion regimes occur sequentially, and understanding these can help in designing
and evaluating rocket performance, as well as in educational demonstrations of basic
physics concepts.

Overview of the Motion Phases
Initial Phase: Rising at 5 ft/s (0-10 seconds)

During the initial phase, the rocket maintains a constant velocity of 5 ft/s. This indicates
uniform motion, with no acceleration involved. The key points include:

- Duration: 10 seconds

- Velocity: 5 ft/s (constant)

- Displacement: To be calculated over this period

Second Phase: Rising at 15 ft/s (10-25 seconds)

In the subsequent phase, the rocket increases its velocity to 15 ft/s and continues at this
speed for 15 seconds. This phase can be characterized as uniform motion at a higher
speed, but it may involve acceleration depending on how the speed was achieved.

- Duration: 15 seconds

- Velocity: 15 ft/s (constant)
- Displacement: To be calculated over this period

Calculating Displacement in Each Phase

Displacement During the First Phase (0-10 seconds)



Since the velocity is constant, displacement during this interval can be calculated using:
\[

d1l=v1\timest]1

\]

Where:

\(v_1 = 5\, \text{ft/s} \)
\(t 1 =10\ \text{seconds}\)

Calculation:

:j[_l = 5\, \text{ft/s} \times 10\, \text{s} = 50\, \text{feet}

\]

Interpretation:

After 10 seconds, the rocket has ascended 50 feet from its initial position.
Displacement During the Second Phase (10-25 seconds)

Similarly, for the second phase:

\[
d2=v 2\timest 2
\]

Where:

-\(v_2 = 15\, \text{ft/s} \)
-\(t 2 = 15\, \text{seconds} )

Calculation:

\[

d_2 = 15\, \text{ft/s} \times 15\, \text{s} = 225\, \text{feet}
\]

Total Displacement:

Adding both phases:

\[

d {total} =d 1+ d 2 =50\ \text{ft} + 225\, \text{ft} = 275\, \text{feet}
\]

Summary:

- The rocket travels 50 feet in the first 10 seconds.



- It then travels an additional 225 feet in the next 15 seconds.
- Overall, the rocket reaches a height of 275 feet after 25 seconds.

Velocity and Acceleration Analysis
Velocity Profile
The velocity during the flight is characterized as:

- 0-10 seconds: 5 ft/s (constant)
- 10-25 seconds: 15 ft/s (constant)

Acceleration Considerations

Since the velocity changes from 5 ft/s to 15 ft/s at the 10-second mark, the rocket
experiences acceleration during that transition.

- Acceleration during the transition (if instantaneous): Infinite or undefined, which is
physically unrealistic.

- Realistic scenario: The rocket accelerates over a finite time period to reach 15 ft/s,
implying a constant acceleration \( a ).

Calculating Acceleration

Assuming the velocity increase from 5 ft/s to 15 ft/s occurs smoothly over a transition time
\( \Delta t ). For simplicity, if we assume the velocity change occurs instantaneously at \(
t=10\, \text{s} \), then the acceleration during that instant is theoretically infinite, which
isn't physically plausible.

Alternatively, if we assume a uniform acceleration over a small period or consider the
velocity to change linearly from 5 ft/s to 15 ft/s over an interval \( \Delta t ), then:

\[

a = \frac{\Delta v}{\Delta t}
\]

Where:

-\(\Delta v = 15\, \text{ft/s} - 5\, \text{ft/s} = 10\, \text{ft/s} \)
If the acceleration is uniform over \( \Delta t ), then:

- For example, if the transition occurs over 1 second:

\[

a = \frac{10\, \text{ft/s}} {1\, \text{s}} = 10\, \text{ft/s} "2

\]

This simplified model aids understanding of the physics involved.



Graphical Representation of Motion

Velocity-Time Graph

A velocity-time graph for this scenario would display:

- A horizontal line at 5 ft/s from 0 to 10 seconds.

- A jump or a linear increase from 5 ft/s to 15 ft/s at 10 seconds.
- A horizontal line at 15 ft/s from 10 to 25 seconds.
Displacement-Time Graph

The displacement-time graph would depict:

- A straight line with slope 5 ft/s for the first 10 seconds.
- A steeper straight line with slope 15 ft/s from 10 to 25 seconds.

Implications for Rocket Design and Performance

Understanding the velocity profile and displacement is crucial for designing rockets that
meet specific mission parameters. The key considerations include:

- Fuel Efficiency: Achieving higher velocities requires more energy, impacting fuel
consumption.

- Structural Integrity: Rapid acceleration phases need to be managed to prevent structural
damage.

- Trajectory Planning: Knowing the displacement helps in planning the ascent path and
ensuring the rocket reaches the desired altitude.

Educational Significance

This simple model provides a clear example for physics students to understand:
- Uniform motion and displacement calculation.

- The concept of acceleration and how it affects velocity.

- The importance of phase-wise analysis of motion.

By analyzing such scenarios, students can develop intuition about real-world motion and
the underlying physics principles.

Conclusion

The scenario of a rocket rising at 5 ft/s between 0 and 10 seconds, followed by an increase



to 15 ft/s for the next 15 seconds, exemplifies fundamental concepts in kinematics.
Calculations of displacement, understanding of velocity profiles, and the implications of
acceleration provide valuable insights into motion analysis. Whether for educational
purposes, engineering design, or understanding real-world rocket behavior, such an
analysis underscores the importance of systematic approaches to studying motion. Through
careful consideration of each phase, we achieve a comprehensive picture of the rocket’s
journey, culminating in a total displacement of 275 feet after 25 seconds.
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Note: The above analysis assumes idealized conditions with constant velocities during each
phase and instantaneous changes in velocity where not specified. Real-world scenarios
involve gradual accelerations and more complex dynamics.

Frequently Asked Questions

What is the initial velocity of the rocket during the first
10 seconds?

The initial velocity of the rocket during the first 10 seconds is 5 ft/s.

How high does the rocket rise during the first 10
seconds?

During the first 10 seconds, rising at 5 ft/s, the rocket ascends 50 feet.

What is the total height of the rocket after 25 seconds?

The total height after 25 seconds is 275 feet, combining 50 feet in the first 10 seconds and
225 feet in the next 15 seconds.

What is the acceleration of the rocket during the first
10 seconds?

Since the velocity is constant at 5 ft/s, the acceleration during the first 10 seconds is 0 ft/s2.



How does the speed change after 10 seconds?

After 10 seconds, the rocket’s speed increases from 5 ft/s to 15 ft/s and remains constant
for the next 15 seconds.

What is the total time of the rocket’s ascent in this
scenario?

The total ascent time is 25 seconds—10 seconds at the initial speed and 15 seconds at the
increased speed.

Is the rocket accelerating during the entire 25 seconds?

The rocket accelerates only during the transition from the initial 5 ft/s to 15 ft/s, but since
the speed change is instantaneous in this scenario, there's no acceleration during the
constant velocity phases.

How high does the rocket reach after 10 seconds?
After 10 seconds at 5 ft/s, the rocket reaches 50 feet.

What is the average speed of the rocket over the entire
25 seconds?

The average speed is approximately 11 ft/s, calculated as total height (275 ft) divided by
total time (25 sec).

Additional Resources

A Rocket Rises At 5 Ft/s Between 0 And 10 Seconds. Afterwards It Rises At 15
Ft/s For Another 15 Seconds.

The motion of rockets and other projectiles has long fascinated scientists, engineers, and
enthusiasts alike. It embodies a complex interplay of physics principles, especially those
related to kinematics and acceleration. The scenario where a rocket ascends initially at a
steady velocity of 5 feet per second (ft/s) over the first 10 seconds, followed by an
increased speed of 15 ft/s for an additional 15 seconds, provides a compelling case study to
analyze velocity, displacement, and the underlying mechanics involved. This article delves
into a comprehensive exploration of this motion pattern, breaking down the physics,
calculating key parameters, and examining the implications of such a trajectory in both
theoretical and practical contexts.



Understanding the Motion: Basic Concepts and
Assumptions

Before analyzing the specifics of the rocket’s ascent, it is essential to clarify the
fundamental assumptions and physics concepts involved.

Key Assumptions

- Constant Velocities in Each Phase: The rocket maintains uniform velocity during each
specified interval—5 ft/s for the first 10 seconds, then 15 ft/s for the subsequent 15
seconds.

- Instantaneous Transition: The change from 5 ft/s to 15 ft/s occurs instantaneously at the
10-second mark, with no acceleration phase between the two velocities.

- Vertical Motion: The analysis considers vertical ascent without external influences such as
air resistance or gravity, to focus purely on kinematic relationships.

- Time Intervals: The motion is divided into two distinct phases with precise durations,
making calculations straightforward.

While these assumptions simplify real-world complexities, they serve as a solid foundation
for understanding the core physics principles at play.

Phase 1: The Initial Ascent (0 to 10 seconds)

The first phase of the rocket’s journey involves a steady ascent at 5 ft/s over a 10-second
interval.

Velocity and Displacement

- Velocity (vi1): 5 ft/s (constant)
- Time (t1): 10 seconds

Given the constant velocity, the displacement during this phase (d1) can be calculated
using the basic kinematic formula:

\[d1=v 1\timest1\]
\[ d_1 = 5\, \text{ft/s} \times 10\, \text{s} = 50\, \text{feet} \]

This indicates that after the first 10 seconds, the rocket has ascended 50 feet from its
starting point.



Implications of the First Phase

- The steady velocity suggests a period of uniform motion, perhaps representing a
controlled engine burn or a simplified model of initial launch dynamics.

- The altitude reached after this phase serves as a baseline for understanding the
subsequent increase in speed.

Phase 2: Accelerated Ascent (10 to 25 seconds)

In the second phase, the rocket’s ascent speed increases to 15 ft/s and maintains this
velocity for the next 15 seconds.

Velocity and Displacement

- Velocity (vz2): 15 ft/s (constant)
- Time (t2): 15 seconds

The displacement during this phase (dz2) can be calculated similarly:
\[d 2=v 2\timest 2\]
\[ d_2 = 15\, \text{ft/s} \times 15\, \text{s} = 225\, \text{feet} \]

This indicates an additional 225 feet of ascent during this period.

Overall Displacement and Total Ascent

Adding the displacements from both phases:
\[ D_{total} =d_ 1+ d_2 = 50\, \text{feet} + 225\, \text{feet} = 275\, \text{feet} \]

Thus, after 25 seconds, the rocket has ascended a total of 275 feet from its initial position.

Analyzing the Velocity Change

- The instantaneous shift from 5 ft/s to 15 ft/s could be modeled as an abrupt acceleration,
which is physically unlikely in real scenarios but useful for simplified calculations.

- In real rocket physics, acceleration occurs over a finite period, involving force and mass
considerations, but for this analysis, the instant change provides a clear illustration of how
velocity impacts displacement.



Total Time and Displacement: Summarizing the
Motion

By combining both phases, we can determine the overall characteristics of the rocket’s
ascent:

- Total Time (T): 10 seconds + 15 seconds = 25 seconds
- Total Displacement (D): 275 feet

This straightforward calculation offers a snapshot of the rocket’s progress over the specified
intervals, but it also opens the door for more detailed analyses, including velocity profiles,
acceleration, and the effects of external forces.

Deeper Analytical Insights

While the basic calculations provide a clear picture, exploring related concepts enhances
understanding.

1. Average Velocity Over the Entire Period
Average velocity (v_avg) over the entire 25 seconds:

\[ v_{avg} = \frac{D {total}}{T} = \frac{275\, \text{feet}} {25\, \text{s}} = 11\,
\text{ft/s} \]

This intermediate value reflects the overall rate of ascent, considering both slower and
faster phases.

2. Instantaneous vs. Average Velocity

- At the end of 10 seconds, the velocity jumps from 5 ft/s to 15 ft/s.
- The average velocity during each phase aligns with the constant velocities, but the overall
average is skewed by the longer, faster second phase.

3. Implications of Instantaneous Velocity Changes

- In real rocket dynamics, velocity changes involve acceleration, which can be calculated if
the rate of change of velocity is known.

- Assuming an instantaneous change implies infinite acceleration, a physical impossibility,
but useful for simplified models.



4. Concept of Acceleration

- If we introduce a finite acceleration during the transition (say, over a brief interval), it
would be represented as:

\[ a = \frac{\Delta v} {\Delta t} \]
- For example, if the velocity increased from 5 ft/s to 15 ft/s over 1 second:
\[ a = \frac{15\, \text{ft/s} - 5\, \text{ft/s}}{1\, \text{s}} = 10\, \text{ft/s}~2\]

- Such acceleration would influence the total displacement and energy involved.

Real-World Applications and Considerations

While this simplified model provides clarity, real rocket physics involves numerous
additional factors.

External Forces and Resistance

- Gravity: The downward force opposes ascent, requiring engines to generate thrust
exceeding gravitational pull.

- Air Resistance: Drag force affects ascent speed, especially at higher velocities.

- Mass Changes: Fuel consumption alters mass, affecting acceleration and velocity profiles.

Engine Thrust and Fuel Consumption

- The initial phase might involve a steady burn, while the second phase could be a boost
phase with increased thrust.

- Fuel efficiency and engine capabilities influence the achievable velocities and acceleration
profiles.

Safety and Control

- Sudden changes in velocity require precise control systems to prevent structural stress or
instability.

- Gradual acceleration is preferred in real-world applications to ensure safety and efficiency.



Implications for Rocket Design and Mission
Planning

Understanding such velocity profiles is crucial for designing efficient ascent trajectories.

Optimizing Ascent Profiles

- Engineers aim to balance fuel consumption with velocity gains.
- Multi-phase velocity strategies allow for energy-efficient trajectories, conserving fuel while
achieving desired altitudes.

Trajectory Planning

- Real missions often involve variable acceleration phases, including gravity turns and
staging.

- Simplified models like the one discussed serve as foundational tools for initial planning
and analysis.

Safety Margins and Redundancy

- Incorporating gradual velocity changes reduces structural stress.
- Redundant systems ensure control during rapid changes in velocity or unexpected
external influences.

Conclusion: Insights and Broader Significance

The scenario of a rocket rising at 5 ft/s initially, then accelerating to 15 ft/s, encapsulates
fundamental principles of kinematics and motion analysis. While simplified, it highlights the
importance of understanding velocity, displacement, and the implications of instantaneous
versus gradual changes in speed. This model serves as a stepping stone toward more
complex, realistic analyses involving acceleration, external forces, and energy
considerations.

In practical terms, such insights inform the design of launch trajectories, engine
performance optimization, and safety protocols. As space exploration advances, refined
models incorporating variable accelerations, atmospheric effects, and real-time control
systems become essential. Nonetheless, the foundational understanding derived from this
basic scenario remains a vital part of the physics toolkit, guiding both theoretical
explorations and applied engineering innovations.

This analysis underscores that even seemingly straightforward motion patterns can reveal
rich physics insights, emphasizing the importance of detailed, step-by-step evaluation in



understanding the mechanics of ascent—whether for model rockets, commercial launches,
or future interplanetary missions.
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