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Understanding the motion of a car moving along a straight path is fundamental in physics, especially in

kinematics. Analyzing such motion involves exploring concepts like displacement, velocity,

acceleration, and the equations that relate these quantities over time. In this article, we delve into the

scenario where a car starts from rest at the origin (X=0) at time T=0, and then passes a point 25

meters away with a speed of 11.0 meters per second. We will examine the physics principles involved,

derive key equations, and explore how to determine various parameters like acceleration, time taken to

reach that point, and the total time for the journey.

---

Understanding the Scenario

Initial Conditions and Given Data

To analyze the car's motion, it's essential to identify the known parameters:

- Initial position, \( X_0 = 0 \) meters

- Initial velocity, \( v_0 = 0 \) m/s (assuming the car starts from rest)



- Position at a certain time, \( X = 25.0 \) meters

- Velocity at that position, \( v = 11.0 \) m/s

- Time, \( T \) — to be determined

This setup describes uniformly accelerated motion, assuming constant acceleration. Such a scenario is

common in physics problems involving cars accelerating from rest.

Key Concepts in Straight-Line Motion

- Displacement (\( \Delta X \)): The change in position.

- Velocity (\( v \)): The rate of change of displacement with respect to time.

- Acceleration (\( a \)): The rate at which velocity changes.

- Equations of Motion: Mathematical relationships connecting initial conditions, acceleration, velocity,

displacement, and time.

---

Fundamental Equations of Motion

Assuming constant acceleration, the fundamental equations are:

1. \( v = v_0 + a t \)

2. \( X = X_0 + v_0 t + \frac{1}{2} a t^2 \)

3. \( v^2 = v_0^2 + 2 a (X - X_0) \)

These equations allow us to find unknown quantities like acceleration and time, given some known

parameters.

---



Calculating the Acceleration

Given the initial velocity \( v_0 = 0 \) and the velocity at \( X=25.0 \) m as \( v=11.0 \) m/s, along with

the displacement, we can determine the acceleration using the third equation:

\[

v^2 = v_0^2 + 2 a (X - X_0)

\]

Plugging in the known values:

\[

(11.0)^2 = 0^2 + 2 a (25.0 - 0)

\]

\[

121 = 2 a \times 25

\]

\[

121 = 50 a

\]

\[

a = \frac{121}{50} = 2.42\, \text{m/s}^2

\]

Result: The car accelerates at approximately 2.42 m/s².

---



Determining the Time to Reach 25 Meters

Using the first equation:

\[

v = v_0 + a t

\]

Substitute the known values:

\[

11.0 = 0 + 2.42 \times t

\]

\[

t = \frac{11.0}{2.42} \approx 4.55\, \text{seconds}

\]

Result: The car takes approximately 4.55 seconds to reach the 25-meter point.

---

Calculating Total Time for the Journey

If the problem specifies that the car continues to accelerate beyond 25 meters, or if it moves until

reaching a certain final velocity or position, further calculations are necessary. For now, assuming the

car continues to accelerate uniformly:

- If the question is about the time to reach a certain final velocity, we can use:



\[

v = v_0 + a t

\]

which we've already used for the 25-meter point.

- If the journey ends at a specific point or velocity, similar calculations can be performed.

---

Understanding the Nature of the Motion

The scenario describes uniformly accelerated motion starting from rest, which is common in physics

problems involving vehicles accelerating from a stop. The key takeaways are:

- The acceleration is constant at approximately 2.42 m/s².

- The velocity at 25 meters is 11.0 m/s.

- The time taken to reach that point is about 4.55 seconds.

This analysis provides insights into how vehicles accelerate and how their position and velocity change

over time.

---

Practical Applications and Real-World Relevance

Understanding such motion is crucial in various fields:



- Automobile Design: Engineers analyze acceleration profiles for safety and performance.

- Traffic Safety: Determining stopping distances and acceleration times.

- Racing: Optimizing acceleration to achieve maximum speed efficiently.

- Physics Education: Demonstrating concepts of kinematics through real-world scenarios.

---

Additional Considerations in Motion Analysis

While the above calculations assume constant acceleration, real-world driving involves factors such as:

- Friction: Resistance that opposes motion, affecting acceleration.

- Air Resistance: Drag force that influences the vehicle's speed.

- Variable Acceleration: Changes in acceleration due to driver input or mechanical factors.

In advanced physics modeling, these factors are incorporated for more accurate predictions.

---

Summary

In conclusion, analyzing the motion of a car starting from rest at the origin and passing a point 25

meters away with a speed of 11.0 m/s reveals several fundamental physics principles. The key points

include:

- The acceleration of the car is approximately 2.42 m/s².

- The time to reach 25 meters is approximately 4.55 seconds.

- The motion follows the equations of uniformly accelerated motion.



Understanding these principles helps in designing safer vehicles, optimizing performance, and

comprehending the fundamentals of kinematics.

---
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This comprehensive exploration not only explains the specific scenario but also provides the

foundational concepts necessary to analyze similar motion problems, making it valuable for students,

engineers, and physics enthusiasts alike.

Frequently Asked Questions



What is the initial velocity of the car at t=0?

The initial velocity of the car is 0 m/s, since it starts from rest at X=0.

How long does it take for the car to reach the point X=25.0 m?

Since the car passes X=25.0 m with a speed of 11.0 m/s, and assuming constant velocity at that

moment, it takes approximately 2.27 seconds to reach that point (t = 25.0 m / 11.0 m/s).

What is the acceleration of the car during its motion?

To determine acceleration, additional information such as the velocity at t=0 or the nature of the

motion (constant acceleration or not) is needed. If assuming uniform acceleration, calculations can be

made accordingly.

What type of motion is the car undergoing?

Based on the information provided, the car is moving in a straight line, likely with constant acceleration

or uniform motion, but more data is needed to specify precisely.

What is the velocity of the car at the point X=25.0 m?

The velocity of the car at X=25.0 m is 11.0 m/s, as given in the problem statement.

If the car passes the 25.0 m mark at 11.0 m/s, what was its initial

velocity assuming constant acceleration?

Assuming constant acceleration, the initial velocity can be calculated using kinematic equations; it was

likely less than 11.0 m/s at t=0, but the exact value requires further data such as acceleration or time

taken.



Additional Resources

Analyzing the Motion of a Car Moving in a Straight Line: A Detailed Review

Understanding the motion of vehicles along straight paths is fundamental in physics, engineering, and

transportation studies. The scenario where a car starts from rest at the origin and passes a specific

point with a known speed offers rich insights into kinematic principles, data analysis, and real-world

applications. In this review, we delve into the problem: A car moving in a straight line starts at \( x=0 \)

at \( t=0 \). It passes the point \( x=25.0\, \mathrm{m} \) with a speed of \( 11.0\, \mathrm{m/s} \). We

will explore the problem step-by-step, examining the underlying physics, possible assumptions, and the

implications of the given data.

---

Setting the Stage: Understanding the Given Data

Initial Conditions and Known Parameters

- Initial position (\( x_0 \)): 0 meters at \( t=0 \)

- Position when passing a specific point (\( x \)): 25.0 meters

- Speed at that point (\( v \)): 11.0 meters per second

- Time at \( x=25.0\, \mathrm{m} \) (\( t \)): Unknown (to be determined or modeled)

This set of data points forms the basis for analyzing the car's motion, which could be uniformly

accelerated, uniformly decelerated, or moving at a constant velocity depending on additional context or

assumptions.

---



Fundamental Assumptions and Kinematic Models

1. Constant Velocity Model (Uniform Motion)

- Assumption: The car moves with a constant speed \( v \)

- Implication: No acceleration (\( a=0 \))

- Equation of motion: \( x = x_0 + v t \)

- From the data:

\[

25.0\, \mathrm{m} = 0 + v t

\]

\[

t = \frac{25.0\, \mathrm{m}}{11.0\, \mathrm{m/s}} \approx 2.27\, \mathrm{s}

\]

- Key insight: If the car travels at a constant 11.0 m/s, it reaches 25.0 m in approximately 2.27

seconds.

Limitations: Real-world cars rarely sustain constant velocities over extended distances without

acceleration or deceleration, especially from rest.

---

2. Uniform Acceleration Model

- Assumption: The car accelerates uniformly from rest

- Equations:

\[

x = x_0 + v_0 t + \frac{1}{2} a t^2

\]

\[



v = v_0 + a t

\]

- Since \( x_0 = 0 \), \( v_0 = 0 \):

\[

x = \frac{1}{2} a t^2

\]

\[

v = a t

\]

- At \( x=25.0\, \mathrm{m} \):

\[

25.0 = \frac{1}{2} a t^2

\]

- At that point, the velocity is given:

\[

v = 11.0 = a t

\]

- Combining the two:

\[

a t = 11.0

\]

\[

a = \frac{11.0}{t}

\]

Substitute into the position equation:

\[

25.0 = \frac{1}{2} \times \frac{11.0}{t} \times t^2 = \frac{1}{2} \times 11.0 \times t

\]

\[

25.0 = 5.5 \times t

\]



\[

t = \frac{25.0}{5.5} \approx 4.55\, \mathrm{s}

\]

- From this, the acceleration:

\[

a = \frac{11.0}{4.55} \approx 2.42\, \mathrm{m/s^2}

\]

- Summary:

- Time to reach 25.0 m: approximately 4.55 seconds

- Acceleration: approximately 2.42 m/s²

- Initial velocity: zero (since starting from rest)

Implication: If the car accelerates uniformly from rest, it takes about 4.55 seconds to reach the 25-

meter mark, traveling at 11 m/s at that position.

---

Deriving the Complete Motion Profile

1. For Uniform Acceleration from Rest

- Position as a function of time:

\[

x(t) = \frac{1}{2} a t^2

\]

- Velocity as a function of time:

\[

v(t) = a t

\]

- Time to reach \( x=25\, \mathrm{m} \):



\[

t_{25} = \sqrt{\frac{2 x}{a}} \approx 4.55\, \mathrm{s}

\]

- Velocity at \( x=25\, \mathrm{m} \):

\[

v = a t_{25} \approx 2.42 \times 4.55 \approx 11.0\, \mathrm{m/s}

\]

- Acceleration:

\[

a \approx 2.42\, \mathrm{m/s^2}

\]

This model aligns well with the given data and provides a complete picture of the car's acceleration

profile from rest to the point of passing \( x=25\, \mathrm{m} \).

2. For Constant Velocity Scenario

- Time to reach 25 m:

\[

t \approx 2.27\, \mathrm{s}

\]

- Implication: The car would need to have been traveling at a steady 11 m/s from \( t=0 \). However,

this conflicts with the starting point at rest unless the car accelerates quickly before reaching the point

of interest.

---

Implications and Real-World Considerations



Understanding the Acceleration Profile

- The calculated acceleration (~2.42 m/s²) is reasonable for a typical car accelerating from rest.

- The time scales (~4.55 seconds to reach 25 m) suggest a moderate acceleration phase, which aligns

with typical acceleration capabilities.

Energy and Power Considerations

- The work done by the engine to accelerate the car depends on the mass (\( m \)) of the vehicle.

- Kinetic energy at 11 m/s:

\[

KE = \frac{1}{2} m v^2

\]

- The power required depends on the acceleration and the velocity profile, influencing fuel efficiency

and engine specifications.

Possible Variations in Motion

- Non-uniform acceleration: real-world driving involves acceleration and deceleration phases.

- Friction and air resistance: these forces oppose motion, requiring additional force from the engine.

- Driver behavior and control systems: modern vehicles might employ cruise control or adaptive

acceleration, affecting the profile.

---

Advanced Analysis: Calculating Time and Velocity at Different

Points

Suppose we want to analyze the car's position and velocity at arbitrary times or points, assuming



uniform acceleration:

Given:

- \( x_0=0 \)

- \( v_0=0 \)

- \( a \approx 2.42\, \mathrm{m/s^2} \)

At time \( t \):

\[

x(t) = \frac{1}{2} a t^2

\]

\[

v(t) = a t

\]

- For example, at \( t=2\, \mathrm{s} \):

\[

x(2) = 0.5 \times 2.42 \times 4 = 4.84\, \mathrm{m}

\]

\[

v(2) = 2.42 \times 2 = 4.84\, \mathrm{m/s}

\]

- At \( t=4\, \mathrm{s} \):

\[

x(4) = 0.5 \times 2.42 \times 16 \approx 19.36\, \mathrm{m}

\]

\[

v(4) \approx 2.42 \times 4 \approx 9.68\, \mathrm{m/s}

\]

- At \( t=4.55\, \mathrm{s} \):

\[



x \approx 25\, \mathrm{m}

\]

\[

v \approx 11\, \mathrm{m/s}

\]

This detailed temporal analysis helps in understanding the velocity and position evolution over time.

---

Real-World Applications and Broader Context

1. Vehicle Safety and Control

- Knowing acceleration profiles
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