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Understanding the motion of objects under constant acceleration is fundamental in physics, especially

in kinematics. When analyzing a cart moving along a straight path with a specified acceleration, it

becomes essential to determine various parameters such as its velocity at different times, the distance

traveled, and the time elapsed. This article delves into the problem of a cart with a constant

acceleration of 2 meters per second squared (2 m/s²), which at a certain instant has a speed of 5

meters per second (5 m/s). We will explore what additional information can be derived from this data,

how to compute the cart’s velocity at different times, the displacement, and related concepts.

---

Understanding the Problem Statement

The problem states:

- The cart has a constant acceleration, A = 2 m/s².

- At a certain instant in time, the speed (or velocity magnitude) of the cart is 5 m/s.

The key questions typically associated with such a problem are:

- What is the cart’s velocity at another time?

- How far has the cart traveled?

- How long has it been moving since a known reference point?



To answer these, we need to understand the fundamental equations governing uniform acceleration.

---

Fundamental Concepts in Kinematics

Kinematic equations describe the motion of objects under uniform acceleration (constant acceleration).

These equations relate initial velocity, final velocity, acceleration, displacement, and time.

Key variables:

- \( u \): initial velocity (at the start point or reference instant)

- \( v \): final velocity (at time \( t \))

- \( a \): constant acceleration

- \( s \): displacement (distance traveled along the path)

- \( t \): time elapsed

Basic kinematic equations:

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

2. \( s = ut + \frac{1}{2} a t^2 \)

3. \( v^2 = u^2 + 2 a s \)

4. \( s = \frac{(u + v)}{2} \times t \)

In our case, since the problem provides a specific instantaneous velocity and acceleration, and asks

for the unknowns, these equations will be essential tools.

---



Analyzing the Given Data

- Acceleration, \( a \): 2 m/s² (constant)

- Instantaneous velocity, \( v \): 5 m/s at a certain time \( t \)

The problem does not specify whether this instant is the initial, final, or some intermediate point. To

proceed, we often assume:

- The initial velocity \( u \) at some initial time \( t_0 \), which we may set as zero if unspecified.

- The instant when velocity is 5 m/s occurs after some time \( t \).

---

Calculating the Initial Velocity \( u \)

Suppose:

- The cart starts from rest at \( t = 0 \), with \( u = 0 \).

- It accelerates at \( a = 2 \, \text{m/s}^2 \).

Using the first kinematic equation:

\[

v = u + a t

\]

At the instant when \( v = 5 \, \text{m/s} \), the time \( t \) is:

\[

t = \frac{v - u}{a}

\]

If initial velocity \( u = 0 \):



\[

t = \frac{5\, \text{m/s} - 0}{2\, \text{m/s}^2} = 2.5\, \text{seconds}

\]

This means, after 2.5 seconds, the cart reaches a speed of 5 m/s.

---

Calculating Distance Traveled at That Instant

Using the displacement equation:

\[

s = u t + \frac{1}{2} a t^2

\]

with \( u = 0 \), \( a = 2 \, \text{m/s}^2 \), \( t = 2.5\, \text{s} \):

\[

s = 0 + \frac{1}{2} \times 2 \times (2.5)^2 = 1 \times 6.25 = 6.25\, \text{meters}

\]

Thus, at the moment the cart attains 5 m/s, it has traveled 6.25 meters from the starting point.

---

What Is the Final Velocity After a Given Time?

Suppose you want to determine the velocity after a time \( t \) longer or shorter than 2.5 s, or at a

specific point in time, you can use:



\[

v = u + a t

\]

For example, after 4 seconds:

\[

v = 0 + 2 \times 4 = 8\, \text{m/s}

\]

Similarly, the displacement after 4 seconds:

\[

s = 0 + \frac{1}{2} \times 2 \times 4^2 = 0 + 1 \times 16 = 16\, \text{meters}

\]

---

Understanding the Relationship Between Velocity and

Displacement

Using the equation:

\[

v^2 = u^2 + 2 a s

\]

we can relate the velocity at a certain point to the displacement traveled from the starting point.

At the instant when \( v = 5\, \text{m/s} \):

\[

(5)^2 = u^2 + 2 \times 2 \times s



\]

\[

25 = 0 + 4 s

\]

\[

s = \frac{25}{4} = 6.25\, \text{meters}

\]

which matches the earlier calculation, confirming consistency.

---

What If the Initial Velocity Is Not Zero?

The previous calculations assume the cart started from rest. If the initial velocity \( u \) is different, the

calculations change accordingly.

Suppose:

- The initial velocity \( u \) is unknown.

- At a certain instant, the velocity is 5 m/s.

Given that:

\[

v = u + a t

\]

\[

t = \frac{v - u}{a}

\]

Displacement:



\[

s = ut + \frac{1}{2} a t^2

\]

Expressed in terms of \( u \):

\[

s = u \times \frac{v - u}{a} + \frac{1}{2} a \left( \frac{v - u}{a} \right)^2

\]

\[

s = \frac{u(v - u)}{a} + \frac{1}{2} a \times \frac{(v - u)^2}{a^2} = \frac{u(v - u)}{a} + \frac{(v - u)^2}{2a}

\]

This illustrates how initial velocity influences the displacement and timing.

---

Applications and Real-World Examples

Understanding such kinematic relationships is crucial in various fields:

- Transportation: Designing safe braking distances for vehicles.

- Engineering: Calculating the motion of machinery parts.

- Sports Science: Analyzing athlete acceleration and velocity.

- Robotics: Programming movement sequences with known accelerations.

---

Practical Problems and Exercises



To deepen understanding, consider practicing these types of problems:

Calculate the velocity of the cart after 3 seconds if it starts from rest and accelerates at 2 m/s².1.

Determine the displacement of the cart after 4 seconds under the same acceleration.2.

If the cart reaches a velocity of 8 m/s, how long has it been moving?3.

From the initial rest, how far does the cart travel in 2.5 seconds before reaching 5 m/s?4.

Suppose the initial velocity was 1 m/s, what would be the velocity after 2.5 seconds?5.

---

Summary and Key Takeaways

- The acceleration of a cart influences how quickly it reaches higher velocities.

- Using kinematic equations allows calculation of velocity, displacement, and time at various points.

- When initial velocity is zero, calculations are simplified; otherwise, adjustments are needed.

- The relationship between velocity and displacement is given by \( v^2 = u^2 + 2 a s \).

- Understanding these principles is essential for solving real-world physics problems involving motion.

---

Conclusion

The problem of a cart with constant acceleration of 2 m/s² and a known instantaneous speed of 5 m/s



exemplifies fundamental kinematic principles. By applying the basic equations of motion, we can

determine the time elapsed, the distance traveled, and predict the cart’s behavior at different points

during its motion. Grasping these concepts provides a solid foundation for analyzing more complex

dynamics scenarios in physics and engineering. Whether for academic purposes or practical

applications, mastering the relationship between acceleration, velocity, and displacement is invaluable

in understanding the mechanics of moving objects.

Frequently Asked Questions

A cart has a constant acceleration of 2 m/s². If its speed is 5 m/s at

a certain instant, what is its velocity after 3 seconds?

Using v = u + at, where u = 5 m/s, a = 2 m/s², t = 3 s: v = 5 + (2)(3) = 5 + 6 = 11 m/s.

Given a cart with acceleration 2 m/s² and initial speed 5 m/s, how

long will it take to reach a speed of 17 m/s?

Using v = u + at, t = (v - u)/a = (17 - 5)/2 = 12/2 = 6 seconds.

What is the displacement of the cart after 4 seconds, given initial

speed 5 m/s and acceleration 2 m/s²?

Using s = ut + 0.5at², s = (5)(4) + 0.5(2)(4)² = 20 + 0.5(2)(16) = 20 + 16 = 36 meters.

If a cart accelerates at 2 m/s² and reaches 5 m/s, what was its

initial speed?

Assuming constant acceleration and knowing final speed at a certain instant, initial speed is not

specified here; more information is needed to determine initial speed.



How do you calculate the acceleration of a cart if its speed increases

from 5 m/s to 15 m/s in 4 seconds?

Using a = (v - u)/t = (15 - 5)/4 = 10/4 = 2.5 m/s².

What is the kinetic energy of the cart when its speed is 5 m/s?

Kinetic energy KE = 0.5 m v². Without mass, we cannot compute the exact KE, but KE = 0.5 m (5)² =

12.5 m.

If the cart's acceleration is 2 m/s², what is its speed after 10

seconds starting from rest?

Starting from rest (u = 0), v = u + at = 0 + (2)(10) = 20 m/s.

What is the change in velocity of the cart over 5 seconds with

constant acceleration of 2 m/s²?

Change in velocity Δv = a t = 2 5 = 10 m/s.

Can the cart's acceleration be negative if its speed is 5 m/s at a

certain instant?

Yes, if the cart is slowing down, the acceleration can be negative (deceleration). However, with a

positive acceleration, the speed increases.

What is the formula to find the velocity of a cart at any time with

constant acceleration?

v = u + at, where u is initial velocity, a is acceleration, and t is time.



Additional Resources

Understanding Constant Acceleration in Kinematics: A Deep Dive into the Cart's Motion

Kinematics, a fundamental branch of physics, deals with the motion of objects without considering the

forces that cause this motion. When analyzing linear motion with constant acceleration, the equations

governing the movement become powerful tools to predict future states based on current conditions.

One classic problem often encountered in physics education involves determining an object's velocity

or position at a particular instant when it undergoes constant acceleration. In this detailed exploration,

we'll analyze a scenario involving a cart with a constant acceleration of \(A = 2\, \text{m/s}^2\), which at

a certain instant has a speed of \(5\, \text{m/s}\). Our goal is to understand what specific quantity is

being asked for in this problem, how the relevant equations apply, and how to approach solving it

comprehensively.

---

Fundamentals of Motion with Constant Acceleration

Before delving into the specific problem, it's crucial to review the foundational concepts and equations

governing uniformly accelerated motion.

Key Variables in Kinematic Equations

- Initial velocity (\(u\)): The velocity of the object at the starting point of observation.

- Final velocity (\(v\)): The velocity at a later time or at a specific instant.

- Acceleration (\(a\)): The rate at which the velocity changes with time, assumed constant here.

- Time (\(t\)): The duration over which the motion occurs.

- Displacement (\(s\)): The change in position during the motion.



Standard Kinematic Equations for Constant Acceleration

These equations relate the variables described above:

1. \( v = u + at \)

2. \( s = ut + \frac{1}{2}at^2 \)

3. \( v^2 = u^2 + 2as \)

4. \( s = \frac{(u + v)}{2} \times t \)

Knowing any three of the variables in these equations allows the calculation of the others.

---

Analyzing the Given Problem

The problem states:

- The cart has a constant acceleration \(A = 2\, \text{m/s}^2\).

- At a certain instant, its speed (which is the magnitude of velocity) is 5 m/s.

- The question: What is its — and then, typically, the question continues with "what is its velocity at a

different point?", "what is its displacement?", "what is its time since starting?", or "what is its speed

after a certain time?".

Since the original prompt does not explicitly specify what quantity is to be determined, common

interpretations include:

- Its initial velocity before this instant.

- Its velocity after a certain time.

- Its displacement from some starting point.



- The time elapsed to reach this speed.

- Its velocity at another point in time.

In the absence of explicit clarification, the most probable intent is to determine the velocity at a

different instant or the initial velocity given the current speed and acceleration.

---

Possible Interpretations and Approaches

Given the information, let's explore the most common questions and how to solve for them.

1. Finding the Velocity at a Different Instant

Suppose the question is: "What is the velocity of the cart after a certain time?" To answer this, we

need to know either the time elapsed or some other parameter.

2. Determining the Initial Velocity (\(u\))

If the current velocity \(v = 5\, \text{m/s}\) is known at a certain instant, and acceleration \(a = 2\,

\text{m/s}^2\) is constant, then the initial velocity \(u\) can be found if the time \(t\) since the start is

known or vice versa.

3. Calculating Displacement (\(s\))

If we know either the initial velocity, the current velocity, and the time elapsed, we can find the

displacement covered during that period.

---



Deep Dive: Calculating Unknown Quantities

To truly understand the problem, let's assume a common scenario: the current instant is some specific

point in the motion, and we want to find the velocity after a certain time or the initial velocity.

---

Scenario A: Find the initial velocity \(u\) given current velocity \(v =

5\, \text{m/s}\) and acceleration \(a = 2\, \text{m/s}^2\).

Given:

- \(a = 2\, \text{m/s}^2\),

- \(v = 5\, \text{m/s}\),

- \(t = ?\),

- \(u = ?\).

Approach:

Use the first equation:

\[ v = u + at \]

But since \(t\) is unknown, we need an additional relation. Suppose we also know the displacement

from the start or the time elapsed to reach \(v=5\, \text{m/s}\).

Alternatively, if we consider that the current instant is at time \(t\), then:

\[ u = v - at \]



If the problem suggests that the current velocity is at a particular point in time, and no initial velocity is

specified, then perhaps the most relevant equation is:

\[

v^2 = u^2 + 2as

\]

But without knowing the displacement \(s\), this route stalls.

---

Scenario B: Find the velocity after a certain time

Suppose the initial velocity \(u\) is known, or zero, and we are asked to find \(v\) after \(t\) seconds.

Using:

\[

v = u + at

\]

If, for example, \(u = 0\, \text{m/s}\), then after \(t\) seconds:

\[

v = 0 + 2t

\]

At the instant when \(v = 5\, \text{m/s}\):

\[



5 = 2t \Rightarrow t = 2.5\, \text{s}

\]

Thus, the cart reaches 5 m/s after 2.5 seconds, starting from rest.

---

Scenario C: Find the initial velocity \(u\) given the current velocity \(v

= 5\, \text{m/s}\) and the time elapsed \(t\)

Using:

\[

v = u + at

\]

Rearranged:

\[

u = v - at

\]

Suppose \(t\) is known, say \(t = 2.5\, \text{s}\), then:

\[

u = 5 - 2 \times 2.5 = 5 - 5 = 0\, \text{m/s}

\]

This aligns with the previous scenario where the cart started from rest.



---

Understanding the Physical Meaning and Context

It’s essential to interpret the problem physically. The cart accelerates at \(2\, \text{m/s}^2\). If at some

instant, its speed is 5 m/s, then:

- It could be starting from rest (\(u=0\)), reaching 5 m/s after:

\[

t = \frac{v - u}{a} = \frac{5 - 0}{2} = 2.5\, \text{s}

\]

- Or, if the initial velocity was different, the current velocity at that instant corresponds to a different

time in the motion.

---

Additional Considerations

Direction of Motion and Sign Conventions

- The problem states "speed" as magnitude, which is always positive, but in calculations, the sign of

velocity and acceleration matters.

- If the acceleration is in the same direction as velocity, the object speeds up; if opposite, it slows

down.

Displacement Calculation



Suppose we want to find how far the cart has traveled during this 2.5 seconds:

\[

s = ut + \frac{1}{2}at^2

\]

If \(u=0\):

\[

s = 0 + \frac{1}{2} \times 2 \times (2.5)^2 = 1 \times 6.25 = 6.25\, \text{m}

\]

The cart covers 6.25 meters in 2.5 seconds, starting from rest.

---

Summary: What the Question Likely Asks

Given the initial statement, the most probable interpretation is:

- The problem provides the acceleration \(A=2\, \text{m/s}^2\),

- The current speed at a certain instant is \(5\, \text{m/s}\),

- And asks: What is the velocity of the cart at a different time? or what is the initial velocity?

The key steps to solve such problems involve:

1. Using the relevant kinematic equation (\(v^2=u^2+2as\) or \(v=u+at\)),

2. Making assumptions based on typical problem contexts,

3. Calculating the unknown based on the provided data.



---

Conclusion: The Significance of Constant Acceleration

Problems
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