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Understanding the motion of particles is a fundamental aspect of physics and engineering. The
equation of motion provides insights into how objects move under various forces and conditions. In
this comprehensive article, we delve into the given function, analyze its components, and derive a
suitable velocity function for the particle described by the equation. Whether you're a student,
researcher, or enthusiast, this guide will help you master the process of interpreting complex motion
equations and extracting meaningful velocity functions.

Introduction to the Equation of Motion

Before we analyze the given function, it's essential to understand the significance of equations of
motion in physics. These equations describe how a particle's position, velocity, and acceleration
change over time, often under the influence of forces. They are fundamental in classical mechanics,
quantum mechanics, and various engineering applications.

The provided equation appears to be a composite expression:

Lets(t) = 4t36t2240tbe

At first glance, this looks like a concatenation of terms involving the variable t with numerical
coefficients and possibly some constants. The notation, however, suggests typographical or

formatting issues that need clarification. For this analysis, let's interpret the expression as a sum of
terms involving powers of t, which is common in motion equations.

Deciphering the Equation: Clarifying the Expression

Given the apparent typographical issues in the original expression, we aim to interpret it as a
mathematical function of t. Possible interpretations include:

1. Lets(t) = 4t + 36t + 2240t + be

2. Lets(t) = 4t"3 + 6t™2 + 240t + e



3. Lets(t) = 4t~3 + 36t~2 + 240t + be

Given the context of motion equations, the third interpretation seems most plausible, as it resembles
a polynomial expression typical in kinematic equations.

Assumption:

Let’s assume the equation is:
Lets(t) = 4t% + 36t2 + 240t + be
Where:

- t is time

- be is a constant term, possibly representing initial conditions or initial position

Understanding the Components of the Equation

The polynomial:
Lets(t) = 4t3 + 36t2 + 240t + be

can be viewed as a position function s(t) of the particle over time. Each term contributes to the
overall position depending on t:

- 413: A cubic component, possibly indicating acceleration effects

- 36t2: Quadratic term, representing velocity-related contributions

- 240t: Linear term, often associated with constant velocity components
- be: Constant term, representing initial position s(0)

Understanding this structure allows us to proceed to find the velocity function, which is the first
derivative of position with respect to time.

Deriving the Velocity Function

In classical mechanics, the velocity v(t) of a particle is obtained by differentiating its position
function s(t):



v(t) = ds(t)/dt

Given:

s(t) = 4t3 + 36t2 + 240t + be
Applying differentiation rules:

- Derivative of 4t3: 12¢2

- Derivative of 36t2: 72t

- Derivative of 240t: 240

- Derivative of be: 0 (constant)
Therefore, the velocity function:

v(t) = 12t2 + 72t + 240

Interpreting the Velocity Function

The derived velocity function:
v(t) = 12t2 + 72t + 240

provides a complete description of the particle's instantaneous velocity at any time t. Let's analyze
its components:

- Quadratic term (12t2): Indicates acceleration effects increasing with time
- Linear term (72t): Represents velocity contributions proportional to time
- Constant term (240): The initial velocity att = 0

This function encapsulates the particle's dynamic behavior over time, revealing how its speed
evolves.

Applications and Significance of the Velocity Function

Having a clear expression for v(t) allows various practical applications:



1. Predicting Particle Speed: Knowing the velocity at any moment helps in safety assessments,
engineering design, and motion planning.

2. Calculating Acceleration: Further differentiation yields acceleration, crucial for understanding
forces acting on the particle.

3. Initial Conditions: At t=0, the velocity is v(0) = 240, providing initial state data.
4. Analyzing Motion Types:
- If v(t) increases over time, the particle accelerates.

- If v(t) decreases, it experiences deceleration.

Determining Acceleration from the Velocity Function

Acceleration a(t) is the derivative of velocity:
a(t) = dv(t)/dt

Differentiating:

- Derivative of 12t2: 24t

- Derivative of 72t: 72

- Derivative of 240: 0

Thus,

a(t) =24t + 72

This linear acceleration indicates that the particle accelerates at a rate increasing linearly with time,
starting from 72 at t=0.

Summary of Key Points

- The position function Lets(t) = 4t3 + 36t? + 240t + be models the particle's position over time.
- The derived velocity function:

v(t) = 1282 + 72t + 240



describes the particle's speed at any moment.
- The acceleration:

a(t) =24t + 72

indicates how the velocity changes over time.

- Initial velocity at t=0 is 240, which helps in setting initial conditions for motion analysis.

Conclusion

Understanding the equation of motion and deriving the velocity function is essential for analyzing
particle dynamics. By interpreting the polynomial as a position function and performing
differentiation, we obtained vital insights into how the particle moves under the influence of various
factors. Accurate modeling of such motion equations enables engineers and physicists to predict
behavior, design systems, and analyze forces effectively.

Remember, always verify the form of your equations and interpret their components carefully.
Whether dealing with simple linear models or complex polynomial expressions, the fundamental

process remains the same: differentiate position to find velocity, and differentiate velocity to find
acceleration.

Additional Resources

- Classical Mechanics Textbooks: For foundational concepts

- Kinematic Equations: To understand motion under constant acceleration
- Mathematical Differentiation Techniques: For handling complex functions
- Simulation Software: Like MATLAB or Python for modeling motion

By mastering these concepts, you'll be well-equipped to analyze and interpret various motion
equations in physics and engineering contexts.

Frequently Asked Questions



What is the correct form of the velocity function v(t) given the
equation of motion Lest(t) = 4t - 361”2 + 240t?

The velocity function v(t) is the derivative of the displacement function Lest(t). Given Lest(t) = 4t -
36t"2 + 240t, first combine like terms: Lest(t) = (4t + 240t) - 36t~2 = 244t - 36t" 2. Differentiating,
v(t) = d/dt [244t - 36t"2] = 244 - 72t.

How do you derive the velocity function v(t) from the given
equation of motion Lest(t)?

To find v(t), differentiate the displacement function Lest(t) with respect to time t. This involves
applying basic differentiation rules: v(t) = d/dt [Lest(t)].

What is the significance of the velocity function v(t) in the
context of particle motion?

The velocity function v(t) describes how fast and in which direction the particle is moving at any
given time t. It provides insights into the particle's speed and whether it is accelerating or
decelerating.

Given Lest(t) = 4t - 36t~ 2 + 240t, what is the particle's
velocity at t = 0?
First, find v(t) = 244 - 72t. At t = 0, v(0) = 244 - 720 = 244 units/sec.

At what time t does the particle come to rest according to the
velocity function v(t)?

Set v(t) = 0: 244 - 72t = 0. Solving for t gives t = 244 / 72 = 3.39 seconds.

How can the velocity function v(t) help determine when the
particle changes direction?

Direction changes occur when v(t) crosses zero. By analyzing the roots of v(t), specifically when v(t)
= 0, we identify potential points where the particle reverses direction.

What is the acceleration function a(t) for the particle, given
v(t) = 244 - 7212

Differentiate v(t) with respect to t: a(t) = d/dt [244 - 72t] = -72.

Is the particle accelerating or decelerating at t = 0? Use the
functions to justify your answer.

Since a(t) = -72 (a constant negative acceleration) and v(0) = 244 (positive velocity), the particle is



decelerating at t = 0 because acceleration opposes the direction of motion.

How would you compute the total displacement of the particle
over a given time interval using v(t)?

The total displacement from time t=a to t=b is found by integrating v(t) over [a, b]: Displacement =
Ja® v(t) dt. Using v(t) = 244 - 72t, integrate accordingly.

Additional Resources

Understanding the Equation of Motion for a Particle: Deriving Velocity from the Given Function

Introduction to Equations of Motion

In classical mechanics, the equation of motion describes how a particle moves under the influence of
various forces. It provides a mathematical framework to analyze and predict the particle’s position,
velocity, and acceleration over time. These equations are fundamental to understanding phenomena
ranging from planetary motion to everyday mechanics.

The core relationship connecting displacement, velocity, and acceleration is rooted in calculus:
- Displacement function \( s(t) \) describes the position of the particle at time \( t ).

- Velocity function \( v(t) \) is the rate of change of displacement: \( v(t) = \frac{ds(t)}{dt} \).
- Acceleration function \( a(t) \) is the rate of change of velocity: \( a(t) = \frac{dv(t)}{dt} \).

Deciphering the Given Function

The initial task involves analyzing the provided expression:

\[ Lets(t) = 4t36t2240tbe \]

At first glance, this appears to be a garbled or incorrectly formatted mathematical expression. Given
standard conventions and typical notation, it’s likely intended to represent a function involving
multiple terms with respect to \( t\). A common pattern in equations of motion involves polynomial
functions of \(t ).

Possible Interpretations

- Typographical error: The string might be a corrupted version of a polynomial expression like \( s(t)
=4t"3 + 6t72 + 24t + 40)).



- Likely intended function: Based on typical physics exercises, perhaps the original intended
displacement function is:

\[ s(t) =4t"3 + 6t"2 + 24t + 40 \]
This form is a typical cubic polynomial used in kinematic problems to analyze motion.
Assumption for Further Analysis

For the purpose of this discussion, we will assume the displacement function is:

\[

\boxed{

s(t) = 4t™3 + 6t72 + 24t + 40
}

\]

This assumption aligns with common polynomial expressions encountered in motion equations and
allows us to proceed with deriving velocity and other kinematic quantities.

Deriving the Velocity Function \( v(t) \)

The velocity function is obtained by differentiating the displacement function with respect to time:

\[
v(t) = \frac{ds(t)}{dt}
\]

Given:

\[
s(t) = 473 + 6t°2 + 24t + 40

\]

Let's differentiate term-by-term:

1.\(\frac{d}{dt} (4t"3) = 12t"2)
2. \(\frac{d}{dt} (6t"2) = 12t\)
3.\(\frac{d}{dt} (24t) = 24)

4. \(\frac{d}{dt} (40)=0))

Combining these results, the velocity function becomes:

\[
\boxed{
v(t) = 12t"2 + 12t + 24

}



\]

This quadratic function provides the velocity at any instant \( t\). It's important for understanding
how the particle accelerates or decelerates over time.

Analyzing the Velocity Function

Having derived the velocity function, we can now analyze its properties, including its behavior over
time, points of zero velocity (which indicate potential turning points), and acceleration.

1. Significance of the Velocity Function

- Positive \( v(t) \): The particle is moving forward.

- Negative \( v(t) \): The particle is moving backward.

- Zero \( v(t) \): The particle momentarily comes to rest, which could be a maximum, minimum, or
inflection point in the displacement.

2. Finding Critical Points

To determine where the particle changes direction, set \( v(t) = 0\):

\[
1272 + 12t + 24 =0
\]

Divide both sides by 12 for simplicity:

\[
t72+t+2=0
\]

Calculate the discriminant:

\[

\Delta = (1)"~2 - 4 \times 1 \times2=1-8 =-7

\]

Since \( \Delta < 0), the quadratic has no real roots.

Implication:

- The velocity \( v(t) \) does not cross zero; it remains positive or negative for all \( t\).
- To determine which, pick a test point:

For\(t=0\):

\[



v(0) = 12(0)"2 +12(0)+24=24>0
\]

Since the quadratic has no real roots and the value at \( t=0) is positive, \( v(t) \) remains positive
forall \(t\).

Conclusion: The particle is moving forward at all times; it does not change direction.

Understanding Acceleration and Its Role

Acceleration is the derivative of velocity:

\[
a(t) = \frac{dv(t) }{dt}
\]

Given \(v(t) = 12t72 + 12t + 24 \):

\[
a(t) = \frac{d}{dt} (12t"2 + 12t + 24) = 24t + 12

\]
1. Behavior of Acceleration

-For \(t > -\frac{1}{2}\), \(a(t) > 0)), indicating the particle is accelerating.
- For \(t < -\frac{1}{2}\), \(a(t) < 0)), indicating deceleration.

2. Points of Inflection

- The acceleration is zero at \( t = -\frac{1}{2} \). This point marks where the particle transitions
from acceleration to deceleration or vice versa.

Visualizing the Motion

Graphical analysis can provide insights into the particle’s motion:

- The displacement graph \( s(t) \) is a cubic polynomial, generally S-shaped, showing the position
over time.

- The velocity graph \( v(t) \) is a parabola opening upwards, shifted vertically, indicating constant
positive velocity (since no zeros).

- The acceleration graph \( a(t) \) is a straight line with slope 24, crossing zero at \(t = -\frac{1}{2}
\).



Summary of Key Findings

- Displacement function:

\[
s(t) = 4t"3 + 6t°2 + 24t + 40
\]

- Velocity function:

\[
v(t) = 12t72 + 12t + 24
\]

- Acceleration function:
\[

a(t) =24t + 12

\]

- The particle moves forward for all \( t\), with no change in direction, as \( v(t) \) remains positive.

- The particle accelerates when \( t > -\frac{1}{2} \) and decelerates when \(t < -\frac{1}{2}\).

Additional Considerations and Applications

1. Initial Conditions

-At\(t=0\):

\]

This indicates the particle starts at position 40 units from the origin, moving forward with an initial
velocity of 24 units/sec and accelerating at 12 units/sec\("2\).



2. Time to Reach a Certain Velocity
Suppose we want to find when the particle reaches a specific velocity, say \( v(t) = 60 \):

\[

12t72 + 12t + 24 = 60

\]

\[

12t72 + 12t +24-60=0
\]

\[

12t72 +12t-36 =0

\]

Divide by 12:

\[
t*2+t-3=0
\]

Quadratic formula:

\[

t = \frac{-1 \pm \sqrt{172 - 4 \times 1 \times (-3)}}{2} = \frac{-1 \pm \sqrt{1 + 12} }{2} = \frac{-1
\pm \sqrt{13} }{2}

\]

Approximate solutions:

\[
t \approx \frac{-1 \pm 3.6056} {2}
\]

-\( t \approx \frac{-1 + 3.6056} {2} \approx 1.3028 )
-\( t \approx \frac{-1 - 3.6056}{2} \approx -2.3028 \)

Since negative time may be non-physical depending on context, the particle reaches \( v=60 )
units/sec at approximately \( t \approx 1.3 \) seconds.
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