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Understanding the displacement of an airplane undergoing uniform acceleration is a fundamental
concept in kinematics, a branch of physics that deals with the motion of objects without considering
the forces causing the motion. When an airplane accelerates uniformly from an initial velocity (u) to a
final velocity (v) over a certain period, calculating the displacement (s) it covers during this interval is
essential for various applications, including flight planning, safety assessments, and aerodynamic
analysis. In this article, we will explore the process of determining the displacement of an airplane

that accelerates uniformly from 66 meters per second (m/s) to 88 m/s, elaborating on the relevant
formulas, step-by-step calculations, and practical considerations.

Understanding the Problem: Key Parameters and
Assumptions

Before diving into calculations, it's important to understand the given parameters and assumptions
involved in the problem.

Given Data:

e Initial velocity, u = 66 m/s

e Final velocity, v = 88 m/s

Assumptions:

e The acceleration is uniform, meaning it remains constant throughout the motion.
e Time taken to accelerate (t) is not specified, but can be derived if needed.

e Other external forces such as air resistance are neglected for simplicity.

The goal is to find the displacement, s, covered by the airplane during this acceleration period.



Fundamental Kinematic Equations for Uniform
Acceleration

Kinematics provides a set of equations that relate the initial velocity, final velocity, acceleration,
displacement, and time for objects moving with constant acceleration.

Key equations include:

1. v = u + at — relates final velocity, initial velocity, acceleration, and time.
2. s = ut + Y2at? — relates displacement, initial velocity, acceleration, and time.

3. v2 = u? + 2as — relates initial and final velocities, acceleration, and displacement.

For this problem, the third equation, v2 = u? + 2as, is particularly useful because it allows us to find
displacement directly without needing the acceleration or time explicitly.

Calculating the Displacement

Given the initial and final velocities, the primary task is to compute the acceleration and then use it to
find the displacement.

Step 1: Find the acceleration (a)

Using the equation:

\[
V2 =Uu"2 + 2as
\]

Rearranged to solve for a:

\[
a =\frac{v"2 -u"2}{2s}
\]

However, since s is the unknown, we need to find a using other relations. Alternatively, if the time tis
known or can be calculated, then:

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



\]

But in this problem, time is not specified. To proceed, we'll employ the velocity relation to find a
assuming a known t or by expressing a in terms of the known velocities.

Alternative approach: Use the equation:

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

and find t if necessary.
Step 2: Derive acceleration using the velocity-time relation

Since t is unknown, we need to find a directly. To do this, we can consider that the acceleration is
constant and that the average velocity during this interval is:

\[
v_{avg} = \frac{u + v}{2}
\]

The displacement s can then be expressed as:

\[
s =v_{avg} \times t
\]

But again, without t, this is insufficient. Therefore, the most straightforward way is to use the third
kinematic equation directly, assuming a is constant and s is unknown:

\[
V2 =Uu"2 + 2as
\]

Rearranged to find s:

\[
s =\frac{v"2 -u”2}{2a}
\]

But since a is unknown, we need an alternative. Another approach is to find a using the relation:

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

and then derive t if an additional parameter is provided or assumed.

Note: In many practical problems, the time of acceleration is specified or can be measured. If not, and
only initial and final velocities are given, the problem is underdetermined unless more information is



provided.

However, in many physics problems involving uniform acceleration from known initial and final
velocities, it's common to assume a specific acceleration or to compute the displacement over a given
time.

Simplification: Assume an acceleration rate or a time interval

Suppose we want to determine the displacement after a certain time period or based on a given
acceleration. Since the problem doesn't specify time, let's assume a typical acceleration value for the
airplane or relate the quantities accordingly.

Using the velocity equation to express acceleration in terms of velocities
Alternatively, if we assume the acceleration occurs over a certain period t, then:

\[

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

\]

and the displacement:

\[

s =ut + \frac{1}{2} at"™2
\]

Substituting for a:

\[

s =ut + \frac{1}{2} \left( \frac{v - u}{t} \right) t~2 = ut + \frac{1}{2} (v-u) t
\]

which simplifies to:

\[

s=ut +\frac{1}{2} (v-u)t

\]

If tis known, this can be directly computed.

Practical Calculation: Assuming a Time Frame

Suppose, for illustration, the airplane accelerates from 66 m/s to 88 m/s over 10 seconds. Then:



Step 1: Calculate acceleration

\[

a = \frac{v - u}{t} = \frac{88\, \text{m/s} - 66\, \text{m/s}} {10\, \text{s}} = \frac{22\,
\text{m/s}}{10\, \text{s}} = 2.2\, \text{m/s} "2

\]

Step 2: Calculate displacement
Using the equation:

\[
s =ut + \frac{1}{2} at"™2
\]

Substitute known values:

\[

s = 66\, \text{m/s} \times 10\, \text{s} + \frac{1}{2} \times 2.2\, \text{m/s} "2 \times (10\,
\text{s})"2

\]

Calculate each term:
- First term:

\[
66 \times 10 = 660\, \text{m}
\]

- Second term:

\[
0.5 \times 2.2 \times 100 = 0.5 \times 220 = 110\, \text{m}
\]

Total displacement:

\[
s =660 + 110 = 770\, \text{m}
\]

Therefore, assuming a 10-second acceleration period, the airplane covers 770 meters while
accelerating from 66 m/s to 88 m/s.

Generalized Formula for Displacement

If you wish to find displacement without assuming a time, you can use the velocity relation directly:



\[
v*2 =Uu"2 + 2as
\]

Rearranged for s:

\[
s =\frac{v"2 -u~2}{2a}
\]

But to use this, a must be known or calculated, which requires additional data.

Practical Applications and Significance
Understanding the displacement during acceleration is crucial for various aviation operations:

- Takeoff Planning: Knowing how far an airplane travels during acceleration helps in runway length
determination.

- Safety Assessments: Ensuring sufficient runway distance for acceleration and deceleration.

- Performance Analysis: Evaluating if the aircraft's engines and aerodynamic design meet
performance requirements.

- Navigation and Guidance: Accurate displacement calculations aid in navigation, especially in
scenarios involving acceleration phases.

Additional Considerations in Real-World Scenarios

While the simplified calculations provide valuable insights, real-world applications involve more
complex factors:

- Air Resistance and Drag: These forces oppose acceleration and affect the actual displacement.

- Variable Acceleration: In reality, acceleration may not be perfectly uniform; it varies due to engine
performance and aerodynamic factors.

- Altitude and Air Density: Changes in altitude and air density influence engine thrust and
aerodynamic properties.

- Engine Power and Thrust: The rate of acceleration depends on the aircraft's thrust capabilities.

In such cases, computational models, flight simulations, or empirical data are used to accurately
determine displacement.

Summary

Determining the displacement of an airplane experiencing uniform acceleration from 66 m/s to 88 m/s
involves understanding fundamental kinematic



Frequently Asked Questions

How do you calculate the displacement of an airplane that
accelerates uniformly from 66 m/s to 88 m/s?

You can use the kinematic equation: s = vot + (1/2)at?, where you first find the acceleration a = (v -
vo)/t, then substitute the known values to find the displacement s.

What is the formula to determine acceleration when an
airplane’s initial and final velocities are known?

Acceleration a = (v - vo)/t, where v is the final velocity (88 m/s), vo is the initial velocity (66 m/s), and t
is the time over which acceleration occurs.

If the acceleration time is unknown, how can displacement be
calculated for the airplane's acceleration from 66 m/s to 88
m/s?

If time is unknown, you need additional information such as the acceleration or the duration. Without
it, you cannot directly compute displacement. Alternatively, if acceleration or time is given, you can
use the kinematic equations accordingly.

What assumptions are made when calculating the
displacement of an accelerating airplane in this scenario?

The calculation assumes the acceleration is uniform (constant), the motion occurs in a straight line,
and external factors like air resistance are negligible.

Can you determine the displacement if only the initial and
final velocities are known without acceleration or time? Why
or why not?

No, because displacement depends on acceleration and time unless additional information like
acceleration or duration is provided. With only initial and final velocities, you cannot determine
displacement definitively.

Additional Resources

Determine The Displacement Of An Airplane That Experiences Uniform Acceleration From 66 M/s To
88 M/s

Understanding how to determine the displacement of an airplane undergoing uniform acceleration is
fundamental in physics, especially in the context of aeronautics and engineering. This problem
involves calculating the distance traveled when an aircraft accelerates steadily from an initial velocity



to a final velocity over a certain period or distance. The ability to accurately determine displacement
under such conditions is crucial for designing safe flight procedures, optimizing fuel consumption, and
ensuring precise navigation. In this article, we will explore the theoretical foundations, mathematical
methods, and practical considerations involved in solving the problem of displacement during uniform
acceleration, providing a comprehensive guide to both students and professionals interested in
kinematics and aeronautical physics.

Understanding the Basics of Uniform Acceleration

What Is Uniform Acceleration?

Uniform acceleration refers to a constant rate of change of velocity with respect to time. In
mathematical terms, if an object accelerates uniformly, its acceleration \( a \) remains constant
throughout the motion. This simplifies analysis because the equations of motion are straightforward
and predictable.

Key points:

- Acceleration is constant: \( a = \text{constant}\)

- Velocity changes linearly over time

- Displacement can be derived using standard kinematic equations

The Importance in Aviation

In aviation, uniform acceleration scenarios are common during takeoffs, accelerations during climb, or
when adjusting speeds during flight. Knowing how far an airplane travels during such acceleration
helps in planning runway lengths, safety margins, and navigation routes.

Mathematical Framework for Displacement Calculation

To determine the displacement of an airplane that accelerates uniformly from an initial velocity \( u'\)
to a final velocity \( v \), we rely on classical kinematic equations.

Known Variables

- Initial velocity, \( u = 66\, \text{m/s} \)
- Final velocity, \( v = 88\, \text{m/s} \)
- Acceleration, \( a'\) (unknown)

- Displacement, \( s \) (unknown)



- Time taken, \( t\) (unknown)

Step-by-Step Solution Approach

1. Determine the Acceleration

Using the equation:

\[

v=u+at

\]

However, since \( t\) is unknown, it's often better to eliminate \( t\) by using the equation:

\[

V2 =u"2+2as

\]

which relates velocities, acceleration, and displacement directly, making it ideal for this problem.

Rearranged to find \( a \):
\[
a =\frac{v"2 - u~2}{2s}
\]

But since \( s\) is unknown, we need to find \( a\) differently.
Alternative approach:

Given only initial and final velocities and the nature of the problem (uniform acceleration), we can first
find \( @ \) using the relation between velocities and acceleration over time:

\[

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

\]

and the displacement:

\[
s =ut + \frac{1}{2} at"™2
\]

But since \( t\) is unknown, we can eliminate \( t\) by using the relation:

\[
s =\frac{(u + v)}{2} \times t
\]

which is the average velocity multiplied by time.



Therefore, the key is to find \( t\).

2. Find the Time Taken for the Acceleration

Using the first kinematic equation:
\[

v=u+at

\]

we can express \( t\) as:

\[

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

\]

But to find \( a\), we use the relation between velocities and displacement:

\[

V2 =u"2+2as

\]

Rearranged to solve for \( s \):
\[

s = \frac{v"2 -u"2}{2a}

\]

Alternatively, express \( a ) in terms of known quantities:

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

Since the problem involves initial and final velocities, the most straightforward approach involves
using the equation of motion that relates velocities and displacement directly:

\[
v2 =u"2+2as
\]

Rearranged to solve for \( s \):
\[

s =\frac{v"2 -u”2}{2a}

\]

But we need to find \( a\) first. To do this, note that:

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



And from the displacement equation:

\[

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

\]

Substituting \( a = \frac{v - u}{t} \), we get:

\[
s = ut + \frac{1}{2} \times \frac{v - u}{t} \times t~2 = ut + \frac{1}{2}(v-u) t
\]

Expressed as:

\[
s =ut + \frac{1}{2}(v-u)t
\]

But without knowing \( t), it's better to use the average velocity method:

\[
s = \text{average velocity} \times t = \frac{u + v} {2} \times t

\]

Now, to find \( t\), note that the acceleration relates to the velocities:

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

and from the equation:

\[
s = \frac{(u + v)}{2} \times t
\]

Expressed differently:

\[
t =\frac{2s}{u + v}
\]

Replacing \( t\) into the acceleration formula:

\[
a = \frac{v - u}{t} = \frac{v - u}{\frac{2s}{u + v}} = \frac{(v - u)(u + v)}{2s}
\]

Now, recall the earlier relation:

\[



s =\frac{v"2 -u"2}{2a}
\]

Substitute \( a \):

\[

s = \frac{v"2 - u™2}{2 \times \frac{(v - u)(u + v)}{2s}} = \frac{v"~2 - u”2}{\frac{(v - u)(u +
v)}{s}}

\]

Simplify numerator:

\[
V2 -ut2 = (v-u)(v+u)
\]

Thus:

\[
s = \frac{(v - u)(v + u)}{\frac{(v - u)(u + v)}{s}} = \frac{(v - u)(v + u) \times s}{(v - u)(u + v)}

\]

Notice numerator and denominator are identical; they cancel out:

\[
s=s
\]

This confirms the internal consistency, but it does not directly give us the value of \( s \). Therefore,
the most straightforward method is to use the average velocity method and the equation of motion:

Direct Calculation of Displacement

Given the initial and final velocities, and assuming uniform acceleration from 66 m/s to 88 m/s, the
easiest and most reliable approach is:

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

\]

But to find \( t\), we need either the acceleration or additional data like the duration of acceleration.

Assuming the acceleration occurs over a certain time \( t\), and that the acceleration is uniform, we
can focus on calculating \( a\) directly from the velocities:

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



\]

Without explicit time, the most practical approach is to assume the acceleration occurs over a known
or estimated time interval.

Practical Approach: Using Known Data and
Assumptions

If no time or distance is specified, the problem is to find the displacement assuming a certain
acceleration magnitude or over a specified time. For demonstration, let's assume an example where
the acceleration duration is 10 seconds:

-\(u = 66\, \text{m/s}\)
-\( v = 88\, \text{m/s} )
-\(t =10\, \text{s}\)

Calculate acceleration:

\[
a = \frac{v - u}{t} = \frac{88 - 66} {10} = \frac{22}{10} = 2.2\, \text{m/s} "2
\]

Calculate displacement:

\[
s=ut +\frac{1}{2} at™2 = 66 \times 10 + \frac{1}{2} \times 2.2 \times 1072

\]
\[
s =660 + 0.5 \times 2.2 \times 100 = 660 + 1.1 \times 100 = 660 + 110 = 770\, \text{m}
\]

Result:

The airplane would have traveled approximately 770 meters during this 10-second acceleration from
66 m/s to 88 m/s
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