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Understanding how objects fall under the influence of gravity is fundamental in physics and has
practical applications ranging from engineering to everyday life. When an object is dropped and only
gravity acts upon it—without any air resistance or other forces—it follows a predictable pattern
governed by the principles of classical mechanics. This pattern, specifically the distance fallen per
second, can be described mathematically as an arithmetic sequence, allowing us to analyze and
understand the motion in a straightforward and precise manner.

In this comprehensive article, we will explore the physics behind free fall, derive the formula that
relates the distance fallen to time, and demonstrate how this forms an arithmetic sequence. We will
also examine practical implications, provide detailed calculations, and discuss real-world
applications to deepen your understanding of this fundamental concept.

Fundamentals of Free Fall and Gravity

What Is Free Fall?

Free fall occurs when an object moves solely under the influence of gravity, with no other forces
such as air resistance, friction, or thrust acting upon it. This idealized condition allows physicists to
analyze the motion precisely, making it a core concept in mechanics.

Acceleration Due to Gravity

On Earth, the acceleration due to gravity (denoted as g) is approximately 9.81 meters per second
squared (m/s?). This acceleration is constant near the Earth's surface and is the key factor
determining the motion of falling objects.

Basic Kinematic Equations

The motion of an object under constant acceleration can be described using the kinematic equations:

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



where:

-\('s) is the displacement (distance fallen),
-\(u) is the initial velocity,

-\(v)\) is the final velocity,
-\(a\) is acceleration,
\(t)\) is time.

In free fall starting from rest, initial velocity \(u = 0).

Analyzing the Distance Fallen Per Second

Object Starting From Rest

Consider an object dropped from rest (initial velocity \( u = 0\)) under gravity \( g \). The distance it
falls after a time \( t\) seconds is:

\[
s = 0 \times t + \frac{1}{2} gt™2 = \frac{1}{2} gt™2
\]

This formula gives the total distance fallen after \( t \) seconds.

Distance Fallen During Each Second
While the total distance after \( t\) seconds is described by the quadratic formula above, the
distance fallen during each individual second can be examined more closely.

- Distance fallen during the first second (from \( t=0\) to \( t=1)):

\[
s 1 =\frac{1}{2} g (1)"2 =\frac{1}{2} g
\]

- Distance fallen during the second second (from \( t=1\) to \( t=2)):

\[
s 2 =\frac{1}{2} g (2)"2 -\frac{1}{2} g (1)"2 = 2g - \frac{1}{2} g = \frac{3}{2} g
\]

- Distance fallen during the third second (from \( t=2\) to \( t=3)):

\[
s 3 =\frac{1}{2} g (3)"2 - \frac{1}{2} g (2)"2 = \frac{9}{2} g - 2g = \frac{5}{2} ¢
\]



Notice the pattern: the distance fallen in each successive second increases.

Emergence of an Arithmetic Pattern

Distance Fallen in Each Second as an Arithmetic Sequence

From the calculations above, the distances fallen during each second are:

| Second | Distance Fallen (meters) |
I | |

| 1]\(\frac{1}{2} g\
| 2 | \(\frac{3}{2} g\
| 3| \(\frac{5}{2} g\
| 4 | \(\frac{7}{2} g\
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We observe that the distances form an arithmetic sequence with:

- First term \(a_1 = \frac{1}{2} g\)
- Common difference \(d = g \)

Specifically, the distance fallen during the \( n”{th} \) second can be expressed as:

\[
sn=al+@n-1)d=\frac{1}{2} g+ (n-1)g=\left(n-\frac{1}{2} \right) g
\]

Or more simply:

\[
s n = \left(n - \frac{1}{2} \right) g
\]

This formula confirms that each second, the object falls a greater distance than in the previous
second, increasing linearly over time—a hallmark of an arithmetic sequence.

Visualizing the Pattern

The distances covered in each second increase by a constant amount \( g \). For example, with \( g =
9.81\, \text{m/s} "2 \):

| Second | Distance Fallen (meters) |
| | |

| 1]4.905 |

| 2]14.715 |




| 3]24.525 |
| 4]34.335 |

The difference between successive seconds is:

\[
s {n+1}-sn=g
\]

which is constant, confirming the arithmetic nature.

Implications and Applications of the Arithmetic Pattern

Calculating Total Distance Fallen Over Multiple Seconds

Since the distances per second form an arithmetic sequence, the total distance fallen after \( n )
seconds is the sum of the first \( n \) terms:

\[
S n =\frac{n}{2} (a 1 + s n)
\]

Substituting the formulas:

\[

a 1 =\frac{1}{2} g\quad s n = \left( n - \frac{1}{2} \right) g
\]

we get:

\[

S n =\frac{n}{2} \left( \frac{1}{2} g + \left( n - \frac{1}{2} \right) g \right) = \frac{n}{2} \left(
\left( \frac{1}{2} + n - \frac{1}{2} \right) g \right) = \frac{n}{2} (n g) = \frac{1}{2} gn"2
\]

which aligns with the total distance formula:

\[
s =\frac{1}{2} gt™2
\]

where \(t = n\) seconds.

This demonstrates that summing the distances over each second is consistent with the total
displacement after \( n \) seconds.



Practical Applications

Understanding the arithmetic pattern in free fall has several real-world applications:

- Safety Engineering: Calculating impact forces and fall distances for safety equipment.
- Ballistics and Projectile Motion: Predicting how objects accelerate and fall.

- Educational Demonstrations: Visualizing acceleration and sequences.

- Robotics and Automation: Programming fall simulations for testing.

Advanced Considerations

Air Resistance and Real-World Deviations

In real-world situations, air resistance opposes gravity, causing the acceleration to decrease as
velocity increases. This complicates the simple arithmetic pattern and leads to a terminal velocity
where acceleration ceases, and the object falls at a constant speed.

While our analysis assumes ideal free fall, understanding the basic arithmetic sequence provides a
foundation before incorporating more complex factors.

Other Gravitational Fields

Objects falling on other celestial bodies (like the Moon or Mars) experience different gravitational
accelerations, affecting the arithmetic sequence pattern accordingly.

Conclusion

The distance an object falls per second under the influence of gravity forms a clear arithmetic
sequence, with each second witnessing an increase in fallen distance by a constant amount. This
pattern emerges naturally from the physics of uniformly accelerated motion and is encapsulated
mathematically in simple formulas.

By understanding this sequence, students, educators, engineers, and enthusiasts can better grasp
the dynamics of free fall, perform accurate calculations, and appreciate the elegant patterns
underlying motion under gravity. Whether analyzing a simple drop or complex projectile trajectories,
recognizing the arithmetic progression in falling distances is a fundamental step toward mastering
classical mechanics.

Keywords: free fall, gravity, acceleration, arithmetic sequence, physics, displacement, kinematic
equations, impact analysis, motion under gravity, physics education



Frequently Asked Questions

What is the formula to calculate the distance an object falls
per second under gravity?

The distance fallen in the nth second can be calculated using the formula: d = 1/2 g t”2, where g is
the acceleration due to gravity and t is the time in seconds.

How does the distance an object falls increase over each
second under gravity?

The distance fallen during each second increases arithmetically, with the distance in the nth second
being proportional to 2n - 1, resulting in an arithmetic sequence.

Why does the distance fallen per second form an arithmetic
sequence under gravity?

Because the distance fallen during each successive second increases by a constant amount (equal to
g), the distances form an arithmetic sequence with a common difference of g.

Can the total distance fallen after a certain number of seconds
be expressed as a sum of an arithmetic series?

Yes. The total distance fallen after n seconds is the sum of the distances fallen during each second,
which forms an arithmetic series and can be calculated using the formula: S = n/2 [2d1 + (n - 1)d],
where ds is the first term and d is the common difference.

What is the significance of understanding the arithmetic
nature of falling distances in physics?

Understanding that the distances form an arithmetic sequence helps in predicting the fall behavior,
calculating total distances over time, and solving related physics problems involving uniformly
accelerated motion.

How does gravity influence the pattern of an object's fall per
second?

Gravity causes the distance fallen each second to increase linearly, resulting in an arithmetic
progression, because the acceleration due to gravity adds a constant increase to the distance
covered in each successive second.

Additional Resources
The Distance An Object Falls Per Second While Only Under The Influence Of Gravity Forms An



Arithmetic

Introduction

The phenomenon of free fall under gravity has intrigued scientists, philosophers, and educators for
centuries. At its core, the question of how far an object falls per second under gravity is not merely
about physics but also about understanding the mathematical relationships that describe natural
motion. The phrase "The Distance An Object Falls Per Second While Only Under The Influence Of
Gravity Forms An Arithmetic" encapsulates a fundamental principle that links physics with
elementary mathematics, specifically arithmetic progressions.

This article aims to explore this relationship in detail, examining the physics of free fall, deriving the
mathematical formulae involved, and understanding how the distances fallen per second form an
arithmetic sequence. By the end, readers will appreciate the elegance of how a simple constant
acceleration results in a predictable, structured pattern of distances—an arithmetic
progression—that can be analyzed and understood through both physics and mathematics.

The Physics of Free Fall
Fundamental Principles

When an object is dropped near Earth's surface and is only influenced by gravity (ignoring air
resistance), it undergoes what is known as free fall. The key parameters involved are:

- Acceleration due to gravity (g): Approximately 9.8 m/s? on Earth.
- Initial velocity (u): Zero, assuming the object is dropped (not thrown).
- Time (t): The duration for which the object has been falling.

Kinematic Equations

The motion of the falling object can be described by the basic equations of uniformly accelerated
motion:

1. Velocity after time t:

\[

v=u+gt

\]

2. Distance fallen after time t:
\[

s =ut + \frac{1}{2} gt™2

\]

Since the initial velocity \(u = 0), the equation simplifies to:

\[
s(t) = \frac{1}{2} gt™2
\]



This equation tells us the total distance fallen from rest after time \( t\).

Distance Fallen Per Second: The Core Concept
Defining "Distance Fallen Per Second"

While the total distance after \( t\) seconds is given by the quadratic equation above, a common
inquiry is: How far does the object fall during each individual second?

For example, how much distance is covered between:

-0 and 1 second,

- 1 and 2 seconds,

- 2 and 3 seconds,

- and so on?

This approach involves calculating the incremental distances during each second interval.
Calculating Distance Fallen in Each Second

Let’s define:

-\('s(n) \): Total distance fallen after \( n\) seconds.
-\( d(n) \): Distance fallen during the \( n”~{th} \) second (from \(t =n-1\) to\(t =n\)).

Using the simplified formula:

\[
s(n) = \frac{1}{2} gn~"2
\]

The distance fallen during the \( n”~{th} \) second is:

d(n) = s(n) - s(n-1) = \frac{1}{2} gn~2 -\frac{1}{2} g (n-1)"2

Expanding and simplifying:

\[
d(n) = \frac{1}{2} g\left(n"2 - (n-1)"2 \right )
\]

\[
d(n) = \frac{1}{2} g\left(n"~2 - (n"2 - 2n + 1) \right )
\]

\[
d(n) = \frac{1}{2} g (2n-1)



\]

Thus,

\[
d(n) = \frac{1}{2} g(2n-1)
\]

Or, more simply,

\[
d(n) = g \left( n - \frac{1}{2} \right)
\]

This formula reveals that the distance fallen during each second forms an arithmetic sequence with:

- First term: \( d(1) = \frac{1}{2} g (2 \times 1 - 1) = \frac{1}{2} g (1) = \frac{1}{2} g \)
- Common difference: \( g \)

The Arithmetic Sequence of Distances Fallen
Formalizing the Sequence
From the previous derivation:

\[
d(n) = g \left( n - \frac{1}{2} \right)
\]

This sequence can be rewritten in standard arithmetic sequence form:

\[
din)=al+(n-1)d
\]

where:

-\(a_ 1 =\frac{1}{2} g ) (the distance fallen during the first second),
-\(d = g) (the common difference between successive seconds).

In concrete terms:

\[
d(n) = \frac{1}{2} g+ (n-1)g
\]

or

\[



d(n) = \left( \frac{1}{2} g \right) + g(n- 1)
\]

This is a classic arithmetic sequence, illustrating how each second's fallen distance increases by a
constant amount \( g \).

Practical Example with Earth's Gravity
Using \( g = 9.8\ \text{m/s} "2 \):
- Distance fallen during the first second:

\[
d(1) = \frac{1}{2} \times 9.8 = 4.9\ \text{m}
\]

- Distance during the second second:

\[
d(2) = 4.9 + 9.8 = 14.7\\text{m}

\]

- Third second:

\[
d(3) = 14.7 + 9.8 = 24.5\ \text{m}

\]

- Fourth second:

\[

d(4) = 24.5 + 9.8 = 34.3\,\text{m}
\]

and so on.

This pattern demonstrates a straightforward arithmetic progression where each second's fallen
distance increases by 9.8 meters, reflecting the constant acceleration.

Summation and Total Distance

Sum of the Falling Distances Over Multiple Seconds
The total distance fallen after \( n \) seconds is:

\[

s(n) = \frac{1}{2} gn~"2
\]



The sum of the distances fallen during each individual second (from 1 to \( n)) is:

\[
\sum {k=1}"nd(k) = s(n)
\]

which aligns with the sum of the arithmetic sequence:

\[
\sum {k=1}"nd(k) = \frac{n}{2} [2a 1 + (n-1)d]
\]

Plugging in the known values:

\[

a 1 =\frac{1}{2} g,\quadd =g
\]

we get:

\[

\sum {k=1}"nd(k) = \frac{n}{2} [2 \times \frac{1}{2} g + (n-1) g] = \frac{n}{2} [g + (n-1) g] =
\frac{n}{2} gn = \frac{1}{2} gn~"2
\]

which matches the total distance formula previously derived.

Broader Implications and Educational Significance
Connecting Physics and Arithmetic

The realization that the distance fallen during each second forms an arithmetic sequence underlines
the inherent structure in uniformly accelerated motion. This insight allows students and researchers
to understand that:

- The incremental distances increase linearly with each passing second.
- The total distance grows quadratically, emphasizing the acceleration's effect.

This connection bolsters conceptual understanding and provides a straightforward method for
calculating fall distances at any given second without complex calculus, especially useful in
educational settings.

Applications and Limitations
While the above derivation assumes ideal conditions—no air resistance and constant gravity—it

serves as a fundamental model. Real-world scenarios involve drag, variable gravity, and other forces,
but the core arithmetic progression remains a key educational tool.



Conclusion

The Distance An Object Falls Per Second While Only Under The Influence Of Gravity Forms An
Arithmetic sequence, a foundational concept bridging physics and mathematics. Through derivation
and analysis, we've demonstrated that:

- The distance fallen during each second increases linearly.

- The sequence of distances per second has a common difference equal to the acceleration due to
gravity (\( g \)).

- The total distance fallen after \( n \) seconds aligns with a quadratic formula, reinforcing the
quadratic growth pattern of free fall.

Understanding this relationship not only clarifies fundamental physics principles but also exemplifies
the elegance of mathematical structures underlying natural phenomena. Recognizing that each
second's fallen distance forms an arithmetic progression enriches both educational approaches and
scientific insights into motion under constant acceleration.
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