how to calculate free fall in physics

how to calculate free fall in physics is a fundamental concept that every student learns
when exploring the principles of motion and gravity. Understanding free fall not only helps
in grasping the laws of physics but also has practical applications in fields such as
engineering, aerospace, and various scientific research areas. This article will delve into
the definition of free fall, the laws governing it, the relevant equations to use, and how to
perform calculations effectively. We'll also explore the factors that can affect free fall,
such as air resistance, and present some practical examples. By the end of this article,
you’ll be equipped with the knowledge to calculate free fall accurately and confidently.
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Understanding Free Fall

Free fall refers to the motion of an object that is being influenced only by the force of
gravity. When an object is in free fall, it accelerates downwards at a constant rate, which
on Earth is approximately 9.81 meters per second squared (m/s?). This means that for
every second an object falls, its speed increases by about 9.81 m/s. It's important to note
that free fall does not necessarily mean that the object is falling from a great height; any
object that is dropped or thrown into the air and is subject to gravitational pull is
considered to be in free fall.

In a vacuum, where air resistance is absent, all objects fall at the same rate, regardless of
their mass. This concept was famously demonstrated by Galileo, who dropped two
different weighted balls from the Leaning Tower of Pisa and found that they hit the ground
simultaneously. However, in the real world, air resistance plays a significant role in the
free fall of objects, especially those with large surface areas or low densities.

The Laws of Free Fall

The study of free fall is deeply rooted in Newton's laws of motion. The most relevant of
these laws are the second and third laws, which help explain how objects behave under



the influence of gravity.

Newton's Second Law of Motion

Newton's second law states that the acceleration of an object is directly proportional to
the net force acting upon it and inversely proportional to its mass. Mathematically, it is
expressed as:

F=ma

In the case of free fall, the only force acting on the object is its weight, which is the
product of its mass and the acceleration due to gravity (g). Thus, we can rewrite the
equation as:

F=mg

Newton's Third Law of Motion

Newton's third law states that for every action, there is an equal and opposite reaction.
When an object falls, it exerts a downward force on the Earth, while the Earth exerts an
equal force upward on the object. However, due to the vast difference in mass between
the Earth and the object, the motion of the Earth is imperceptible.

Key Equations for Calculating Free Fall

To calculate free fall, several key equations are utilized. These equations are derived from
the principles of kinematics and are applicable to uniformly accelerated motion.

Basic Equations

The two primary equations used in free fall calculations are:
ev=u+gt

e s =ut+ (1/2)gt?

Where:

v = final velocity (m/s)

¢ u = initial velocity (m/s)

e g = acceleration due to gravity (approximately 9.81 m/s?)

s = distance fallen (meters)



¢ t = time of fall (seconds)

Calculating Distance Fallen

If we want to find out how far an object has fallen after a certain time, we can use the
second equation. For instance, if an object is dropped (initial velocity u = 0), the distance
fallen after time t can be calculated as:

s = (1/2)gt?

Calculating Final Velocity

If we need to determine the final velocity of an object just before it hits the ground, we can
use the first equation. For example, if an object is dropped from rest, its final velocity after
falling for a time t can be found using:

v=gt

Factors Affecting Free Fall

While the calculations for free fall are straightforward under ideal conditions, real-world
scenarios introduce additional complexities. The most significant factor affecting free fall
is air resistance or drag.

Air Resistance

Air resistance acts in the opposite direction to the motion of the falling object. It increases
with the object's velocity and is influenced by factors such as:

» Surface Area: Larger surface areas experience more drag.

e Shape of the Object: Streamlined shapes reduce drag, while irregular shapes
increase it.

e Velocity: As the object's speed increases, so does the air resistance it encounters.
Eventually, an object in free fall reaches a terminal velocity, where the force of gravity is

balanced by the drag force, resulting in no further acceleration. This is particularly
noticeable with parachutists and skydivers.



Practical Examples of Free Fall Calculations

Understanding the principles of free fall can be better grasped through practical
examples. Let's consider two scenarios to illustrate how to apply the equations of free fall.

Example 1: A Dropped Ball

Imagine dropping a ball from a height of 20 meters. To find out how long it takes to hit the
ground, we can use the distance equation:

s = (1/2)gt?
Rearranging the formula gives:
t? = (2s)/g

Substituting s = 20 m and g = 9.81 m/s2:
t?2 = (2 20)/9.81 = 4.08
Taking the square root gives:

t = 2.02 seconds

Example 2: A Skydiver

For a skydiver who jumps from an airplane and falls for 10 seconds before opening their
parachute, we can calculate their final velocity. Using the equation:

v=gt

Substituting g = 9.81 m/s2 and t = 10 s:

v=29.38110=98.1 m/s

This velocity would be affected by air resistance once the parachute is deployed.

Conclusion

Calculating free fall in physics involves understanding the fundamental principles of
motion and the effects of gravity. By mastering the key equations and recognizing the
impact of factors like air resistance, anyone can confidently tackle problems related to
free fall. Whether you are a student, an engineer, or simply a curious mind, the ability to
calculate free fall opens doors to deeper insights into the laws of physics governing our
universe.

Q: What is free fall in simple terms?

A: Free fall is the motion of an object where the only force acting on it is gravity, causing
it to accelerate downwards at a constant rate.



Q: How do you calculate the time of free fall?

A: You can calculate the time of free fall using the equation s = (1/2)gt?, where s is the
distance fallen, g is the acceleration due to gravity, and t is the time.

Q: Does the weight of an object affect its free fall?

A: In a vacuum, all objects fall at the same rate regardless of their weight. However, in the
presence of air, lighter or larger objects may fall slower due to air resistance.

Q: What is terminal velocity?

A: Terminal velocity is the maximum speed an object reaches when the force of gravity is
balanced by the drag force of air resistance, resulting in no further acceleration.

Q: Can you experience free fall without falling?

A: Yes, free fall can occur in situations like an elevator that is falling freely or when a
person is in a plane performing a rapid descent, creating a sensation of weightlessness.

Q: What are some real-world applications of free fall
calculations?

A: Free fall calculations are crucial in fields such as aerospace engineering, design of
parachutes, and understanding the dynamics of falling objects in various scientific
experiments.

Q: Why is air resistance important in free fall
calculations?

A: Air resistance significantly affects the motion of objects falling through the atmosphere,
especially for larger or lighter objects, and must be considered for accurate predictions of
their behavior.
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