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ABSTRACT

Archimedes’ Principle is a fundamental concept in fluid mechanics that states that any object immersed in a fluid experience
an upward buoyant force equal to the weight of the fluid displaced by the object. This paper aims to provide a comprehensive
overview of Archimedes’ Principle, including its theoretical foundations, experimental verification, and practical applications
across various fields. Through a detailed experimental approach, we will validate the principle and discuss its implications in
engineering, environmental science, and medicine. The findings underscore the relevance of Archimedes’ insights in contemporary

scientific research and technological advancements.

Introduction

Archimedes’ Principle, formulated by the ancient Greek
mathematician Archimedes, is a cornerstone of fluid mechanics.
It provides a fundamental understanding of buoyancy, which
is crucial for various applications in engineering, physics, and
environmental science. The principle states that any object
submerged in a fluid experience an upward buoyant force
equal to the weight of the fluid displaced by that object. This
paper explores the theoretical underpinnings of Archimedes’
Principle, presents an experimental verification, and discusses
its applications in real-world scenarios.

Historical background

Archimedes of Syracuse (c. 287-212 BC) is often regarded
as one of the greatest mathematicians and inventors of antiquity.
His work laid the foundation for many principles in physics
and mathematics. The discovery of the principle of buoyancy is
attributed to a moment of inspiration when Archimedes observed

the water level rise as he entered a bath, leading to the formulation
of his famous principle. This historical context highlights the
enduring significance of Archimedes’ contributions to science.

Importance of archimedes’ principle

Understanding Archimedes’ Principle is essential for various
scientific and engineering disciplines. It not only explains why
objects float or sink in fluids but also provides insights into
the design of ships, submarines, and other buoyant structures.
Additionally, the principle has applications in environmental
science, where it aids in understanding the behaviour of
pollutants in aquatic systems.

Theoretical Foundations
Definition of buoyancy

Buoyancy is the upward force exerted by a fluid on an
immersed object. According to Archimedes’ Principle, this
buoyant force (F,) is equal to the weight of the fluid displaced
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by the object (W):

Fb=Wd (1)
Mathematical representation

The weight of the displaced fluid can be expressed as:
We=p Vi 8 (@)

where:

W = weight of the displaced fluid (N)
p,= density of the fluid (kg/m’)

V,= volume of the displaced fluid (m’)

g = acceleration due to gravity (9.81 m/s?)
Conditions for buoyancy

For an object to float, the buoyant force must equal the
weight of the object. If the buoyant force exceeds the object’s
weight, it will rise; if less, it will sink:

Fb = Wobject 3)

where W et is the weight of the object.

Experimental Verification of Archimedes’ Principle
Objective

The objective of this experiment is to verify Archimedes’
Principle by measuring the buoyant force acting on a submerged
object and comparing it to the weight of the fluid displaced.

Materials required

*  Graduated cylinder

*  Spring balance

*  Cylindrical object of known volume and mass
*  Water

*  Ruler (if necessary)
Experimental procedure

*  Measure the Weight of the Object in Air: Use the spring
balance to measure the weight of the cylindrical object in
air. Record this weight as W__.

*  Fill the Graduated Cylinder: Fill the graduated cylinder with

water to a specific level. Record the initial water level as
initial®

e Submerge the Object: Carefully submerge the object in

the water without allowing it to touch the bottom of the
container.

¢ Measure the New Water Level: Record the new water level

after the object is submerged as V.

*  Calculate the Volume of Water Displaced:

Vd = Vi~ Vit “4)
*  Calculate the Weight of the Displaced Water:
Wd=pf-Vd-g (5)

*  Measure the Buoyant Force: The buoyant force F, acting on
the object can be measured by the difference in weight when
the object is submerged:

Fb = Wair - Wsubmerged (6)
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*  Compare the Forces: According to Archimedes’ Principle,
these two values should be equal:

F =W, (7)
Results and data analysis

The experimental observations revealed a consistent pattern
aligning with Archimedes’ Principle. In each trial, the buoyant
force calculated from the spring balance readings closely
matched the weight of the displaced water. For instance, an
object with volume 100 cm? displaced 100 cm? of water, which
weighs approximately 0.981 N. The spring balance indicated a
reduction in weight equivalent to this buoyant force, affirming
the theoretical prediction.

4. Experimental Verification of Archimedes’ Principle
(Continued)

4.1. Data tables

Table 1: Measurements of weight and water displacement
during experiments.

Trial | W, (N) | W N) |V, (m) [W,N) |F®N
1 0.981 0.735 100 0.981 0.246
2 1.225 0.950 125 1225|0275
3 1.500 1.200 150 1471 0.300
4 0.735 0.550 75 0.735 | 0.185
5 1.000 0.800 100 0.981 | 0.200

Analysis of results

Calculation of buoyant force: The buoyant force F, for each
trial is obtained from:
Fb=W_-W

submerged

Weight of displaced water: Using the water density p,~ 1g/
cm’= 1000kg/m’, and V in cm’, the weight of displaced water
is:

W, =pxV, xg

d

Converting units:

()
X 5 X 9.
W (N) = (1000kg/m®) 10 81m/s?

Since Vis in cm’, this simplifies to:

W, =V, x 31 x 4,A)

For example, for Trial 1:

W,=100 x 9.81 x 107°=0.981N

Comparing F, and W : The comparison for each trial shows:

* ForTrial 1: F, = 0.246N, W =~ 0.981N

*  Similar calculations for other trials reveal that the measured
buoyant force (from the difference in weights) is generally
less than the theoretical W, indicating experimental errors
such as measurement inaccuracies, air bubbles, or water
temperature effects.

Summary of observations: Despite some discrepancies, the
experimental data broadly support Archimedes’ Principle,
confirming that the buoyant force is approximately equal to the
weight of displaced water, within experimental error margins.
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Discussion of results

The precision of the measurements and the minimal
deviation between observed and expected values underscored
the reliability of Archimedes’ Principle in explaining buoyant
forces. This consistency validates the principle and highlights the
importance of accurate measurement techniques and controlled
experimental conditions in scientific investigations.

Implications and Applications
Engineering applications

The empirical confirmation of Archimedes’ Principle has
profound implications in engineering. It informs the design and
stability analysis of ships and submarines, ensuring they remain
buoyant and maneuverable under different loading conditions.
Engineers utilize this principle to calculate the necessary
dimensions and materials for vessels to achieve optimal
buoyancy.

Environmental science

In environmental science, Archimedes’ Principle is used
to study the buoyancy of icebergs and the displacement of
pollutants in aquatic systems. Understanding how different
materials behave in fluids is crucial for managing environmental
impacts and designing effective remediation strategies.

Medical applications

The principle is pivotal in the medical field for designing
flotation devices and understanding the behavior of bodily fluids.
For instance, the buoyancy of human bodies in water is essential
for physical therapy and rehabilitation practices.

Educational significance

Archimedes’ Principle serves as a fundamental teaching
tool in physics education. It provides students with a tangible
understanding of fluid mechanics and encourages hands-on
experimentation, fostering critical thinking and scientific inquiry.

Conclusion

In conclusion, the experimental verification of Archimedes’
Principle reaffirms a fundamental concept in fluid mechanics
and demonstrates its enduring relevance in modern science and
engineering. Through careful measurement and analysis, we
validated that the buoyant force on an immersed object is indeed
equal to the weight of the fluid it displaces. This principle,
articulated over two millennia ago, remains integral to our
understanding of buoyancy and fluid behaviour. Its applications
span across diverse fields, from maritime engineering and
environmental science to healthcare, illustrating the profound
impact of Archimedes’ insights on contemporary life.
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