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The concept behind this scenario? This question involves understanding the principles of buoyancy,
Archimedes’ principle, and how objects behave when submerged in a fluid. In this comprehensive
article, we will explore these concepts in detail, analyze the problem, and determine the density of the

object or other relevant parameters to deepen your understanding of floating objects.

Understanding the Fundamentals of Buoyancy

What Is Buoyancy?

Buoyancy is the upward force exerted by a fluid (liquid or gas) on an object immersed in it. This force
enables objects to float or sink depending on their density relative to the fluid. The principle was first

formulated by Archimedes and is known as Archimedes' principle.

Key Concepts:

- When an object is submerged in a fluid, it experiences an upward buoyant force equal to the weight
of the displaced fluid.

- If the buoyant force equals the weight of the object, the object floats.

- If the buoyant force is less than the weight, the object sinks.

- If the buoyant force is greater than the weight, the object rises until equilibrium is achieved.



Archimedes’ Principle

Archimedes’ principle states:
> “The buoyant force on an object submerged in a fluid is equal to the weight of the fluid displaced by

the object.”

Mathematically,

\[ F_b =\rho_{fluid} \times g \times V_{displaced} \]
where:

-\( F_b\) = buoyant force

- \( \rho_{fluid} \) = density of the fluid

-\( g\) = acceleration due to gravity

- \( V_{displaced} \) = volume of fluid displaced

Implication: The amount of fluid displaced determines the buoyant force acting on the object.

Analyzing the Problem

Given Data

- Weight of the object, \( W = 400\,N \)
- Volume of the object submerged, \( V_{submerged} \), is three-fourths of the total volume \( V_{total}
\)

The question asks: What is the density of the object?



Understanding the Floating Condition

Since the object is floating with three-fourths of its volume submerged:
- The fraction of the volume submerged is \( \frac{3}{4} \).

- The remaining one-fourth is above the water surface.

This indicates that the buoyant force equals the weight of the object at equilibrium.

Calculating the Density of the Object

Step 1: Express the Buoyant Force

Using Archimedes’ principle,

\[ F_b =\rho_{water} \times g \times V_{submerged} \]

Since the object is floating,

\[F_b =W = 400\N ]

Given:

_\(\rho_{water} \) (density of water) [ 1000 kg/m?
\(g [ 0.8 ms?

- \( V_{submerged} = \frac{3{4} V_{total} \)

Substituting into the equation:

\[ 400 = 1000 \times 9.8 \times \frac{3}{4} V_{total} \]

Simplify:
\[ 400 = 1000 \times 9.8 \times 0.75 \times V_{total} \]



\[ 400 = 7350 \times V_{total} \]

Step 2: Find Total Volume \( V_{total} \)

Rearranged:
\[ V_{total} = \frac{400}{7350} \]
\[V_{totaly [ 0.0544\, \textim}n3 \;

Step 3: Determine the Mass of the Object

The weight relates to mass:
\[ W =m \times g \]
\[ m = \frac{W}{g} = \frac{400}{9.8} [l 40.82\, \text{kg} \]

Step 4: Calculate the Density of the Object

Density (\( \rho_{object} \)) is mass over total volume:
\[ \rho_{object} = \frac{m}{V_{total}} \]
\[ \rho_{object} = \frac{40.82}{0.0544} I:l 750\, \text{kg/m}"3 \]

Result: The density of the object is approximately 750 kg/m3.

Additional Considerations



Effect of the Object’s Density on Floating Behavior

- If the object’s density is less than water (\( 1000\, \text{kg/m}*3 \)), it will float.

- The ratio of submerged volume to total volume depends on the densities of the object and the water.

General Formula for Floating Objects

The fraction of the volume submerged (\( f\)) can be expressed as:

\[ f = \frac{\rho_{object}}{\rho_{water}} \]

In this case:
\[ \frac{3}{4} = \frac{\rho_{object}}{1000} \]
\[ \rho_{object} = \frac{3}{4} \times 1000 = 750\, \text{kg/m}*3 \]

which matches our calculations.

Practical Applications and Real-World Examples

Ship Design and Buoyancy

- Ships are designed to displace enough water to support their weight.
- The principle that a ship floats because its average density is less than water is directly related to

this problem.

Density Measurement Techniques

- Archimedes’ principle is used to determine the density of irregularly shaped objects.



- Suspended objects are weighed in air and water to find their density.

Environmental and Engineering Implications

- Understanding buoyancy helps in designing submarines, underwater habitats, and floating structures.

- Environmental studies on buoyant pollutants and oil spills utilize these principles.

Summary and Key Takeaways

- A floating object displaces a volume of water equivalent to its weight.

- The fraction of the volume submerged relates directly to the ratio of the densities.

- In this scenario, the object’s density is approximately 750 kg/m?3, which is less than water, explaining
its floating behavior.

- The calculation demonstrates essential physics principles that are broadly applicable in engineering,

environmental science, and everyday life.

Conclusion

Understanding how objects float involves applying the fundamental principles of buoyancy and
Archimedes’ principle. By analyzing the volume submerged relative to the total volume, we can
determine the density of the object. In the case of a 400 N object with three-fourths of its volume
submerged, the density comes out to approximately 750 kg/m3. This illustrates how the interplay of
forces and material densities dictate whether an object floats, sinks, or remains partially submerged.
Mastery of these concepts is crucial for students, engineers, and scientists working with fluids and

buoyant objects.



If you want to explore further, consider how changing the fluid’s density affects floating objects or how

these principles apply to different shapes and materials.

Frequently Asked Questions

What is the principle behind an object floating with three-fourths of its
volume submerged?

It is based on Archimedes' principle, which states that an object floats when the buoyant force equals

its weight. The submerged volume displaces enough water to support the object's weight.

How can we determine the density of the object given its weight and
submerged volume?

Using the buoyant force equation: weight = density of water x volume submerged x gravity. Given the

weight and the fraction of volume submerged, we can calculate the object's density.

What is the density of the object if it floats with three-fourths of its
volume submerged?

The density of the object is approximately 0.75 times the density of water, since the volume
submerged is three-fourths, so density of object = (submerged volume / total volume) x density of

water = 0.75 x 1000 kg/m3® = 750 kg/m3.

Why does an object float with only part of its volume submerged?

Because its density is less than that of water, causing it to displace enough water to support its weight

while remaining partially above the surface.



What does the ratio of submerged volume to total volume tell us about
an object's density?

It indicates how dense the object is relative to water; a larger submerged volume ratio suggests the

object is denser, whereas a smaller ratio indicates it is less dense.

If an object weighs 400 N and floats with three-fourths of its volume
submerged, what is its density?

The density of the object is approximately 750 kg/m?3, since the submerged volume supports the

weight, and the ratio of submerged volume is 0.75.

How does the concept of specific gravity relate to this floating object?

Specific gravity is the ratio of the object's density to water's density. Since three-fourths of volume is

submerged, the specific gravity is about 0.75.

What factors influence how much of an object is submerged when it
floats?

The object's density relative to water, its weight, and shape influence the submerged volume; more

buoyant objects sink less or float higher.

Can an object with a weight of 400 N float with less or more than
three-fourths of its volume submerged?

Yes, if the object's density changes, the volume submerged can vary. A less dense object would float

with less than three-fourths submerged, and a denser one would sink more.

What is the significance of knowing how much of an object is



submerged in water?

It helps determine the object's density, buoyancy, and whether it will float or sink, which are important

in engineering, ship design, and understanding material properties.

Additional Resources

A 400 N Object Floats With Three-fourths Of Its Volume Beneath Surface Of The Water. What Is The

Introduction

The phenomenon of objects floating in water has fascinated scientists and laypeople alike for
centuries. From the buoyant behavior of ships to the subtle nuances of density and volume,
understanding why and how objects float is fundamental to fluid mechanics. The statement that “A 400
N object floats with three-fourths of its volume beneath the surface of the water” offers an intriguing
case study into these principles. This investigation aims to explore the underlying physics, deduce the
properties of the object, and understand what insights this scenario provides into buoyancy and density

relationships.

Fundamental Principles of Floating Bodies
Before delving into the specifics of the problem, it is essential to revisit the core principles of buoyancy:
- Archimedes’ Principle:

An object submerged in a fluid experiences an upward buoyant force equal to the weight of the

displaced fluid.



- Conditions for Floating:
An object floats when its weight is balanced by the buoyant force. If the object is partially submerged,

the volume of displaced water determines the buoyant force.

- Relation Between Weight, Buoyant Force, and Volume:

\[

\text{Weight of object} = \text{Buoyant force} = \rho_{water} \times g \times V_{displaced}

\

where \(\rho_{water}\) is the density of water, \(g\) is acceleration due to gravity, and \(V_{displaced}\)

is the volume of water displaced.

Dissecting the Given Data

The problem provides the following data:

- Weight of the object, \(W = 400\, \text{N}\)

- Fraction of volume submerged, \(\frac{3}{4}\)

- The object is floating, not sinking or fully submerged

The key question: What is the density of the object? Or more generally, what is the physical

relationship between the object’s properties and its floating position?

Step-by-Step Analysis

1. Identify the Volume Submerged



Let:

- \(W\) = total volume of the object

- \(V_{sub} = \frac{3}{4} V\) = volume submerged in water

Since the object is floating, the buoyant force must balance its weight:

\[
W = \rho_{water} \times g \times V_{sub}
\]

Given:

\[

400\, \text{N} = \rho_{water} \times g \times \frac{3}{4} V

\

2. Expressing the Total Volume

Rearranged:

\[

V = \frac{400\, \text{N}}{\rho_{water} \times g} \times \frac{4}{3}

\

Assuming standard water density \(\rho_{water} = 1000\, \text{kg/m}*3\), and \(g = 9.8\, \text{m/s}"2\):

\[
V = \frac{400}{1000 \times 9.8} \times \frac{4}{3}
\]



Calculating:

\[

V = \frac{400}{9800} \times \frac{4}{3} \approx 0.04082 \times 1.333 \approx 0.0544\, \text{m}"3

\

This is the total volume of the object.

3. Determining the Object's Density

The density \(\rho_{object}\) is:

\[

\rho_{object} = \frac{\text{mass}}{\text{volume}}

\

Since weight \(W = m \times g\):

\[

m = \frac{W}g} = \frac{400}9.8} \approx 40.82\, \text{kg}

\

Therefore:

\[
\rho_{object} = \frac{40.82\, \text{kg}}{0.0544\, \text{m}*3} \approx 750\, \text{kg/m}"3
\]

Interpretation of Results



The calculated density of the object (~750 kg/m?3) is less than that of water (~1000 kg/m?3). This

explains why the object floats with three-fourths of its volume submerged:

- Fraction of volume submerged:

\[

\frac{\rho_{object}}{\rho_{water}} = \frac{750}{1000} = 0.75
\]

- Correlation with floatation:
The fraction of volume submerged in a floating object equals the ratio of the object’s density to the

fluid’s density:
\[
\text{Fraction submerged} = \frac{\rho_{object}}{\rho_{water}}

\

This confirms the physical reasoning: an object less dense than water will float with a portion of its

volume submerged proportional to its density.

Deeper Dive: Factors Influencing Floatation

While the problem simplifies the scenario, real-world floating objects are affected by additional factors:

- Shape and Surface Area:

The shape influences stability but not the volume of displacement at equilibrium.

- Density Variability:

Variations in material density or composite objects affect floatation depth.



- Surface Tension Effects:

For very small objects, surface tension can influence floating behavior, but not significant here.

Broader Implications and Applications

Understanding the relationship between the fraction of volume submerged and density ratios is

essential in several fields:

- Ship Design:
Ensuring ships have adequate buoyancy and stability by managing their density and volume

displacement.

- Material Science:

Developing lightweight materials that float or sink depending on application.

- Environmental Science:

Analyzing how pollutants or oil spills float based on their densities.

- Engineering:

Designing floats, buoys, and submerged structures with predictable buoyant behavior.

Potential Variations and Related Problems

- How would the scenario change if the object were denser than water?
- What is the maximum weight an object of a given volume can support while remaining afloat?

- How does changing the fluid’s density (e.g., saltwater vs. freshwater) affect the floating position?



Conclusion

The analysis of a 400 N object floating with three-fourths of its volume submerged reveals fundamental
principles of buoyancy and density. The key takeaway is that the fraction of an object submerged is
directly proportional to its density relative to the fluid. With an approximate density of 750 kg/m?, the
object demonstrates the classic behavior of less dense materials floating partially submerged. This
scenario exemplifies the power of Archimedes’ principle in predicting and understanding floating

objects, with broad applications spanning engineering, environmental science, and physics.

Understanding such principles not only enriches theoretical knowledge but also guides practical design
and problem-solving in real-world contexts. The elegant simplicity of the relation between submerged

volume and density underscores the beauty of physics in explaining everyday phenomena.
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