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When considering the behavior of objects submerged in a fluid, one of the
most fundamental principles is the buoyant force— the upward force exerted by
the fluid that opposes the weight of the object. A common question in physics
and fluid mechanics is: On a submerged object of the same mass, which
experiences the greatest buoyant force? Specifically, when comparing a 1-kg
block of lead and a 1-kg block of aluminum, or considering whether the
buoyant force remains the same for different objects, understanding the
factors that influence buoyant force is essential.

This article explores the concept of buoyant force in detail, analyzing how
the material and volume of submerged objects affect the magnitude of the
buoyant force they experience. We will clarify why, for objects of equal mass
but different materials, the buoyant force depends primarily on the volume of
the object submerged, not its mass or density alone.

Understanding Buoyant Force: The Basics

Definition of Buoyant Force

The buoyant force is described by Archimedes' principle, which states:

> "Any object completely or partially submerged in a fluid experiences an
upward buoyant force equal in magnitude to the weight of the fluid displaced
by the object."

In mathematical terms:
Buoyant Force (F b) = p fluid x g x V displaced

where:

- p fluid = density of the fluid (kg/m3)

- g = acceleration due to gravity (= 9.81 m/s?)
- V _displaced = volume of fluid displaced (m3)



This formula highlights that the buoyant force depends on the volume of fluid
displaced, not directly on the object's mass or density.

Key Factors Affecting Buoyant Force

- Fluid density (p fluid): Heavier fluids exert a greater buoyant force.

- Volume of the object submerged (V _displaced): Larger volume displaces more
fluid, increasing buoyant force.

- Object's shape and extent of submersion: Determines how much fluid is
displaced.

Comparing 1l-kg Block of Lead and 1-kg Block of
Aluminum

Material Properties and Densities

Let's examine the key properties of the two materials:

- Lead:

- Density = 11340 kg/m3
- Mass = 1 kg

- Aluminum:

- Density = 2700 kg/m3
- Mass = 1 kg

Implication: For the same mass, the block of lead is much more compact
(smaller volume) than the aluminum block because lead is denser.

Calculating the Volumes

Using the relation:

Vam/e

- Volume of lead block:

V_lead = 1 kg / 11340 kg/m* = 8.82 x 10-° m?

- Volume of aluminum block:



V_aluminum = 1 kg / 2700 kg/m3 = 3.70 x 10-4 m3

Observation: The aluminum block has approximately 4.2 times the volume of the
lead block.

Which Block Experiences Greater Buoyant Force?

Applying Archimedes' Principle

Since the buoyant force depends on the volume of fluid displaced:
F b=p fluid x g x V displaced

Assuming both blocks are fully submerged in the same fluid (say, water with
p_fluid = 1000 kg/m3), and are submerged to their full volume:

- Buoyant force on lead block:

ft?_lead = 1000 kg/m3 x 9.81 m/s? x 8.82 x 10-> m® = 0.865 N

- Buoyant force on aluminum block:

ft?_aluminum = 1000 kg/m3® x 9.81 m/s? x 3.70 x 104 m3 = 3.63 N

Conclusion: The aluminum block experiences a significantly larger buoyant
force, roughly four times that on the lead block, because of its larger
volume.

Implication for the Question

- The buoyant force is not directly dependent on the mass or density of the
object but on the volume of fluid displaced.

- The larger the submerged volume, the greater the buoyant force, regardless
of the material's density.



Does Material Density Affect Buoyant Force?

While the material density influences the volume of the object for a given
mass, the buoyant force itself depends solely on the volume of fluid
displaced. This leads to several key points:

- Same mass, different densities: Results in different volumes, hence
different buoyant forces.

- Material density alone does not determine buoyant force: It determines
volume, which in turn affects the buoyant force.

Therefore:

- A 1-kg block of aluminum experiences a larger buoyant force than a 1-kg
block of lead because it displaces more fluid (larger volume).

- The material density affects the object's volume, but the actual buoyant
force depends only on the displaced fluid volume.

Additional Factors to Consider

Object's Submersion Level

- If the blocks are only partially submerged, the displaced volume (and thus
the buoyant force) corresponds to the submerged part.
- In such cases, the shape and positioning influence the buoyant force.

Object's Density Relative to Fluid

- The density of the object relative to the fluid determines whether it
floats or sinks.

- Both the lead and aluminum blocks are denser than water, meaning they sink
fully when placed in water.

Impact of Shape and Size

- The shape determines how much of the object is submerged at equilibrium,
influencing the displaced volume.

- For uniform objects, volume remains the primary factor affecting buoyant
force.



Summary and Final Insights

- The buoyant force acting on a submerged object depends on the volume of
fluid displaced, not directly on the object's mass or material density.

- A 1-kg block of aluminum displaces more fluid than a 1-kg block of lead
because aluminum's lower density results in a larger volume.

- Consequently, the buoyant force on the aluminum block is greater than that
on the lead block, assuming both are fully submerged in the same fluid.

- The statement "Buoyant Force Is Greatest On A Submerged a) 1-kg Block Of
Lead b) 1-kg Block Of Aluminum c) Is The Same" is false because the buoyant
force varies according to the displaced volume, which depends on the object's
density and shape.

In conclusion:

- When comparing objects of equal mass but different materials, the one with
the larger volume displaces more fluid and experiences a greater buoyant
force.

- The key takeaway is that volume of displacement is the critical factor in
determining buoyant force, not the mass or density of the object alone.

Optimizing Your Understanding of Buoyant Force

- Remember that the fluid's density plays a vital role.

- Recognize that objects with the same mass can have different volumes
depending on their density.

- Apply Archimedes' principle carefully when analyzing real-world scenarios
involving floating and sinking objects.

By grasping these core principles, students and enthusiasts can better
understand the fascinating phenomena of buoyancy and fluid mechanics, and
accurately predict how different objects behave when submerged in fluids.

Frequently Asked Questions

Why is the buoyant force greatest on a 1-kg block of
lead when submerged?

The buoyant force depends on the volume of fluid displaced, not the object's
weight. Since lead is dense, a 1-kg lead block has a smaller volume than the
same weight of aluminum, so it displaces less fluid and experiences a smaller
buoyant force. Therefore, the buoyant force is greater on the aluminum block.

Does a denser material like lead experience a



smaller buoyant force compared to less dense
materials?

Yes, because a denser material occupies a smaller volume for the same mass,
displacing less fluid and thus experiencing a smaller buoyant force compared
to less dense materials of the same weight.

What determines the magnitude of the buoyant force
on an object submerged in fluid?

The buoyant force is determined by the volume of fluid displaced by the
object and the density of the fluid, following Archimedes' principle.

Is the buoyant force the same for objects of
different densities but equal weights?

No, the buoyant force depends on the volume displaced, not directly on the
weight or density of the object. For objects of the same weight but different
densities, the one with larger volume displaces more fluid and experiences a
greater buoyant force.

For a 1-kg block of lead and a 1-kg block of
aluminum, which experiences a larger buoyant force
when fully submerged?

The 1-kg block of aluminum experiences a larger buoyant force because it has
a larger volume and displaces more fluid than the denser lead block.

If two objects of the same weight are submerged,
does the volume of each affect the buoyant force
they experience?

Yes, the object with the larger volume displaces more fluid and thus
experiences a greater buoyant force.

Why does a less dense material like aluminum have a
greater buoyant force on a 1l-kg block than lead?

Because the aluminum block of 1 kg has a larger volume than the lead block of
the same weight, displacing more fluid and experiencing a stronger buoyant
force.

Is the statement 'Buoyant force is greatest on a 1-



kg block of lead' true or false?

False. The buoyant force is greatest on the object with the largest volume
displaced; for the same weight, aluminum displaces more fluid and experiences
a larger buoyant force than lead.

How does the density of an object influence the
buoyant force acting on it when submerged?

Density affects the object's volume for a given weight; lower density means
larger volume and greater fluid displacement, leading to a larger buoyant
force.

In conclusion, which material's 1-kg block
experiences the greatest buoyant force when
submerged: lead or aluminum?

The 1-kg block of aluminum experiences the greatest buoyant force because its
larger volume displaces more fluid compared to the denser lead block.

Additional Resources

Buoyant Force Is Greatest On A Submergeda) 1-kg Block Of Leadb) 1-kg Block Of
Aluminumc) Is The Same

Introduction

The principle of buoyancy, also known as Archimedes' principle, remains a
cornerstone of fluid mechanics and physics education. It describes the upward
force exerted by a fluid on an object immersed in it, which depends
fundamentally on the fluid's properties and the volume of the displaced
fluid. A common question that arises in both academic contexts and practical
applications is: When comparing objects of equal mass but different
materials, such as a 1-kg block of lead versus a 1-kg block of aluminum,
which experiences the greatest buoyant force when completely submerged?

This inquiry uncovers nuances about density, volume, and the nature of
buoyant forces, emphasizing the importance of understanding the interplay
between an object's physical properties and the fluid it displaces. This
article explores the theoretical underpinnings, experimental considerations,
and practical implications of this question, ultimately revealing that the
buoyant force acting on a submerged object is determined exclusively by the
volume of fluid displaced, not by the object's mass or material.



Fundamental Principles of Buoyancy
Archimedes' Principle

At the heart of buoyant force analysis lies Archimedes' principle, formulated
in ancient Greece and still pivotal today:

> "Any object wholly or partially submerged in a fluid experiences an upward
buoyant force equal to the weight of the displaced fluid."

Mathematically, this is expressed as:

\ [

F b = \rho {fluid} \times V {displaced} \times g
\1

where:

- \( F_b \) = buoyant force

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

- \( V {displaced} \) = volume of fluid displaced
- \( g \) = acceleration due to gravity

This equation underscores a key insight: the magnitude of the buoyant force
depends solely on the volume of fluid displaced and the fluid's density, not
directly on the object's mass or material composition.

Implication for Objects of Same Mass

When considering objects of equal mass but different densities, their volumes
differ. For objects of identical mass, the less dense object occupies a
larger volume, and vice versa. Therefore, the volume of fluid displaced-and
thus the buoyant force-relates directly to the object's volume.

Dissecting the Question: What Happens When Comparing a 1-kg Block of Lead and
Aluminum?

Material Properties and Densities
To analyze the problem, let's consider the key properties of the materials:

| Material | Density (kg/m3) | Typical Volume for 1 kg |

EERREEEEEEEE e LR LR EEREEE |

| Lead | ~11,340 | \( V_{Pb} = \frac{1}{11,340} \approx 8.81 \times 107{-5}
\text{ m}*3 \) |

| Aluminum | ~2,700 | \( V_{Al} = \frac{1}{2,700} \approx 3.70 \times 10"{-4}
\text{ m}"3 \) |

As seen, for the same mass (1 kg), the aluminum block has a volume



approximately 4.2 times larger than the lead block.
Volume Displacement and Buoyant Force
Since the buoyant force depends on volume displaced:

- The 1-kg aluminum block displaces roughly 0.00037 m3 of fluid.
- The 1-kg lead block displaces about 0.000088 m3 of fluid.

Given that the displaced fluid is the same (assuming the objects are fully
submerged in the same fluid, e.g., water with \( \rho {water} \approx 1000 \)
kg/m3), the buoyant force on each is:

\ [

F b = \rho {water} \times V {displaced} \times g
\1]

Calculations:

- For aluminum:

\ [

F {b, Al} \approx 1000 \times 3.70 \times 107{-4} \times 9.81 \approx 3.63
\text{ N}

\1

- For lead:

\ [

F {b, Pb} \approx 1000 \times 8.81 \times 107{-5} \times 9.81 \approx 0.86
\text{ N}

\1]

Thus, the buoyant force on the aluminum block is approximately four times
greater than on the lead block.

Critical Analysis: Why Does The Material Matter?

Is the Buoyant Force The Same?

From the above calculations, it is clear that the buoyant force is not the
same for the lead and aluminum blocks. The fundamental reason is the
difference in their volumes when both have the same mass. The block with the
larger volume displaces more fluid, resulting in a larger buoyant force.

Answer: The buoyant force is greatest on the 1-kg block of aluminum.

Does the Density of the Object Affect Buoyancy?



While the object's density influences the volume for a given mass, it does
not directly affect the buoyant force, which depends solely on the displaced
fluid volume. The object's material determines the volume for a fixed mass
but does not alter the magnitude of the buoyant force once that volume is
known.

Experimental Validation and Practical Implications
Designing an Experiment
To empirically verify the above, an experiment could be conducted:

1. Materials Needed:

1-kg lead block

1-kg aluminum block

A large container filled with water

A sensitive force sensor or scale

A method to measure displaced water volume

2. Procedure:

Fully submerge each block separately in water.

- Measure the apparent weight reduction (loss of weight reading), which
indicates the buoyant force.

- Alternatively, measure the volume of water displaced by each block by
displacement methods.

3. Expected Results:
- The aluminum block causes a larger apparent weight loss, indicating a
larger buoyant force.

This experimental approach aligns with theoretical predictions, reinforcing
the understanding that displaced volume dictates buoyant force.

Practical Applications and Considerations

- Ship Design: Larger volume (despite same mass) enhances buoyancy, vital for
stability and floatation.

- Submarine Ballast: Altering volume impacts buoyant forces more
significantly than changing mass alone.

- Material Selection: For buoyant objects, low-density materials (like
aluminum) provide larger volumes and thus higher buoyant forces at the same
mass.

Addressing Common Misconceptions

- "Buoyant force depends on the object's weight."
Incorrect. It depends on the displaced fluid volume; the object’s weight



influences whether it floats or sinks, but not the magnitude of the buoyant
force directly.

- "Heavier objects always experience greater buoyant force."
Not necessarily. When comparing objects of equal mass, their volumes (and
thus displaced fluid volumes) vary significantly, affecting buoyant forces.

- "The material of the object changes the buoyant force."
Only indirectly, through its influence on volume at fixed mass. The fluid's
properties are the primary determinants.

Summary and Final Conclusions

- The buoyant force acting on an object submerged in a fluid depends solely
on the volume of the fluid displaced and the fluid’'s density.

- For a 1-kg block of lead and a 1-kg block of aluminum, the aluminum block
experiences a greater buoyant force because it displaces a larger volume of
water.

- The material composition influences the volume for a fixed mass but does

not directly alter the magnitude of the buoyant force.

- Understanding this distinction is crucial for fields ranging from marine

engineering to materials science, where buoyancy impacts stability, design,
and safety.

In essence, the claim that "Buoyant Force Is Greatest On A Submerged a) 1-kg
Block Of Lead b) 1-kg Block Of Aluminum c) Is The Same" is false; the buoyant
force is greater on the aluminum block due to its larger volume and greater
fluid displacement.
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Final Thoughts

The exploration of buoyant forces reveals a fundamental principle: volume
displaced, not mass or material density, governs the magnitude of the buoyant
force. Recognizing this helps clarify many phenomena in physics and
engineering, from why ships float to how submarines control buoyancy. The
comparison between a lead and aluminum block of equal mass underscores the



importance of considering physical volume in buoyant calculations, a lesson
that extends beyond simple textbook problems into real-world engineering
challenges.
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