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Understanding the behavior of objects submerged in liquids is a fundamental aspect of fluid

mechanics, a branch of physics that explores how fluids (liquids and gases) behave and interact with

solid objects. In particular, examining how identical discs rest at the bottom of a water pool offers

valuable insights into concepts such as buoyancy, pressure distribution, and equilibrium forces. This

article provides an in-depth analysis of the scenario where two identical discs rest at the bottom of a 3-

meter-deep water pool, with the surface exposed to atmospheric pressure, exploring the underlying

physics principles and their applications.

---

Scenario Overview

Imagine a swimming pool filled with water up to a depth of 3 meters. The surface of the water is

exposed to the atmosphere, which exerts its pressure on the water surface. At the bottom, two

identical discs are placed, resting on the pool’s floor. The goal is to analyze the forces acting on these

discs, understand the pressure distribution within the water column, and determine any differences in

the forces experienced by the discs, despite their identical nature.

---



Fundamental Concepts in Fluid Mechanics Relevant to the

Scenario

Before delving into the detailed analysis, it is essential to understand some core principles:

1. Hydrostatic Pressure

Hydrostatic pressure is the pressure exerted by a static fluid at a given depth, due to the weight of the

fluid above it. It is given by:

\[

P = P_0 + \rho g h

\]

Where:

- \(P_0\) = atmospheric pressure at the surface

- \(\rho\) = density of water (~1000 kg/m³)

- \(g\) = acceleration due to gravity (~9.81 m/s²)

- \(h\) = depth below the free surface

At 3 meters depth, the hydrostatic pressure is:

\[

P = P_{atm} + \rho g h

\]

This pressure acts equally in all directions at a given depth.



2. Buoyancy and Archimedes' Principle

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

displaced fluid:

\[

F_b = \rho g V

\]

Where:

- \(V\) = volume of the displaced fluid

Since the discs are at rest on the bottom, buoyant force acts upward, counteracting the weight of the

discs if they are floating, or exerting pressure if they are resting on the bottom.

3. Pressure Distribution in Fluids

In a static fluid, pressure increases linearly with depth. For objects at the bottom, the pressure

distribution is uniform across their surfaces, assuming they are flat and horizontal.

---

Analyzing the Discs at the Bottom of the Pool

Given that the two discs are identical and resting on the pool’s bottom, several questions arise:

- Do the discs experience the same pressure?

- Will the forces acting on them differ?

- How does the depth influence the forces?



To answer these, we consider the physical parameters and forces involved.

1. Pressure at the Depth of 3 Meters

Using the hydrostatic pressure formula:

\[

P = P_{atm} + \rho g h

\]

Assuming standard atmospheric pressure:

\[

P_{atm} \approx 101,325\, \text{Pa}

\]

Calculating the water pressure at 3 meters:

\[

P_{water} = 1000\, \text{kg/m}^3 \times 9.81\, \text{m/s}^2 \times 3\, \text{m} = 29,430\, \text{Pa}

\]

Total pressure exerted at the bottom:

\[

P_{bottom} = 101,325\, \text{Pa} + 29,430\, \text{Pa} \approx 130,755\, \text{Pa}

\]

This pressure acts perpendicular to the surface of each disc.



2. Force Exerted on the Discs

The force exerted by the water on each disc depends on the pressure and the area of contact:

\[

F = P \times A

\]

Where \(A\) is the area of each disc.

Since both discs are identical and at the same depth, they experience the same pressure. Therefore:

\[

F_1 = F_2 = P \times A

\]

This indicates that both discs are subjected to equal forces, assuming their areas are identical.

3. Impact of Surface Pressure and Atmospheric Conditions

Because the surface pressure is atmospheric and the water surface is exposed to open air, the

pressure at the surface remains constant and affects the entire water column uniformly. It does not

influence the relative force difference between the two discs at the bottom, unless there are other

external factors such as localized currents or pressure variations.

---

Additional Considerations and Complexities

While the above analysis suggests both discs experience identical forces, certain factors might



influence the real-world scenario:

1. Discs' Position and Orientation

If the discs are not perfectly aligned or are positioned differently within the water, localized pressure

differences or tilts could occur, affecting the forces.

2. Discs' Material and Surface Interaction

The friction between the discs and the pool’s bottom, as well as the material properties, can influence

whether they remain stationary or move.

3. Variations in Water Density

Temperature gradients or impurities could cause slight variations in water density, leading to minor

differences in pressure.

4. External Forces and Disturbances

Currents, vibrations, or external objects might exert additional forces on the discs.

---

Applications and Real-World Relevance

Understanding the principles discussed has practical applications across various fields:



Hydrostatics in Engineering: Designing submerged structures requires knowledge of pressure

distribution and force calculations.

Fluid Dynamics in Environmental Science: Analyzing sedimentation or aquatic ecosystems

involves understanding forces on objects at different depths.

Design of Marine Equipment: Submersibles, underwater robots, and sensors are designed

considering pressure effects at various depths.

Educational Demonstrations: Visualizing how pressure and force operate in fluids helps students

grasp fundamental physics concepts.

---

Conclusion

In summary, two identical discs resting at the bottom of a 3-meter-deep water pool, with the surface

exposed to atmospheric pressure, experience the same hydrostatic pressure at their respective depths,

leading to equal forces acting upon them. The pressure increases linearly with depth, and since both

are at the same depth, the forces are equivalent assuming uniform conditions. This scenario

exemplifies key principles of fluid mechanics, such as hydrostatic pressure, buoyancy, and force

distribution, which are essential in understanding the behavior of objects submerged in fluids.

These insights are fundamental not only in theoretical physics but also in practical engineering and

environmental sciences, emphasizing the importance of accurate pressure and force calculations in

designing submerged structures and understanding natural phenomena.

---
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Frequently Asked Questions

What are the primary factors affecting the buoyancy of the two

identical discs submerged in water?

The buoyancy depends on the discs' volume, density, and the depth of submersion, as well as the

water's density and the atmospheric pressure acting on the water surface.

How does atmospheric pressure influence the pressure experienced by

the discs at the bottom of the pool?

Atmospheric pressure adds to the hydrostatic pressure exerted by the water column, increasing the

total pressure at the bottom where the discs are located.

If one of the discs is removed from the pool, how does it affect the



water level and pressure distribution?

Removing a disc doesn't directly affect the water level or pressure distribution significantly, assuming

the system is in equilibrium; however, if the disc was supporting a structure, its removal might cause

changes in local pressure.

Can the weight of the discs be determined from the pressure readings

at the bottom of the pool?

Yes, by measuring the pressure at the bottom and knowing the water depth, the weight of the discs

can be inferred if they are exerting additional force or if their displacement affects the pressure

distribution.

What is the significance of the discs being identical in understanding

the physics of the system?

Identical discs ensure symmetry in their buoyant and pressure interactions, simplifying analysis by

eliminating variables related to size or density differences and focusing on fundamental principles.

How would the scenario change if the pool was in a vacuum instead of

being exposed to atmospheric pressure?

In a vacuum, atmospheric pressure would be absent, so the only pressure at the water surface would

be due to the water's hydrostatic pressure, significantly altering the overall pressure distribution at the

bottom.

Additional Resources

Two Identical Discs Sit At The Bottom Of A 3 M Pool Of Water Whose Surface Is Exposed To

Atmospheric Pressure



In the world of physics and fluid mechanics, seemingly simple scenarios often unveil profound insights

about the forces and principles governing our universe. One such intriguing setup involves two

identical discs resting at the bottom of a three-meter-deep water pool, whose surface remains open to

the atmosphere. While at first glance this might appear as a straightforward problem—perhaps a matter

of buoyancy or pressure—delving deeper reveals a rich tapestry of physical phenomena, including

hydrostatic pressure, force balances, and the subtle interplay between gravity and fluid statics. This

article explores this scenario comprehensively, unpacking the physics principles involved, examining

potential variations, and illustrating why such a setup is not just a thought experiment but a gateway to

understanding fundamental fluid mechanics concepts.

---

Understanding the Basic Setup

The Scenario

Imagine a clear, rectangular swimming pool filled to a depth of three meters. The surface of the water

is exposed to atmospheric pressure, which can be considered as the standard pressure exerted by the

Earth's atmosphere—approximately 101.3 kPa at sea level. At the bottom of this pool, two identical, flat

discs are placed, resting on the pool floor. The key parameters here are:

- Depth of water (h): 3 meters

- Surface pressure (P₀): Atmospheric pressure (~101.3 kPa)

- Discs: Identical in size, shape, and material (assumed to be rigid and non-porous)

- Location: Resting flat on the pool bottom

This seemingly simple configuration serves as a foundation for exploring concepts such as hydrostatic

pressure, buoyant force, and the interaction between objects and a fluid at equilibrium.

---



Hydrostatic Pressure: The Core Principle

What Is Hydrostatic Pressure?

Hydrostatic pressure is the pressure exerted by a fluid at equilibrium due to the force of gravity. It

increases linearly with depth and is given by the relation:

\[ P = P_0 + \rho g h \]

Where:

- \( P_0 \) is the atmospheric pressure at the water surface

- \( \rho \) is the density of water (~1000 kg/m³)

- \( g \) is the acceleration due to gravity (~9.81 m/s²)

- \( h \) is the depth below the water surface

Calculating the Pressure at the Bottom

Given the parameters:

\[ P_{bottom} = 101.3\, \text{kPa} + (1000\, \text{kg/m}^3)(9.81\, \text{m/s}^2)(3\, \text{m}) \]

\[ P_{bottom} = 101.3\, \text{kPa} + 29,430\, \text{Pa} \]

\[ P_{bottom} \approx 101.3\, \text{kPa} + 29.43\, \text{kPa} = 130.73\, \text{kPa} \]

This means the pressure exerted on the discs at the bottom of the pool is approximately 130.73 kPa, a

sum of atmospheric pressure and the hydrostatic pressure due to water depth.

Implications of Hydrostatic Pressure

- The pressure acts perpendicular to the surface of the discs.

- Because the pressure increases with depth, any object submerged at the bottom experiences a



uniform pressure distribution if the object is flat and large enough.

- Variations in pressure are fundamental to understanding buoyancy and the net forces acting on

submerged objects.

---

Forces Acting on the Discs

1. Hydrostatic Force

The primary force exerted on each disc at the bottom of the pool is the hydrostatic pressure multiplied

by the area of the disc:

\[ F = P \times A \]

Where:

- \( A \) is the area of each disc

Since pressure acts perpendicular to the surface, and assuming the discs are horizontal and flat, the

force acts vertically upward on the bottom surface of each disc.

2. Buoyant Force and Equilibrium

While the discs are resting on the pool bottom, the buoyant force—an upward force exerted by the

displaced water—acts on immersed objects. For objects resting on the bottom:

- If the discs are in contact with the bottom and not submerged beyond their thickness, they

experience pressure forces but not necessarily a net buoyant force that lifts them.

- If the discs are floating or partially submerged, buoyant force becomes critical in determining their

position.



In our case, since they sit at the bottom and are described as "discs" resting there, the primary forces

are:

- The weight of the discs (due to gravity)

- The hydrostatic pressure force acting upward

For the discs to remain at rest, these forces must be in equilibrium, considering the support from the

pool bottom and the pressure distribution.

---

The Role of Atmospheric Pressure

Why Is Atmospheric Pressure Important?

The atmospheric pressure at the surface influences the pressure throughout the water column but

does not directly cause the discs to move. Instead, it provides the baseline from which hydrostatic

pressure increases with depth.

Pressure Difference Across the Discs

- At the bottom, the pressure is higher (~130.73 kPa).

- At the surface, the pressure is atmospheric (~101.3 kPa).

This difference in pressure across the water column results in a net force on submerged objects.

---

Deep Dive: The Physics of Equilibrium and Force Balance

Force Balance on the Discs



To understand the stability and behavior of the discs, consider the forces acting vertically:

- Downward forces:

- Gravitational force (\( W = m g \))

- Upward forces:

- Hydrostatic pressure force on the top surface of the disc (if any water exerts pressure)

- Support from the pool bottom (reaction force)

In the scenario where the discs are resting flat on the bottom, the pressure exerted by water

underneath acts uniformly upward, balancing the discs’ weight. The pressure distribution ensures that:

\[ \text{Total upward force} = \text{Weight of the discs} \]

Calculating the Discs' Weight

Assuming the discs are made of a material with density \( \rho_{disc} \), thickness \( t \), and area \( A

\):

\[ W = \rho_{disc} \times V \times g = \rho_{disc} \times A \times t \times g \]

This weight must be balanced by the normal force from the pool bottom and the hydrostatic pressure

forces surrounding the discs.

---

Variations and Additional Considerations

1. Impact of Material Density and Discs' Dimensions

If the discs are significantly dense or large, their weight increases, requiring greater reaction force from



the pool bottom. Conversely, lighter or smaller discs may be supported more easily and may even be

buoyant if their density is less than water.

2. Floating vs. Resting on the Bottom

Should the discs be slightly buoyant, they might float slightly above the bottom, supported mainly by

buoyant and pressure forces. This introduces additional complexity, involving Archimedes’ principle

and stability considerations.

3. Effect of Surface Conditions

The presence of surface waves, water currents, or surface pressure variations could influence the

pressure distribution and the stability of the discs, although these effects are minimal in a calm, static

scenario.

4. Temperature and Water Density

Changes in water temperature can alter its density, subtly affecting hydrostatic pressure and force

calculations. For precise engineering applications, such factors are crucial.

---

Practical Applications and Real-World Analogies

Understanding the physics of submerged discs under hydrostatic pressure has direct applications in

various fields:

- Hydrostatic Testing: Engineers use similar principles when testing vessels or submerged structures.

- Marine Engineering: Design of ship hulls and submerged components relies on pressure and force

calculations.

- Fluid Dynamics Education: Such setups serve as practical demonstrations for students learning about



fluid statics.

- Instrumentation and Sensors: Pressure sensors submerged at known depths utilize hydrostatic

principles to measure water levels.

---

Concluding Insights

The scenario of two identical discs at the bottom of a three-meter-deep water pool, with the surface

exposed to atmospheric pressure, encapsulates foundational principles of fluid mechanics. From

calculating hydrostatic pressure and understanding force balance to contemplating the effects of

material properties and environmental factors, this setup offers a window into the delicate equilibrium

maintained by forces in a fluid environment.

Such problems are not merely academic exercises but are central to designing maritime structures,

understanding natural phenomena, and advancing technological innovations. They remind us that even

the simplest arrangements—discs resting at the bottom of a pool—are governed by the elegant and

universal laws of physics, which continue to inspire curiosity and discovery.

---
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Note: This article aims to provide a thorough understanding of the physics underlying the described

scenario, blending technical accuracy with accessible explanations to serve both students and

professionals interested in fluid mechanics principles.
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