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Andrei Wants To Fill A Glass Tank With Marbles, And Then Fill The Remaining Space With
Water. W Represents the fascinating challenge of understanding volume displacement, density,
and the principles behind filling a container with different materials. This scenario not only involves
basic physics and mathematics but also provides insights into real-world applications such as fluid
mechanics, packing efficiency, and material science. In this comprehensive guide, we will explore
the problem step-by-step, analyze relevant concepts, and discuss practical implications to give you a
thorough understanding of how Andrei’s task can be approached and understood.

Understanding the Basics of Volume and Displacement

What Is Volume?

- Volume refers to the amount of three-dimensional space occupied by an object or substance.
- Measured in units such as cubic centimeters (cm?), liters (L), or milliliters (mL).
- For solids like marbles, volume is often calculated based on their shape (e.g., spheres).

What Is Displacement?

- Displacement occurs when an object is submerged in a fluid, causing the fluid to move aside.
- The volume of displaced fluid equals the volume of the submerged part of the object.
- This principle is key to understanding how marbles displace water in the tank.

Relevance to Andrei’s Problem

- Filling the tank with marbles displaces a certain volume of water.

- The remaining space after placing the marbles can be filled with water, which depends on the
displaced volume.

- Accurate calculations of the volume of marbles and the tank are essential.

Analyzing the Glass Tank



Dimensions and Capacity

- The tank’s shape and size determine its total volume.
- Common shapes include rectangular, cylindrical, or more complex geometries.
- For simplicity, assume a rectangular tank with:

e Length (L)
e Width (W)

e Height (H)

- Total volume: V tank =L x W x H

Calculating the Remaining Space

- After filling with marbles, the remaining space is filled with water.
- To find the remaining volume:

- Determine the volume occupied by the marbles.

- Subtract the marble volume from the tank’s total volume.

Calculating the Volume of Marbles

Properties of Marbles

- Typically spherical.
- Sizes vary, but for calculation, assume uniform size.
- Diameter (d) of each marble is known or estimated.

Volume of a Single Marble

- The volume of a sphere: V.m = (4/3)nr?
-r=4d/2

- Example:

-Ifd=2cm,thenr=1cm

-V.m = (4/3)r(1)® = 4.19 cm?®

Number of Marbles and Total Volume

- If Andrei uses N marbles:
- Total marble volume: V total marbles = N X V.m
- The packing efficiency affects how many marbles fit in the tank.



Packing Efficiency

- Not all space is filled with marbles due to gaps.
- Packing efficiencies:

e Random packing: approximately 60-64%

e Ordered packing (e.g., cubic close packing): about 74%

- To estimate the actual volume occupied:
- V_occupied = packing efficiency x V_tank

Filling the Remaining Space with Water

Displacement and Water Volume

- When marbles are placed in the tank, they displace water.

- The displaced volume equals the volume of the marbles submerged.
- To fill the remaining space:

- Calculate the volume of the marbles.

- Fill the rest of the tank with water, which occupies:

-V water =V tank - V total marbles (adjusted for packing efficiency)

Practical Considerations

- Water cannot occupy the same space as solid objects; displacement is key.
- The actual water volume needed depends on:

- The total volume of marbles

- The packing efficiency

- The shape and size of the tank

Mathematical Model and Calculations

Step-by-Step Calculation Example

Suppose:

- Tank dimensions: L. = 50 cm, W = 20 cm, H = 30 cm
- Number of marbles: N = 100

- Diameter of each marble: d = 2 cm

- Packing efficiency: 64% (random packing)



1. Calculate tank volume:
-V tank = 50 x 20 x 30 = 30,000 cm3

2. Calculate volume of one marble:
-r=1cm
-V m = (4/3)n(1)% = 4.19 cm3

3. Total volume of marbles:
-V total marbles = 100 x 4.19 = 419 cm?

4. Adjust for packing efficiency:
- Effective occupied volume: V_effective = 0.64 x V tank = 19,200 cm?
- Since total marble volume is only 419 cm?, they occupy a small fraction of the space.

5. Remaining space for water:
-V _water =V tank - V effective = 30,000 - 19,200 = 10,800 cm?

6. Water needed to fill remaining space:
- Approximately 10,800 cm? (or 10.8 liters)

This simplified example illustrates how the calculations are performed.

Practical Applications and Real-World Implications

Material Science and Packing Strategies

- Optimizing packing efficiency for storage and transport.
- Understanding how different shapes and sizes affect space utilization.

Fluid Mechanics and Displacement

- Applications in designing tanks, submarines, and other submerged objects.
- Calculating displacement to understand buoyancy and stability.

Environmental and Engineering Concerns

- Managing water resources efficiently.
- Designing systems for sedimentation, filtration, or chemical reactions involving solids and liquids.



Common Challenges and Solutions

Ensuring Accurate Measurements

- Use precise tools for measuring marble sizes and tank dimensions.
- Consider variations in marble sizes and packing efficiency.

Accounting for Gaps and Air Spaces

- Actual packing often results in voids.
- Use packing efficiency percentages to estimate realistic volumes.

Handling Different Material Densities

- Marbles and water have different densities.
- Densities affect how objects settle and interact within the tank.

Conclusion: Connecting Theory to Practice

Andrei’s task of filling a glass tank with marbles and then filling the remaining space with water is a
practical demonstration of volume displacement, packing efficiency, and fluid mechanics. By
understanding the fundamental principles—such as calculating the volume of individual marbles,
considering packing efficiency, and recognizing how displaced water relates to the volume of
marbles—one can accurately determine how much water is needed to fill the remaining space. This
problem serves as an excellent example of how theoretical concepts translate into real-world
applications, including engineering, manufacturing, and environmental management. Whether you
are a student learning about physics, an engineer designing storage systems, or simply a curious
mind exploring the fascinating interactions between solids and liquids, mastering these concepts
provides valuable insights into the physical world around us.

Key Takeaways:

- Volume calculations are essential in understanding space utilization.

- Displacement principles help determine how solids affect liquid levels.

- Packing efficiency significantly influences the actual volume occupied by solids.

- Practical applications span various fields, emphasizing the importance of these fundamental
concepts.

If you wish to explore more about volume displacement or related topics, consider experimenting
with different shapes, sizes, and packing methods to see how they influence the overall system.



Frequently Asked Questions

What is the primary goal Andrei is trying to achieve with the
glass tank?

Andrei wants to fill the tank completely with marbles first and then fill any remaining space with
water.

How does the size and shape of marbles affect the amount of
water that can fill the remaining space?

The size and shape of the marbles determine how much space they occupy and the gaps between
them, which influences how much water can fill the remaining space.

What factors should Andrei consider when choosing marbles
to maximize water volume in the tank?

He should consider marble size, uniformity, and packing efficiency, as well as the total volume of the
tank to optimize the remaining space for water.

If the marbles are perfectly packed without gaps, how much
space remains for water?

In an ideal scenario with perfect packing (like cubic or hexagonal close packing), the remaining
space for water would be minimal, limited to the small gaps between marbles, which are minimal in
dense packings.

What mathematical principles can be used to calculate the
volume of water that can fill the remaining space?

Principles of volume calculation, packing density, and geometric formulas for sphere packing and
residual spaces can be used to estimate the remaining water volume.

How does the packing density of marbles influence the
amount of water that can fill the tank?

Higher packing density means less residual space for water, reducing the amount of water that can
fill the remaining space after marbles are placed.

Can the concept of W (volume of water) be mathematically
related to the total tank volume and the volume occupied by
marbles?

Yes, W can be calculated as the total tank volume minus the total volume occupied by marbles, i.e.,



W = Total Tank Volume - Volume of Marbles, considering packing efficiency.

Additional Resources
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In the realm of physics, engineering, and mathematical puzzles, the seemingly simple task of filling a
tank with marbles and water unveils a rich tapestry of concepts involving volume displacement,
packing efficiency, and spatial reasoning. The scenario of Andrei endeavoring to fill a glass tank with
marbles and subsequently adding water to occupy the remaining space is not just a playful thought
experiment; it encapsulates fundamental principles that are pivotal in fields ranging from materials
science to fluid dynamics. This article delves deeply into the nuances of this problem, examining the
underlying science, mathematical modeling, practical implications, and broader significance.

Understanding the Problem: The Basic Scenario

At its core, the problem involves a transparent, presumably rectangular or cylindrical glass tank
being filled first with marbles—small spherical objects—and then with water to fill all remaining
gaps. The key variables and factors include:

- Tank volume (V_tank): The total internal volume of the container.

- Marble volume (V. _marbles): The cumulative volume of all marbles placed into the tank.

- Remaining volume (V_water): The space left after marbles are placed, which will be filled with
water.

- Number of marbles (n): The total count of marbles used.

- Marble size (diameter d): The diameter of each spherical marble.

- Marble packing density (packing efficiency): The fraction of space occupied by the marbles when
packed.

Key question: How much water remains after the marbles are placed, and what factors influence this
remaining volume?

Understanding this setup involves dissecting the physics of packing spheres, the properties of the
tank, and the fluid displacement process.

Physics of Sphere Packing: From Random to Ordered
Arrangements

Sphere packing is a classical problem in geometry and physics, exploring how spheres can be



optimally arranged within a confined space. The packing density, or packing efficiency, indicates the
proportion of space occupied by the spheres relative to the total volume.

Types of Sphere Packing:
- Random Loose Packing (RLP): Typically achieves about 55-60% packing efficiency. This is a loose,
irregular arrangement often seen when marbles are poured into a container without any special

arrangement.

- Random Close Packing (RCP): Reaches approximately 63-64% packing efficiency. This occurs when
spheres are poured in a way that minimizes gaps but without deliberate ordering.

- Hexagonal Close Packing (HCP) and Face-Centered Cubic (FCC): These are the densest regular
arrangements, reaching about 74% packing efficiency. Achieving this in practice is complex,
especially with marbles, but it provides a theoretical upper bound.

Implications for Andrei's Scenario:

- If Andrei pours marbles into the tank randomly, expect a packing efficiency around 60%.
- The actual volume of marbles depends on the number and size:

\[

V {marbles} = n \times \frac{4}{3}\pi \left(\frac{d} {2 }\right)"3
\]

- The remaining volume to be filled with water is then:

\[

V {water} =V {tank} -V {marbles} \times \eta

\]

where \(\eta\) is the packing efficiency.

Volume Displacement and the Role of Water

Volume displacement is central to understanding how water fills the gaps among marbles.
How Marbles Displace Water:

- When marbles are placed in the tank filled with water, they displace an amount of water equal to
their volume, according to Archimedes' principle.

- If the tank is initially empty, and marbles are added first, the total volume occupied by marbles is
straightforwardly calculated.

- If the tank initially contains water, and marbles are added, the water level rises until the marbles
displace an equivalent volume.

Filling Remaining Space with Water:
- After placing the marbles, the remaining volume in the tank is theoretically the difference between

the tank volume and the volume occupied by the marbles.
- In practice, the marbles do not fill the entire volume perfectly; gaps and voids are inevitable,



especially in random packing.
- The water then fills these voids, effectively occupying the remaining space not filled by the marbles
themselves.

Practical Considerations:

- Filling the tank: When pouring marbles into the tank, some water may be displaced or spilled.

- Submerging marbles: If the marbles are placed in water, they displace water equal to their volume,
raising the water level.

- Final state: The tank contains marbles (displacing their volume) and water filling in the spaces
among them.

Mathematical Modeling of the Filling Process

Accurate modeling of Andrei's task requires understanding the relationships between the volumes,
packing densities, and the physical properties of the objects involved.

Step 1: Calculate total marble volume:

\[
V {marbles} = n \times \frac{4}{3}\pi \left(\frac{d} {2 }\right)"3
\]

Step 2: Determine packing efficiency (\(\eta\)):

- For random packing, \(\eta \approx 0.6\).
- For ideal densest packing, \(\eta \approx 0.74)\).

Step 3: Calculate the volume occupied by the marbles:

\[
V {occupied} = V {marbles} / \eta
\]

Note: Since \(\eta\) represents the fraction of volume actually filled, the total volume of the marbles
is:

\[
V_{marbles} = \eta \times V_{occupied}

\]

Step 4: Determine remaining volume for water:

\[
V_{water} =V {tank} -V {occupied}
\]



Step 5: Incorporate water displacement:

- If the marbles are submerged, they displace an amount of water equal to their volume.
- The actual water volume after placement becomes:

\[
V {water} =V {tank} -V {marbles}

\]

- However, because of voids, the water fills the gaps, and the total water volume is approximately:

\[
V_{water} \approx V_{tank} - V_{marbles}

\]
Real-World Factors:
- Marble size distribution: Real-world marbles are not perfectly uniform, affecting packing density.

- Friction and agitation: How the marbles are poured influences packing efficiency.
- Tank shape and size: Irregularities can influence void spaces.

Practical Applications and Broader Implications

The principles underlying Andrei’s marble and water filling experiment extend far beyond simple toy
scenarios, impacting various scientific and engineering fields.

Material Science:

- Dense packing of particles: Understanding how spheres pack informs the design of composite
materials, powders, and granular substances.

- Porosity and permeability: Void spaces between particles determine how fluids flow through porous
media, essential in hydrogeology and petroleum engineering.

Fluid Dynamics:

- Displacement and mixing: How fluids behave when displaced by solid objects, relevant in designing
reactors and separators.

- Capillarity and surface tension: Affect how water interacts with marble surfaces, especially in
micro-scale applications.

Engineering and Design:

- Container filling strategies: Optimizing packing to minimize voids in manufacturing.

- Packing algorithms: Computational methods to simulate sphere packing for logistics, packing

industries, and 3D printing.

Educational and Pedagogical Value:



- The problem serves as an excellent teaching tool for illustrating complex concepts such as volume
displacement, packing efficiency, and the physics of granular materials.

Conclusion: The Significance of Andrei’s Experiment

Andrei’s seemingly straightforward task of filling a tank with marbles and water is a microcosm of
complex scientific principles. It encapsulates the interplay of geometry, physics, and material
properties, offering insights into how objects occupy space and influence fluid behavior. By
analyzing the factors affecting packing density, displacement, and void spaces, we gain a deeper
appreciation for natural and engineered systems where granular materials and fluids coexist.

In practical terms, understanding these principles leads to improved designs in industries ranging
from pharmaceuticals to construction. Educationally, it provides a tangible demonstration of
abstract scientific concepts, fostering curiosity and comprehension.

Ultimately, the question of what "W" (the remaining space or water volume) represents in Andrei’s
scenario underscores the importance of precise quantification and modeling in solving real-world
problems. Whether in scientific research, industrial applications, or everyday experiments,
mastering these principles equips us with the tools to manipulate and optimize the physical world
around us.
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