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Understanding the behavior of floating objects is fundamental in fluid
mechanics and buoyancy studies. When a rectangular block with a specific
density is placed in a liquid, it displaces a volume of fluid equal in weight
to the weight of the block, leading to a certain depth of submersion. This
article explores the question: To What Depth D Will This Rectangular Block
(with Density 0.75 That Of Water) Float In The Two Liquids? We will analyze
the factors influencing this depth, including the physical properties of the
block and the liquids involved, and develop a comprehensive understanding of
the principles governing floating equilibrium.

---

Fundamental Principles of Buoyancy and
Floatation

Archimedes’ Principle
Archimedes' principle states that a body submerged in a fluid experiences an
upward buoyant force equal to the weight of the displaced fluid. This
principle forms the foundation for understanding how objects float.

- If the weight of the object is less than the weight of displaced fluid, it
will float.
- The equilibrium condition occurs when the buoyant force equals the weight
of the object.

Density and Specific Gravity
Density (\(\rho\)) plays a crucial role in buoyancy:

- The density of the object (\(\rho_{obj}\))
- The density of the fluid (\(\rho_{fluid}\))
- The ratio \(\rho_{obj} / \rho_{fluid}\) (specific gravity) determines
whether the object floats, sinks, or remains neutrally buoyant.

Given that the block's density is 0.75 times that of water, its specific



gravity is 0.75.

---

Analyzing the Block in a Single Liquid

Before extending the analysis to two liquids, it's essential to understand
the behavior of the block in a single liquid medium.

Parameters and Assumptions
- Block dimensions: length \(L\), width \(W\), height \(H\).
- Density of block: \(\rho_b = 0.75 \times \rho_{water}\).
- Density of water: \(\rho_{water} = 1000 \, \text{kg/m}^3\).
- Total weight of the block: \(W_b = \rho_b \times V_b \times g\), where
\(V_b = L \times W \times H\), and \(g\) is acceleration due to gravity.

Determining the Depth D
When the block floats, it displaces a volume \(V_{disp}\) of water such that:

\[ \text{Weight of displaced water} = \text{Weight of the block} \]

\[
\rho_{water} \times V_{disp} \times g = \rho_b \times V_b \times g
\]

Simplifying:

\[
V_{disp} = \frac{\rho_b}{\rho_{water}} \times V_b = 0.75 \times V_b
\]

Since the block is rectangular, the displaced volume corresponds to the
submerged height:

\[
V_{disp} = L \times W \times D
\]

And the total volume:

\[
V_b = L \times W \times H
\]

Thus:



\[
D = 0.75 \times H
\]

Conclusion: In a single water medium, the block will submerge to 75% of its
height.

---

Extending to Two Liquids: Conceptual Framework

When the rectangular block is placed in a combination of two immiscible
liquids, the analysis becomes more complex. The key factors include:

- The densities of the two liquids (\(\rho_1\) and \(\rho_2\))
- The arrangement of the liquids (which liquid is on top, which is below)
- The interface between the two liquids
- The position of the block relative to the interface

Possible Configurations
- Liquid 1 on top, Liquid 2 below: The block is partially submerged in both
liquids, with the interface at some depth.
- Liquid 2 on top, Liquid 1 below: Similar partial submersion, but with the
liquids reversed.
- Vertical placement: The block may straddle the interface, with parts in
each liquid.

The most common scenario involves a layered system where the liquids are
statically stratified, and the contact interface is horizontal.

---

Analyzing the Depth D in a Two-Liquid System

Key Variables and Assumptions
- \(\rho_1\): density of the upper liquid
- \(\rho_2\): density of the lower liquid
- \(h\): total height of the liquid column
- \(h_1\): height of the upper liquid
- \(h_2\): height of the lower liquid, with \(h = h_1 + h_2\)
- Interface at depth \(d\) from the top surface



Equilibrium Conditions
The floating condition requires that the total buoyant force equals the
weight of the block:

\[
\text{Buoyant force} = \text{Weight of the block}
\]

The buoyant force in a two-liquid system depends on the volumes of the block
immersed in each liquid and their respective densities:

\[
F_b = \rho_1 \times V_1 \times g + \rho_2 \times V_2 \times g
\]

Where:
- \(V_1\): volume of the block submerged in the upper liquid
- \(V_2\): volume in the lower liquid

Since the block is rectangular:

\[
V_1 = L \times W \times d_{1}
\]
\[
V_2 = L \times W \times d_{2}
\]

with \(d_1 + d_2 = D\), the total depth of submersion.

The total weight:

\[
W_b = \rho_b \times V_b \times g
\]

The equilibrium condition:

\[
\rho_1 \times V_1 + \rho_2 \times V_2 = \rho_b \times V_b
\]

Dividing through by \(V_b\):

\[
\rho_1 \times \frac{V_1}{V_b} + \rho_2 \times \frac{V_2}{V_b} = \rho_b
\]

Because:



\[
\frac{V_1}{V_b} = \frac{d_1}{H}
\]
\[
\frac{V_2}{V_b} = \frac{d_2}{H}
\]
and \(d_1 + d_2 = D\):

\[
\rho_1 \times \frac{d_1}{H} + \rho_2 \times \frac{d_2}{H} = \rho_b
\]

Multiplying both sides by \(H\):

\[
\rho_1 d_1 + \rho_2 d_2 = \rho_b H
\]

Given the densities and the total submerged depth \(D\), the problem reduces
to solving for the depth \(D\) (or \(d_1\), \(d_2\)) that satisfies this
equation.

---

Practical Calculation: Step-by-Step Approach

1. Identify the densities of the liquids:

- For example:
- \(\rho_1 = 900\, \text{kg/m}^3\) (e.g., oil)
- \(\rho_2 = 1200\, \text{kg/m}^3\) (e.g., syrup)

2. Determine the total volume and mass of the block:

- Assume dimensions \(L, W, H\).

3. Calculate the weight of the block:

\[
W_b = 0.75 \times \rho_{water} \times V_b \times g
\]

4. Set up the buoyant force equation:

\[
\rho_1 d_1 L W + \rho_2 d_2 L W = W_b
\]

Simplify:



\[
\rho_1 d_1 + \rho_2 d_2 = \frac{W_b}{L W}
\]

5. Express \(d_2\) in terms of \(D\) and \(d_1\):

\[
D = d_1 + d_2
\]

So:

\[
d_2 = D - d_1
\]

6. Solve for \(d_1\):

\[
\rho_1 d_1 + \rho_2 (D - d_1) = \frac{W_b}{L W}
\]

\[
(\rho_1 - \rho_2) d_1 + \rho_2 D = \frac{W_b}{L W}
\]

\[
d_1 = \frac{\frac{W_b}{L W} - \rho_2 D}{\rho_1 - \rho_2}
\]

7. Determine the total depth \(D\)

Frequently Asked Questions

How do we determine the depth D at which a
rectangular block floats in two liquids?
By applying the principle of buoyancy, we set the total weight of the block
equal to the sum of the buoyant forces exerted by both liquids, which allows
us to solve for the depth D.

What role does the density of the block play in its
floating depth in two liquids?
The density of the block determines its weight relative to the displaced
fluid, influencing how much of the block remains submerged and at what depth
D it floats when in equilibrium.



If the block’s density is 0.75 times that of water,
how does this affect the fraction of the block
submerged in each liquid?
Since the density is less than water, the block floats with a significant
portion submerged, and the specific depths depend on the densities of the
liquids and the block’s dimensions.

How does the difference in densities of the two
liquids influence the floating depth D?
A greater difference in liquid densities causes a shift in the equilibrium
position, affecting how much of the block is submerged in each liquid and
thus changing the depth D.

What assumptions are typically made when calculating
the floating depth D of the block in two liquids?
Assumptions often include the liquids being immiscible, the block being
rigid, the system being in equilibrium, and neglecting effects like surface
tension or fluid motion.

Can Archimedes' principle be directly applied to
find D in this scenario? If so, how?
Yes, Archimedes' principle states that the buoyant force equals the weight of
displaced fluid; setting the sum of buoyant forces in both liquids equal to
the weight of the block allows solving for D.

What are the key parameters needed to calculate the
floating depth D of the block in the two liquids?
The parameters include the densities of the liquids, the density and
dimensions of the block, and the gravitational acceleration.

How does the density ratio of the block to water
influence its floating position in the two liquids?
A density ratio less than 1 means the block floats with part submerged; the
smaller the ratio, the less submerged it is, affecting the depth D depending
on the liquids’ densities.

Is it possible for the block to float with part of
it above the surface of the liquids? Why or why not?
In ideal conditions, if the block is less dense than the combined density of



the liquids, it can float with part above the surface; otherwise, it remains
fully submerged or partially submerged depending on its density and buoyancy
balance.

Additional Resources
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Understanding the behavior of objects immersed in fluids is a cornerstone of
fluid mechanics, a branch of physics that examines how liquids and gases
interact with solids. Among these phenomena, buoyancy—the upward force
exerted by a fluid on an object immersed in it—is both intriguing and
essential for countless applications, from shipbuilding to chemical
engineering. In this article, we explore a specific question: To what depth D
will a rectangular block with a density of 0.75 times that of water float
when submerged in two different liquids? This scenario combines principles of
density, buoyant force, and equilibrium, providing a comprehensive
understanding of how objects behave at fluid interfaces.

---

Understanding the Fundamentals: Density, Buoyancy, and Archimedes’ Principle

Before diving into the problem specifics, it is important to grasp some
foundational concepts:

- Density (ρ): The mass per unit volume of a substance. Water has a density
of approximately 1000 kg/m³ at room temperature. The block's density is given
as 0.75 times that of water, which is roughly 750 kg/m³.

- Buoyant Force (F_b): An upward force exerted by a fluid on an immersed
object, equal to the weight of the displaced fluid, as per Archimedes’
principle:

F_b = ρ_fluid × g × V_displaced

where ρ_fluid is the fluid density, g is acceleration due to gravity, and
V_displaced is the volume of fluid displaced.

- Equilibrium Condition: When an object floats, the buoyant force balances
the weight of the object:

W = F_b

---

The Scenario: A Rectangular Block in Two Liquids

Imagine a rectangular block with known dimensions—say, length L, width W, and



height H—and a density of 0.75 times water's density. The block is placed at
the interface between two different liquids, each with its own density: ρ_1
and ρ_2. The goal is to determine the depth D to which the block floats,
i.e., how much of it is submerged in each liquid, given the densities and the
block's dimensions.

Key assumptions:

- The block remains horizontal and stable.
- The interface between the two liquids is flat and horizontal.
- The densities of the liquids are uniform and known.
- The gravitational acceleration g is constant.

---

Analyzing the Equilibrium: The Balance of Forces

The problem involves the equilibrium of buoyant forces exerted by each liquid
on the submerged parts of the block. To analyze this, consider the following
steps:

1. Defining the Submersion Depths

Let’s define:

- d_1: Depth of the top of the block relative to the interface.
- d_2: Depth of the bottom of the block relative to the interface.

Since the block is floating, part of it is submerged in the upper liquid
(with density ρ_1), and the remaining part in the lower liquid (with density
ρ_2). The total height H of the block is divided into two segments:

- Submerged in liquid 1: h_1
- Submerged in liquid 2: h_2

such that:

H = h_1 + h_2

The depth D at which the block floats is related to the position of the
interface and the extent of submersion.

2. Calculating the Buoyant Forces

The buoyant force exerted by each liquid is proportional to the volume of the
block submerged in it:

- Buoyant force from liquid 1:

F_b1 = ρ_1 × g × (L × W × h_1)



- Buoyant force from liquid 2:

F_b2 = ρ_2 × g × (L × W × h_2)

The total buoyant force is:

F_b_total = F_b1 + F_b2

3. Equating Buoyant Force and Weight

The weight of the block is:

W = ρ_block × g × V_block

where V_block = L × W × H, and ρ_block = 0.75 × ρ_water.

For equilibrium:

W = F_b_total

which simplifies to:

ρ_block × V_block = ρ_1 × (L × W × h_1) + ρ_2 × (L × W × h_2)

Dividing both sides by L × W:

ρ_block × H = ρ_1 × h_1 + ρ_2 × h_2

Since H = h_1 + h_2, this forms a relation between submerged depths and
densities.

---

Determining the Floating Depth D

The key question is: Given the densities, what is the depth D of the block’s
center of mass or the position of the interface relative to the block?

Step-by-step approach:

Step 1: Set the interface position

Assuming the interface is at a known height relative to the block's top,
define:

- d: Vertical distance from the top of the block to the interface.

Depending on whether the block is partially or fully submerged in each
liquid, the submerged parts can be described mathematically.

Step 2: Relate submersion depths to the interface



If the block is partially submerged in both liquids, then:

- The part of the block above the interface is in the upper liquid.
- The part below is in the lower liquid.

The submerged depths in each liquid are then:

- In the upper liquid: h_1 = (d + h_sub_in_upper)
- In the lower liquid: h_2 = (H - h_1)

The equilibrium condition becomes:

0.75 × ρ_water × H = ρ_1 × h_1 + ρ_2 × (H - h_1)

Rearranged to solve for h_1:

h_1 = (0.75 × ρ_water × H - ρ_2 × H) / (ρ_1 - ρ_2)

This equation provides the submersion depth in the upper liquid, from which
the overall floating depth D can be derived.

---

Practical Considerations and Applications

Understanding the depth D at which a block floats in a two-liquid system has
practical implications:

- Design of floatation devices: Ensuring stability and desired buoyancy
characteristics.
- Oil-water separation tanks: Predicting how objects behave at interfaces.
- Environmental modeling: Studying how pollutants or particulates distribute
across fluid layers.
- Engineering of layered systems: Such as layered reservoirs or stratified
fluids.

In real-world applications, factors like fluid viscosity, surface tension,
and temperature variations may slightly alter theoretical predictions, but
the core principles remain valid.

---

Summary and Key Takeaways

- The depth D at which a rectangular block with a density of 0.75 times that
of water floats in a two-liquid system depends primarily on the densities of
the liquids and the block's dimensions.
- Applying Archimedes’ principle and the equilibrium condition allows us to
derive the submerged depths in each liquid.
- The problem reduces to solving a simple algebraic relation once the
densities and dimensions are known.



- Such analyses are vital in fields ranging from marine engineering to
environmental science.

---

Final Thoughts

The question "To what depth D will this rectangular block float in the two
liquids?" exemplifies the elegance of classical physics in explaining complex
phenomena. By understanding the interplay between density, buoyant forces,
and geometric constraints, scientists and engineers can predict and
manipulate the behavior of objects at fluid interfaces. Whether designing
ships, crafting separation processes, or modeling environmental systems,
these principles serve as foundational tools that link theory to real-world
applications.

---

Note: Precise calculations require specific values for the block's
dimensions, the densities of the liquids, and the interface's position.
However, the framework outlined here provides a robust pathway to analyze and
determine the floating depth D in any given scenario.
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