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Minimizing Surface Area. Mendoza Soup Company Is Constructing An Open-top,
Square-based, Rectangular is a classic optimization problem that combines
principles of geometry, calculus, and practical engineering. The company aims
to design a container that holds a specific volume of soup while minimizing
the amount of material used for its walls and base. This task not only
reduces manufacturing costs but also contributes to sustainability by
decreasing resource consumption. In this article, we explore the mathematical
methods involved in minimizing surface area, the practical considerations for
construction, and the broader applications of such optimization problems in
industry.

Understanding the Problem: Constructing an
Open-top Rectangular Container

Problem Description

Mendoza Soup Company wants to build a container with the following
specifications:

- The container has a square base.

- The container is open at the top.

- It must hold a fixed volume of soup, say V cubic units.

- The goal is to minimize the surface area of the container, which includes
the area of the base and the sides.

This problem is a typical example of an optimization challenge where the
constraints (fixed volume) influence the design parameters (dimensions), and
the objective (minimize surface area) guides the optimal solution.

Why Minimize Surface Area?

Reducing surface area is crucial because:

- It directly correlates with the material cost for the container.

- It can improve thermal efficiency, as less surface area may mean less heat
loss.

- It aligns with sustainable practices by minimizing resource usage.



Mathematical Formulation of the Problem

Defining Variables

Let’s denote:
- x = length of one side of the square base (in units).
- h height of the container (in units).

Given that the base is square, the area of the base is \( x™2 \).

Expressing the Volume Constraint

The volume \( V \) of the container is:

\ [

V = x"2 h

\1]

Since the volume is fixed, this equation can be rearranged to express \( h
\):

\ [

h = \frac{V}{x"2}

\1]

Surface Area Function

The surface area \( S \) consists of:
- The area of the square base: \( x*2 \).
- The area of the four sides: \( 4 \times (x \times h) \).

Total surface area:

\ [

S = x™2 + 4xh

\1

Substituting \( h \):

\ [

S(x) = x*2 + 4x \left( \frac{V}{x"2} \right) = x*2 + \frac{4V}{x}
\1]

Finding the Minimum Surface Area

Optimization Using Calculus

To minimize \( S(x) \), we take the derivative with respect to \( x \) and
set it to zero:
\ [



\frac{dS}{dx} = 2x - \frac{4V}{x"2}
\1

Set derivative to zero:

\ [

2x - \frac{4V}{x™2} =0

\1

Multiply through by \( x*2 \) to clear denominator:
\ [

2x"3 - 4V =0

\1]

Solve for \( x \):

\ [

2x"3 = 4V \implies x*3 = 2V
\1

\ [

x = \sqrt[3]{2V}

\1

Determining the Corresponding Height \( h \)

Using the volume constraint:

\ [

h = \frac{V}{x"2} = \frac{V}{(\sqrt[3]1{2V})"2}
\1]

Since \( x = (2V)"~{1/3} \):

\ [

x~2 = (2V)~{2/3}

\1

Thus:

\ [

h = \frac{V}{(2V)"~{2/3}} = V \times (2V)"~{-2/3}
\1

Expressing \( V \) as \( V~{1} \):

\ [

h = V*{1} \times 27~{-2/3} V~{-2/3} = 2~{-2/3} V*{(1 - 2/3)} = 2~{-2/3}
V~{1/3}

\1

Summary of optimal dimensions:
- Base side length:

\ [

x = \sqrt[3]{2V}

\1]

- Height:

\ [

h =27{-2/3} Vv*{1/3}

\1]



Practical Considerations in Construction

Material Efficiency

Using the calculated dimensions ensures the least amount of material for a
given volume. This is especially important in large-scale manufacturing where
material costs are significant.

Structural Stability

While the mathematical model minimizes surface area, real-world factors such
as stability, ease of filling, and stacking must be considered:

- The height-to-base ratio should maintain stability.

- The opening at the top must allow easy filling and pouring.

Manufacturing Constraints

Designs must account for:

- Manufacturing tolerances.

- Material properties.

- Ease of assembly and sealing.

Broader Applications of Surface Area
Minimization

Industrial and Engineering Applications

Minimizing surface area is relevant in:

- Container design (e.g., tanks, packaging).

- Heat exchangers where surface area affects heat transfer efficiency.
- Material science for designing lightweight yet sturdy structures.

- Environmental engineering for reducing resource consumption.

Mathematical and Educational Significance

This problem demonstrates the power of calculus in real-world scenarios and
serves as an educational tool for:

- Teaching optimization techniques.

- Understanding geometric principles.

- Linking mathematics with engineering design.



Conclusion

Minimizing surface area in the construction of an open-top, square-based,
rectangular container involves a strategic application of calculus to find
the optimal dimensions that satisfy a fixed volume constraint. For Mendoza
Soup Company, employing these principles means creating cost-effective,
resource-efficient containers that meet practical needs. Beyond this specific
case, the concepts extend broadly across industries where resource
optimization, cost reduction, and material efficiency are paramount. Mastery
of such optimization problems equips engineers, designers, and mathematicians
with essential tools for innovative and sustainable solutions in their
fields.

Frequently Asked Questions

What is the main goal when minimizing surface area
for Mendoza Soup Company's open-top rectangular
container?

The main goal is to reduce the amount of material used for the container's
surface while maintaining a specific volume, thereby minimizing costs and
material waste.

How does the shape of the container affect the
surface area in this optimization problem?

The shape, specifically a square-based rectangular container with an open
top, influences the total surface area because the surface area depends on
the dimensions of the base and height; optimizing these dimensions reduces
the total surface area.

What is the typical approach to find the dimensions
that minimize surface area for such a container?

The typical approach involves setting up an equation for the surface area in
terms of variables, applying the volume constraint, and using calculus
techniques like differentiation to find the dimensions that produce the
minimum surface area.

Why is it important for Mendoza Soup Company to
minimize the surface area of their containers?

Minimizing surface area helps reduce material costs, decreases manufacturing
expenses, and can improve sustainability by using fewer resources.



What is the formula for the surface area of an open-
top square-based rectangular container?

The surface area (A) is given by A = base area + lateral surface area = x™2 +
4xh, where x is the length of the side of the square base and h is the height
of the container.

How does the volume constraint influence the process
of minimizing surface area?

The volume constraint, usually given as V = x"2h, restricts the possible
dimensions, so the optimization involves expressing one variable in terms of
the other using the volume equation and then minimizing the surface area
function.

What is the optimal ratio of height to base side
length for minimizing surface area in this problem?

The optimal ratio is h = x/2, which results from calculus optimization,
indicating that the height should be half the length of the base side for
minimal surface area at a given volume.

Can the same principles of surface area minimization
be applied to other container shapes?

Yes, the principles of setting up equations, applying constraints, and using
calculus to find minimum surface area are applicable to various shapes,
including cylindrical, spherical, and other polygonal containers.

Additional Resources

Minimizing Surface Area: A Comprehensive Guide for Mendoza Soup Company’s
Open-Top Square-Based Rectangular Container

In the world of manufacturing and product design, especially within food
production companies like Mendoza Soup Company, efficiency and cost-
effectiveness are paramount. One critical aspect of this is minimizing
material usage while maintaining the necessary volume of containers. When
constructing an open-top, square-based, rectangular container—such as those
used for soups—minimizing surface area becomes a vital consideration. This
not only reduces material costs but also streamlines production processes,
making operations more sustainable and economical.

In this guide, we will delve into the principles of minimizing surface area
for such containers, explore the mathematical foundations, and provide
practical steps for Mendoza Soup Company to optimize their designs
effectively.



Understanding the Problem: What Does Minimizing Surface Area Mean?

Before diving into the specifics, it’'s essential to understand what
minimizing surface area entails in this context. The surface area of a
container refers to the total area of all its outer surfaces. For an open-
top, square-based, rectangular container, the surfaces include:

- The bottom (square base)
- The four vertical sides

Since the container is open at the top, there is no need to account for the
surface area of the lid.

Objective: Given a fixed volume (the amount of soup the container must hold),

determine the dimensions that minimize the total surface area to save on
material costs.

Mathematical Foundations of Surface Area Minimization

Defining the Variables

Let’s denote:

- \( x \) as the length of one side of the square base (in meters or
centimeters)

- \( y \) as the height of the container (in meters or centimeters)
Since the base is square, both horizontal dimensions are equal.
Volume Constraint

The volume \( V \) of the container (the amount of soup it can hold) is:
\ [

V = x*2 \times y

\1]

Given a fixed volume \( V \), the relationship between \( x \) and \( y \)
is:

\

y = \frac{V}{x"2}

\1]

Surface Area Expression

The total surface area \( S \) of the open-top container includes:



- The area of the square base: \( x*2 \)
- The combined area of the four sides: \( 4xy \)

Thus, the surface area is:

Objective Function

Substituting \( y = \frac{V}{x"2} \) into the surface area expression:

\ [
S(x) = x*2 + 4x \times \frac{V}{x"2} = x~2 + \frac{4V}{x}
\1]

Our goal is to find the value of \( x \) that minimizes \( S(x) \), given \(
V\).

Step-by-Step Process to Minimize Surface Area

1. Express Surface Area in Terms of a Single Variable

As shown:

\ [

S(x) = x*2 + \frac{4V}{x}
\1

This simplifies the problem to calculus-based optimization.
2. Find the Critical Points

Differentiate \( S(x) \) with respect to \( x \):

\ [

\frac{dS}{dx} = 2x - \frac{4V}{x"2}

\1

Set the derivative equal to zero to find critical points:

\

2x - \frac{4V}{x™2} =0
\1]

Rearranged:

\ [



2x = \frac{4V}{x"2}
\1

Multiply both sides by \( x™2 \):

\ [
2x"3 = 4V
\]

Solve for \( x \):

\ [
X"3 = 2V
\1

\ [
x = \sqrt[3]{2V}
\1

3. Find the Corresponding Height \( y \)
Using the volume constraint:

\ [
y = \frac{V}{x"2}
\1

Substitute \( x = \sqrt[3]{2V} \):

\[
x*2 = (\sqrt[3]1{2V})"2 = (\sqrt[3]{2V})"{2} = (2V)~{2/3}
\1]

Therefore:

\ [
y = \frac{V}{(2V)~{2/3}} = V \times (2V)~{-2/3}
\1

Express \( V \) in the numerator:

\ [
y = V \times \frac{1}{(2V)~{2/3}}
\1

Recall that:

\ [
(2v)~{2/3} = 2~{2/3} v~{2/3}
\]



So,

\ [

y = \frac{V}{27{2/3} V~{2/3}} = \frac{V*{1}}{27{2/3} V~{2/3}} = \frac{V*{1l -
2/3}3{27{2/3}} = \frac{V~{1/3}}{27{2/3}}

\]

Expressed more simply:

\ [
y = \frac{V~{1/3}}{2~{2/3}} = V~{1/3} \times 27{-2/3}
\]

Practical Implications for Mendoza Soup Company
Key Dimensions for Material Efficiency

- Base side length \( x \): \( \sqrt[3]{2V} \)
- Height \( y \): \( V*{1/3} \times 2~{-2/3} \)

These formulas allow Mendoza Soup Company to determine the optimal dimensions
for any specified volume \( V \), thereby minimizing material usage.

Example Calculation

Suppose Mendoza Soup Company needs containers that hold 10 liters of soup.
(Note: 1 liter = 1000 cubic centimeters)

-\(V=10,000 \) cm3
Compute \( x \):

\ [
x = \sqrt[3]{2 \times 10,000} = \sqrt[3]{20,000} \approx 27.14 \, \text{cm}
\1]

Compute \( y \):

\ [
V~{1/3} = 10,000"{1/3} \approx 21.54 \, \text{cm}
\]

\ [
2~{2/3} \approx 2°{0.6667} \approx 1.59
\1

\ [
y = \frac{21.54}{1.59} \approx 13.56 \, \text{cm}

\]



Optimal dimensions:

- Base side length: approximately 27.14 cm
- Height: approximately 13.56 cm

This configuration ensures minimal surface area, thus reducing material costs
for each container of 10 liters.

Additional Considerations
1. Material Thickness and Manufacturing Constraints

While mathematics provides the optimal geometric dimensions, real-world
manufacturing introduces factors such as:

- Material thickness
- Manufacturing tolerances

- Handling and stacking considerations

These may slightly alter the ideal dimensions but the mathematical model
provides a solid baseline.

2. Structural Integrity and Usability

Designs must balance material efficiency with:

Strength and durability
Ease of handling
Compatibility with existing packaging lines

3. Scaling for Different Volumes

The formulas are scalable. For different volumes, simply plug in the desired
\( V \) value to compute optimal dimensions.

4. Cost-Benefit Analysis

While minimizing surface area reduces material costs, consider the potential
trade-offs:

- Reduced height might affect the container’s stacking stability.
- Larger bases could influence transportation efficiency.

Summary and Recommendations

- By applying calculus and optimization principles, Mendoza Soup Company can
determine the most material-efficient dimensions for open-top, square-based,



rectangular containers at any specified volume.
- The key formulas are:

\ [

x = \sqrt[3]{2V}

\1

\ [

y = \frac{V~{1/3}}{27{2/3}}
\1

- These dimensions minimize the surface area, leading to cost savings and
more sustainable production.

Final Tips

- Always validate mathematical models with prototype testing.

- Consider integrating these calculations into CAD software for quick
iteration.

- Regularly review and update optimal dimensions based on manufacturing
feedback and material costs.

By systematically applying these principles, Mendoza Soup Company can
optimize their packaging design, reduce costs, and enhance operational
efficiency—demonstrating a commitment to smart, sustainable manufacturing
practices.

Minimizing Surface Area Mendoza Soup Company Is
Constructing An Open Top Square Based Rectangular

Minimizing Surface Area Mendoza Soup Company Is Constructing An Open Top Square Based
Rectangular

Related Articles
e Mrs. Thomas Is Designing A Rectangular Pool For Her Backyard. The Width Of The Pool Is

7feet Shorter

¢ In General, What Kind Of People Earn The Most Money? (5 Points)a.People With Skills That
Are In High

e Kamels And Betzy Want To Buy An Ant Farm. The Ant Farm Coast 8.86. They Want To Each
Pay For Half Of

Back to Home


https://sip.evo9x.com/ma13/minimizing-surface-area-mendoza-soup-company-is-constructing-an-open-top-square-based-rectangular.pdf
https://sip.evo9x.com/ma13/minimizing-surface-area-mendoza-soup-company-is-constructing-an-open-top-square-based-rectangular.pdf
https://sip.evo9x.com/ma13/mrs-thomas-is-designing-a-rectangular-pool-for-her-backyard-the-width-of-the-pool-is-7feet-shorter.pdf
https://sip.evo9x.com/ma13/mrs-thomas-is-designing-a-rectangular-pool-for-her-backyard-the-width-of-the-pool-is-7feet-shorter.pdf
https://sip.evo9x.com/ma13/in-general-what-kind-of-people-earn-the-most-money-5-points-a-people-with-skills-that-are-in-high.pdf
https://sip.evo9x.com/ma13/in-general-what-kind-of-people-earn-the-most-money-5-points-a-people-with-skills-that-are-in-high.pdf
https://sip.evo9x.com/ma13/kamels-and-betzy-want-to-buy-an-ant-farm-the-ant-farm-coast-8-86-they-want-to-each-pay-for-half-of.pdf
https://sip.evo9x.com/ma13/kamels-and-betzy-want-to-buy-an-ant-farm-the-ant-farm-coast-8-86-they-want-to-each-pay-for-half-of.pdf
https://sip.evo9x.com

