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Understanding geometric modifications and their implications can be both fascinating and practical,
especially when it comes to cutting and shaping materials like cardboard. In this article, we'll
explore a common problem involving a rectangular piece of cardboard, where two equal squares are
removed from its corners. This scenario provides an excellent opportunity to delve into area
calculations, surface modifications, and problem-solving techniques relevant to geometry,
manufacturing, and design. Whether you're a student, a hobbyist, or a professional, understanding
this problem enhances your spatial reasoning and practical skills.

---

Understanding the Problem Statement

Initial Dimensions and Modifications
The problem begins with a rectangular piece of cardboard measuring 10 inches by 15 inches. From
each of the four corners, identical squares are cut out. The key points to understand are:

- The original dimensions of the rectangle are 10 inches (height) and 15 inches (width).
- Two equal squares are removed, likely from opposite corners along the length and width, or
possibly from specific pairs of corners.
- The size of the squares being removed is not specified initially, prompting the need to determine
their dimensions.

Assumptions and Clarifications
To analyze the problem effectively, certain assumptions are made:

- The squares are cut from adjacent corners, meaning from the top-left and bottom-right corners, or
top-right and bottom-left corners.
- The squares are identical in size.
- The cuts are straight, perpendicular to the edges.
- The removal of the squares affects the overall shape and possibly the remaining surface area or the
volume if the cardboard is folded into a box.

---



Analyzing the Modified Shape

Visualizing the Cut
Imagine starting with a rectangle measuring 10 inches (height) by 15 inches (width). From each
corner, a square of side length "x" inches is cut out. The cuts result in a shape resembling a
rectangle with four corners "notched" out.

Graphically, the process involves:

Marking the dimensions of the original rectangle.1.

Drawing squares of side "x" from each corner.2.

Removing these squares to see how the shape changes.3.

Resulting Shape Description
After removing the squares, the remaining shape consists of:

- A central rectangular region, possibly with dimensions affected by the cuts.
- Four "notched" corners, each with a square removed.
- The shape resembles an open box or tray if folded, or a flat shape if not.

---

Mathematical Formulation and Calculations

Determining the Dimensions of the Modified Shape
Suppose the squares cut from the corners have side length "x" inches. The implications are:

- The new length along the width becomes (15 - 2x) inches, since squares are cut from both the left
and right sides.
- The new height becomes (10 - 2x) inches, as squares are cut from both top and bottom.

Area of the Remaining Shape
The area of the remaining shape after the cuts can be calculated as:

Remaining Area = (Original Area) - 2  (Area of one square)



Where:
- Original Area = 10 15 = 150 square inches
- Area of one square = x²

Thus,

Remaining Area = 150 - 2x²

Constraints on the Size of "x"
To ensure the cuts are feasible, the side length "x" must satisfy:

- x > 0 (positive size)
- 2x < 10 (height constraint), so x < 5 inches
- 2x < 15 (width constraint), so x < 7.5 inches

Since the height is only 10 inches, the maximum size of "x" is less than 5 inches to keep the shape
valid.

---

Applications and Practical Implications

Creating a Box From the Cardboard
One common application of such cuts is to fold the remaining material into a box. The process
involves:

- Cutting squares from the corners
- Folding up the sides along the cut lines
- Securing the folded edges to form a container

In this context, the size of the squares directly influences the volume of the box.

Calculating the Volume of the Folded Box
If the cardboard is folded upward after cutting, the volume V can be expressed as:

V = (length after cuts)  (width after cuts)  (height of the sides)

Where:
- Length after cuts = 15 - 2x inches



- Width after cuts = 10 - 2x inches
- Height of sides = x inches (the height of the folded sides)

Thus,

V = (15 - 2x)  (10 - 2x)  x

This cubic expression can be maximized to determine the optimal size of "x" for the largest possible
box.

---

Optimizing the Dimensions for Maximum Volume

Setting Up the Volume Function
The volume function:

V(x) = x  (15 - 2x)  (10 - 2x)

Expanding:

V(x) = x  (150 - 30x - 20x + 4x²) = x  (150 - 50x + 4x²)

Further expansion:

V(x) = 150x - 50x² + 4x³

Finding the Critical Points
To maximize V(x), differentiate with respect to x:

V'(x) = 150 - 100x + 12x²

Set V'(x) = 0 for critical points:

12x² - 100x + 150 = 0



Divide through by 2 for simplicity:

6x² - 50x + 75 = 0

Use quadratic formula:

x = [50 ± √(50² - 4675)] / (26)

Calculate discriminant:

Δ = 2500 - 4675 = 2500 - 1800 = 700

Then,

x = [50 ± √700] / 12

Since √700 ≈ 26.46,

x ≈ [50 ± 26.46] / 12

Two solutions:

- x ≈ (50 + 26.46) / 12 ≈ 76.46 / 12 ≈ 6.37 inches
- x ≈ (50 - 26.46) / 12 ≈ 23.54 / 12 ≈ 1.96 inches

Because x must be less than 5 inches (from earlier constraints), only x ≈ 1.96 inches is feasible for
maximizing volume.

Conclusion on Optimal Square Size
The optimal size for the squares to cut out for maximum volume is approximately 1.96 inches,
providing the largest possible box when the cardboard is folded.

---

Practical Tips and Real-World Applications



Designing Custom Containers
Understanding the geometric principles behind cutting and folding cardboard allows designers and
hobbyists to:

- Maximize storage volume
- Minimize material waste
- Create custom-sized boxes for packaging

Educational Insights
This problem serves as an excellent example in mathematics education, illustrating:

- Area and volume calculations
- Optimization techniques
- Application of quadratic equations

Manufacturing and Engineering
In manufacturing, similar principles are used to:

- Design packaging
- Create prototypes
- Develop efficient cutting patterns

---

Summary and Key Takeaways

- The initial cardboard measures 10 inches by 15 inches.
- Cutting out equal squares from corners modifies the shape and allows for creating containers or
other structures.
- The size of the squares influences the remaining surface area and potential volume of folded boxes.
- Mathematical analysis, including setting up functions and solving quadratic equations, helps
determine optimal dimensions.
- Practical applications span packaging design, manufacturing, and educational demonstrations.

---

Final Thoughts
Understanding how to analyze and optimize geometric modifications of materials like cardboard is
invaluable across various fields. Whether designing a custom box, solving a math problem, or
planning a craft project, applying these principles ensures effective and efficient results. By
mastering the calculations and reasoning outlined in this article, you can confidently approach
similar problems with clarity and precision.



---

Meta Description:
Learn how to analyze a 10-inch by 15-inch cardboard with two equal squares removed from the
corners. Discover calculations for remaining area, optimal square size for maximum volume, and
practical applications in packaging and design.

Frequently Asked Questions

What is the total area of the original piece of cardboard before
any squares are removed?
The original cardboard measures 10 inches by 15 inches, so its area is 10 × 15 = 150 square inches.

How do you determine the size of the squares to be removed
from the corners?
The problem states that two equal squares are removed, but the size depends on the specific
problem setup. Typically, if the goal is to form a box by folding up the sides, the size of the squares
is often determined by the desired height or other constraints provided in the problem.

What is the resulting shape and dimensions after removing
the two squares from the corners?
After removing the two equal squares from the corners and folding up the sides, the resulting shape
is a box with a rectangular base. The new dimensions depend on the size of the squares removed.

How can the volume of the box formed from the cardboard be
calculated?
To find the volume, subtract twice the square's side length from the length and width to get the base
dimensions, then multiply by the height (which is equal to the side length of the squares). The
formula is V = (length - 2x)(width - 2x) × x, where x is the side length of the squares removed.

What is the significance of choosing the size of the squares to
be removed in maximizing the box's volume?
Selecting the size of the squares affects the height and base dimensions of the box. Optimizing the
square size involves setting up a function for volume and finding its maximum value, often using
calculus or algebraic methods, to create the largest possible box.
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Introduction

In the realm of everyday objects, seemingly mundane items often hide intriguing mysteries or
mathematical puzzles that demand closer scrutiny. A simple piece of cardboard measuring 10 inches
by 15 inches, with two equal squares removed from its corners, exemplifies such an enigmatic
scenario. This configuration, deceptively straightforward, invites questions about geometric
properties, area calculations, and the implications of modifications on the original shape.

This article aims to conduct an in-depth investigation into this particular setup, examining the
geometric principles involved, exploring potential variations, and uncovering the underlying
mathematical relationships. Through a systematic approach, we will analyze the problem's
parameters, derive formulas, and consider practical applications or implications of such
modifications—be they in manufacturing, design, or mathematical education.

---

Background and Context

The Significance of Geometric Modifications

Removing sections from a shape—such as squares from the corners of a rectangle—is a classic
geometric problem with roots in both theoretical mathematics and practical design. Such
modifications are often used to:

- Create functional objects (e.g., cutouts for handles or joints).
- Understand area and perimeter transformations.
- Model real-world problems like material wastage or shape optimization.

Common Scenarios and Related Problems

The described scenario resembles well-known problems such as:

- The "Carpenter's Square" problem, where a square is cut from a rectangle to produce a shape with
specific properties.
- The "L-shaped" figure creation, often used in tiling or furniture design.
- The analysis of "cutouts" in manufacturing to assess material usage and efficiency.

Understanding this particular case involves analyzing how removing two equal squares from the
corners of a rectangle impacts its overall area, perimeter, and potential uses.

---

Precise Problem Statement



Given:

- A rectangular piece of cardboard measuring 10 inches by 15 inches.
- Two equal squares are removed from the corners of the rectangle.

Key questions include:

- What are the dimensions of the squares removed?
- How does the removal affect the total area?
- What is the resulting shape's perimeter?
- How does the placement of the squares influence the shape?

---

Geometric Analysis

Assumptions and Clarifications

To proceed, certain assumptions are necessary:

- The squares are removed from adjacent corners (e.g., top-left and top-right) or opposite corners
(e.g., top-left and bottom-right). The problem's wording suggests two corners, but does not specify
which; we will analyze both cases.
- The squares are aligned with the rectangle's edges.
- The size of the squares is unknown and denoted as s inches.

Case 1: Squares Removed from Adjacent Corners

Suppose the squares are removed from the top-left and top-right corners.

Step 1: Define the Square Size

Let:

- The side length of each square be s inches.
- Since the squares are cut from the corners, their placement is flush with the edges.

Step 2: Determine the Effect on Dimensions

- After removal, the top edge will have two cutouts, each of size s.
- The width of the remaining shape will be:

- Original width: 15 inches.
- The squares are removed from the corners along the width, so the remaining width after cuts is:

Remaining width: 15 inches (unchanged at the bottom, but the top edge now has indentations).

- The height of the shape will be:

- Original height: 10 inches.
- Removal occurs at the top corners, reducing the height by s along the top edges, but since the cuts



are made into the rectangle, the overall height remains 10 inches; the shape now has "notches"
instead of right-angled corners.

Step 3: Constructing the Resulting Shape

The shape resembles a rectangle with two "cutouts" at the top corners, forming an "inverted U"
shape.

Case 2: Squares Removed from Opposite Corners

Suppose the squares are removed from the top-left and bottom-right corners.

- The analysis becomes more complex, as the cutouts occur at opposite ends.

---

Area Calculations

Original Rectangle Area

- Area: 10 in. × 15 in. = 150 square inches.

Area Removed

- Each square removed has an area of s².
- Total area removed (if two squares are removed):

Total removed: 2 × s²

Remaining Area

- Remaining area: 150 - 2s²

---

Perimeter and Shape Analysis

Effect on Perimeter

Removing squares affects the perimeter by:

- Creating additional edges where the cuts are made.
- Changing the overall length of the boundary.

Calculating New Perimeter

Assuming the cuts are made at the top corners:

- Original perimeter: 2 × (10 + 15) = 50 inches.
- After removal:



- Each cut introduces two new edges of length s.
- The perimeter increases by the sum of these new edges minus the parts of the original edges that
are "missing" due to the cut.

For example, if the squares are cut out along the top edges:

- The original top edge (15 inches) is now interrupted by the cuts.
- The total perimeter becomes:

New perimeter = original perimeter + 4 × s (since each square introduces two new edges on each
side).

---

Practical Implications and Applications

Manufacturing and Material Optimization

Understanding how removing sections impacts the total area and perimeter can:

- Aid in designing material-efficient cuts.
- Help in estimating wastage during manufacturing.
- Enable precise calculations for creating custom-shaped components.

Educational Value

The problem serves as an excellent example for:

- Teaching geometric reasoning.
- Applying algebra to real-world shapes.
- Visualizing how modifications affect shape properties.

Design and Aesthetics

In design contexts, such modifications:

- Offer aesthetic variations.
- Create patterns or functional features in objects.
- Demonstrate the relationship between shape alterations and area/perimeter.

---

Variations and Further Investigations

Varying the Square Size

- How does changing s affect the remaining area and perimeter?
- Is there an optimal size of the squares to achieve a specific area or shape?

Different Corner Selections



- What happens when squares are removed from non-adjacent corners?
- How does this influence the overall shape complexity?

Multiple Cuts

- Removing more than two squares or other shapes.
- Analyzing the cumulative effects.

---

Mathematical Derivations and Formulas

General Formula for Remaining Area

Given:

- Original rectangle: width W = 15 in., height H = 10 in..
- Squares removed: side length s.
- Removal from specific corners.

Remaining area:

- A = W × H - 2 × s²

Note: This assumes the squares are cut out fully, not overlapping, and the cuts are clean.

Perimeter Calculation

For cuts at the top corners:

- Perimeter = 2(W + H) + 4s

This takes into account the original perimeter plus the additional edges created by the cuts.

---

Conclusion

The seemingly simple scenario of a piece of cardboard measuring 10 inches by 15 inches with two
equal squares removed from its corners encapsulates a rich set of geometric principles and practical
considerations. Through detailed analysis, we observe how modifications influence area and
perimeter, with formulas that can be generalized for broader applications.

This investigation underscores the importance of precise definitions and assumptions in geometric
problems. Whether for manufacturing efficiency, educational purposes, or aesthetic design,
understanding the relationships between shape modifications and their mathematical properties
proves invaluable.

In future studies or applications, exploring variations—such as different shapes, multiple cuts, or
different configurations—can further enhance understanding and inspire innovative solutions across
disciplines.



---
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Appendix: Sample Calculations

Example: If squares of side s = 2 inches are removed:

- Area removed: 2 × (2)² = 8 square inches.
- Remaining area: 150 - 8 = 142 square inches.
- Perimeter: 50 + 4 × 2 = 58 inches.

This illustrates how the size of the cutouts directly impacts the shape's properties.

---

This comprehensive investigation into the geometric and practical aspects of removing squares from
a rectangular piece of cardboard aims to serve as a resource for educators, designers, and engineers
alike.
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