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Understanding geometric figures and their properties is fundamental to both academic learning and
practical applications in fields such as architecture, engineering, and design. The figure
described—formed by attaching two semicircles at opposite ends of a square—presents an interesting
combination of simple geometric shapes that together create a complex and visually appealing
structure. This article provides an in-depth exploration of this figure, including its construction,
properties, area, perimeter, and potential applications. Whether you're a student studying geometry or
a professional seeking to utilize this shape in design, this comprehensive guide aims to enhance your

understanding.

1. Introduction to the Geometric Figure

1.1 Description of the Shape

The figure in question is constructed by taking a square with known side length and attaching two
semicircles at its opposite ends. Specifically, the semicircles are joined along the sides of the square,
creating a composite figure often referred to as a "square with semicircular ends" or a "capsule-

shaped" figure.



1.2 Importance of Understanding the Shape

Understanding such combined shapes helps in analyzing complex structures, calculating areas and
perimeters, and applying these concepts in real-world scenarios like designing arches, bridges, or

decorative elements. It also provides foundational knowledge for more advanced topics in geometry.

2. Construction of the Figure

2.1 Starting with the Square
The initial shape is a perfect square, which we'll denote as having side length s. The properties of the

square are:

e Equal sides: each of length s
¢ Four right angles: each measuring 90°

¢ Diagonals: length can be calculated using the Pythagorean theorem

2.2 Attaching the Semicircles

The construction involves:

1. Choosing two opposite sides of the square (say, the top and bottom sides).



2. At each of these sides, drawing a semicircle with the diameter equal to the side length s.

3. Ensuring the semicircles are joined precisely at the ends of the square, forming a continuous

curved boundary.

The semicircles are attached such that their diameters coincide with the sides of the square, creating a

smooth, capsule-like shape.

2.3 Visual Representation

Imagine a square placed horizontally. On the top side, a semicircle extends outward, with its diameter
along the side. Similarly, on the bottom side, another semicircle extends outward. The resulting figure

resembles a rectangle with rounded ends.

3. Geometric Properties of the Figure

3.1 Dimensions

The key dimensions are:

¢ Side length of the square: s

e Radius of each semicircle: r =s/2



3.2 Symmetry

The figure exhibits:

¢ Horizontal symmetry: mirror image across the horizontal axis through the center of the square.

¢ Rotational symmetry: 180° rotation results in the same figure.

3.3 Area

The total area of the figure combines the square's area and the areas of the two semicircles:

1. Area of the square: A, = s®

2. Area of one semicircle: A, = (1/2)|:|r2

3. Area of two semicircles: Dr2

Thus,

Total Area = s2 + Dr2 =s2 + D (s/2)2 =s2 + [l (s2/74) =s2 (1 + [l/4)

3.4 Perimeter

The perimeter combines:



1. The lengths of the two semicircular arcs: 2 x (half the circumference of a full circle)

2. The straight sides of the square: 2s

Calculating:

- Circumference of a full circle with radius r: 2|:|r
- Length of each semicircular arc: [lr

- Total arc length: 2 x [lr = 2|:|r

Adding the straight sides:

Perimeter = 2s + 2|:|r =2s + 2|:| (s/2) = 2s + Ds =s(2 + [l)

4. Applications and Practical Uses

4.1 Architectural Design

The capsule-shaped figure can be used in:

¢ Designing arches or domes with smooth curves
¢ Creating decorative elements like window frames or railings

¢ Structural components that require both strength and aesthetic appeal



4.2 Engineering and Manufacturing

In engineering, such shapes are useful for:

» Designing pipes and tunnels with rounded ends for optimal flow

¢ Developing components that need aerodynamic or hydrodynamic properties

¢ Creating molds and tools with specific curved profiles

4.3 Art and Design

Artists and designers utilize this shape for:

¢ Creating harmonious and balanced visual elements

e Developing logos or symbols with a smooth, flowing appearance

¢ Innovative furniture or product design emphasizing form and function



5. Mathematical Variations and Extensions

5.1 Changing Dimensions

Altering the side length s affects the entire figure:

e Larger s increases the overall area and perimeter proportionally

e Adjusting the radius of the semicircles changes the curvature and overall visual impact

5.2 Adding Additional Shapes

Further complexity can be introduced by:

¢ Attaching additional semicircles or other polygons

e Combining multiple such figures to form complex patterns

¢ Creating three-dimensional models based on the 2D shape

5.3 Calculating Other Properties

Beyond area and perimeter, one can analyze:



¢ Moment of inertia for structural analysis
» Centroid and center of mass for physics applications

e Surface area if the shape is extended into three dimensions (e.g., forming a capsule-shaped

solid)

6. Summary and Key Takeaways

The figure formed by joining two semicircles to opposite ends of a square with sides of length s
embodies a harmonious blend of simple geometric shapes resulting in a versatile and aesthetically
pleasing form. Its properties—area, perimeter, symmetry—are straightforward to calculate and
understand, making it an excellent example for educational purposes. The shape's practical
applications span architecture, engineering, art, and design, demonstrating the importance of

geometric understanding in diverse fields.

Key points include:

- The radius of each semicircle is r = s/2.
- The total area: A = s2 (1 + L/4),

- The perimeter: P = s(2 + I:l).

- The figure's symmetry and smooth curves make it ideal for aesthetic and structural uses.

By mastering the properties and construction of this shape, you gain insights into more complex

geometric figures and their real-world applications.



/. Final Thoughts

Geometry provides us with tools to analyze and create shapes that are both functional and beautiful.
The figure discussed offers a perfect example of how combining simple shapes—squares and
semicircles—can lead to complex, useful, and visually appealing forms. Whether used as a
fundamental concept in education or as a design element in practical applications, understanding these

shapes enhances both mathematical literacy and creative potential.

For further learning, explore related topics such as:

- Properties of circles and semicircles
- Composite geometric figures
- Calculations of areas and perimeters for irregular shapes

- Applications of geometry in architecture and engineering

Continuing to study these concepts will deepen your appreciation of the elegance and ultility of

geometry in everyday life.

Frequently Asked Questions

What is the total length of the figure formed by joining two semicircles
to opposite ends of a square with side length s?

The total length is the perimeter of the square plus the combined lengths of the two semicircles. Since
the semicircles are joined to opposite ends, their diameters equal the side length s. The perimeter of
the square is 4s, and each semicircle has a circumference of Ds. Therefore, total length = 4s + 2 (V%

[ls)=4s+ Ds=s(4+ D).



How do you find the area enclosed by the combined figure of the
square and the two semicircles?

The area of the square is s The area of each semicircle is (1/z)|:|(r)2, with r = s/2, so each semicircle's
area is (1/2)|:|(S/2)2 = (1/2)['(32/4) = (Dsz)/S. Since there are two semicircles, their combined area is

(DSZ)/4. The total enclosed area is thus s + (Dsz)/4.

If the side of the square measures 10 units, what is the length of the
entire figure?

Using the formula length = s(4 + D), substitute s=10: length = 10(4 + D) D 10(4 + 3.1416) [l
10(7.1416) D 71.416 units.

What is the significance of the semicircles being joined to opposite
ends of the square in the figure’s shape?

Joining semicircles to opposite ends of the square creates a symmetrical, rounded extension on both
sides, resulting in a shape that combines straight edges with curved boundaries, which can be relevant

in design and geometric analysis for understanding composite shapes.

Can the figure be considered a composite shape, and how does that
affect calculating its properties?

Yes, the figure is a composite shape made from a square and two semicircles. To analyze its
properties, you treat each component separately—calculating areas, perimeters, etc.—and then combine

the results, ensuring to account for shared boundaries to avoid double-counting.

Additional Resources

The Figure Below Was Formed By Joining Two Semicircles To Opposite Ends Of A Square With Sides



That Measure

Introduction

In the realm of geometry and mathematical visualization, figures that combine simple shapes to form
more complex structures often reveal profound insights into spatial relationships, symmetry, and
measurement principles. One such intriguing figure results from the union of two semicircles positioned
at opposite ends of a square. This geometric construction not only appeals aesthetically but also

serves as a fertile ground for exploring properties related to circles, squares, and their interrelations.

This article provides a comprehensive examination of this figure, analyzing its construction, properties,

and potential applications. We will dissect the geometric components, delve into the mathematical

relationships, and explore how such figures can be utilized in both theoretical and practical contexts.

Understanding the Basic Elements

The Square and Its Dimensions

At the core of this figure lies a square—an equilateral quadrilateral with four right angles. The problem

specifies that the square has sides measuring a certain length, which we will denote as s. The value of

s can be any positive real number but is often chosen for simplicity, such as 1, 2, or 4 units, to

facilitate calculations.

Key properties of the square:

- Side length: s

- Perimeter: 4s



- Area: s?

- Vertices: Four points, often labeled as A, B, C, D for reference.

Semicircles and Their Placement

A semicircle is a half-circle, formed by cutting a full circle along a diameter. In our figure, two

semicircles are joined to opposite ends of the square, meaning:

- Each semicircle is attached along the length of one side of the square.

- The semicircles are oriented outward or inward, depending on the configuration.

- The diameter of each semicircle equals the side length of the square, i.e., s.

Given that, the radius (r) of each semicircle is:

\[ r = \frac{s}{2} \]

This radius is critical for calculating arc lengths, areas, and other properties.

Constructing the Figure: Step-by-Step Analysis

Step 1: Arranging the Square

Imagine a square placed on a coordinate plane with vertices at:

- A (0, 0)

-B (s, 0)

-C (s, 9)
-D (0, s)



This setup simplifies the analysis and makes it easier to understand the placement of the semicircles.

Step 2: Attaching the Semicircles

- Semicircle at point A (left end): Affixed along side AD, which extends from (0, 0) to (0, s). The

semicircle’s diameter coincides with this segment.

- Semicircle at point C (right end): Attached along side BC, from (s, 0) to (s, s).

Depending on the orientation:

- The semicircles can bulge outward (away from the square) or inward (toward the interior). For the

purpose of this analysis, assume they bulge outward, creating a convex shape.

Step 3: Connecting the Semicircles

The union of the two semicircles, attached at opposite ends of the square, creates a shape resembling

a lens or an eye-like figure. The key features include:

- The arcs of the semicircles.

- The potential intersection points if the semicircles are large enough or oriented in specific ways.

- The overall shape formed by their union.

Geometric Properties of the Resulting Figure

Arc Lengths

The length of each semicircular arc is half the circumference of a full circle with radius r:

\[ L = \pi r = \pi \times \frac{s}{2} = \frac{\pi s}{2} \]



Since there are two such semicircles, the total arc length contributing to the boundary is:

\[ L_{total} = 2 \times \frac{\pi s}{2} = \pi s \]

This boundary length is significant in understanding the perimeter of the combined figure.

Area Calculations

Calculating the area enclosed by this shape involves considering:

- The area of the square: \( s*2\)

- The areas of the semicircles: each has an area of \( \frac{1}{2} \pi r*2\):

\[ A_{semicircle} = \frac{1}2} \pi \left( \frac{s}{2} \right)*2 = \frac{1}{2} \pi \frac{s"2}{4} = \frac{\pi s"2}{8}
\]

- The combined area of the two semicircles:

\[ 2 \times \frac{\pi s"2}{8} = \frac{\pi s"2}{4} \]

Note: The total area of the figure depends on whether the semicircles overlap or intersect, which is

determined by their size and placement.

Intersection and Overlap

If the semicircles are attached outside the square and bulge outward, they do not intersect, and the
total enclosed area is simply the sum of the square's area plus the areas of the semicircles.
Conversely, if they are oriented inward or large enough to overlap, the combined area must account

for the intersection regions, which can be computed using circle segment formulas or integration.



Analytical Insights and Mathematical Relationships

Symmetry and Geometric Properties

The figure exhibits bilateral symmetry along the central vertical axis passing through the middle of the

square, especially if the semicircles are attached symmetrically and bulge outward.

Implications of symmetry:

- Simplifies calculations related to area and perimeter.

- Offers insights into possible inscribed or circumscribed figures.

Critical Dimensions and Ratios

- Diameter of semicircles: s

- Radius: s/2

- Arc length of each semicircle: \( \frac{\pi s}{2} \)

The ratio of the semicircle's arc length to the side length is:

\[ \frac{\Mfrac{\pi s{2}}{s} = \frac{\pi}{2} \approx 1.57 \]

This ratio signifies that the boundary contributed by each semicircle exceeds the side length, which

influences the overall shape and area.

Area Ratios

- Square area: \( s"2\)

- Semicircle area: \( \frac{\pi s*2}8}\)

The ratio of the total semicircle area to the square's area:



\[ \frac{\pi s*2/4}{s"2} = \frac{\pi}{4} \approx 0.785 \]

This indicates that the semicircles occupy roughly 78.5% of the square's area, which is substantial and

affects the overall shape's proportions.

Advanced Considerations and Variations

Changing the Size of the Semicircles

Adjusting the radius of the semicircles influences the figure's properties:

- Larger semicircles (increasing radius): The arcs extend further, potentially overlapping or intersecting

with each other.

- Smaller semicircles: The figure approaches the shape of the square with minimal protrusions.

Alternative Orientations

- Inward bulging semicircles: Create concave indentations.

- Outward bulging semicircles: Form convex extensions, resembling "ears" or "petals."

Incorporating Additional Geometric Elements

- Adding more semicircles on other sides of the square.

- Connecting semicircles to form complex patterns or tessellations.

Applications and Significance



Mathematical Education

Figures like these serve as excellent teaching tools, illustrating concepts such as:

- Area and perimeter calculations for composite shapes.

- Properties of circles and squares.

- Symmetry and geometric transformations.

Engineering and Design

Understanding such configurations aids in:

- Architectural ornamentation.

- Mechanical part design involving curved surfaces.

- Artistic patterns that combine geometric shapes.

Computational Geometry

Algorithms for shape intersection, area computation, and boundary detection benefit from the analytical

methods derived from such figures.

Conclusion

The figure formed by joining two semicircles to opposite ends of a square with sides measuring s
exemplifies the elegance of geometric constructions. It encapsulates key principles of circle and square
properties, symmetry, and area-perimeter relationships. By dissecting its components, analyzing its
properties, and exploring various configurations, we gain insights not only into pure mathematics but

also into practical applications spanning design, engineering, and education.



This exploration underscores the richness inherent in simple geometric figures and their capacity to
reveal complex relationships, inspiring both mathematical curiosity and creative ingenuity. As with all
geometric investigations, such figures remind us of the profound beauty and utility embedded within

the fundamental shapes that form the building blocks of our spatial understanding.
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