Farmer Ed Has 3,000 Meters Of Fencing. And
Wants To Enclose A Reclangular Plot That
Borders On A River.

Farmer Ed Has 3,000 Meters Of Fencing. And Wants To Enclose A Reclangular Plot That
Borders On A River. This scenario raises an interesting challenge in land planning and optimization.
With a fixed amount of fencing, Farmer Ed aims to maximize his enclosed area by designing a
rectangular plot that borders a river, which can serve as one side of the enclosure. This approach not
only conserves fencing material but also leverages the natural boundary provided by the river,
making the fencing more efficient and cost-effective. In this article, we will explore how Farmer Ed
can determine the optimal dimensions of his rectangular plot, the mathematics behind maximizing
area with a fixed perimeter, and practical considerations for real-world fencing projects.

Understanding the Problem: Enclosure with Limited
Fencing and a River Boundary

The Constraints and Goals
Farmer Ed has a total of 3,000 meters of fencing available. His goal is to enclose a rectangular plot
along a river, which will serve as one of the sides of the rectangle. This means he only needs fencing
for the other three sides: two lengths and one width. The key questions are:

e What dimensions will maximize the enclosed area?

e How should the fencing be allocated between length and width?

e What are the optimal measurements for the sides of the rectangle?

Why Use the River as a Boundary?

Using the river as a boundary is advantageous because:
e |t reduces the fencing needed—eliminating the need for fencing along the river side.
e |t can enhance the aesthetic and ecological value of the land.

e |t offers potential for natural protection against wind and weather.

This setup effectively turns the fencing problem into a partial perimeter problem, simplifying the



fencing requirements.

Mathematical Formulation of the Problem

Defining Variables
Let:

e L = Length of the side parallel to the river

e W = Width of the side perpendicular to the river

Since the river forms one side, fencing is only needed for:
- The two widths (W and W)
- The one length (L)

Total fencing used:
- Fencing for two widths: 2 W
- Fencing for one length: L

Given total fencing:
L + 2W = 3,000 meters

The area (A) of the rectangle:
A=LW

Our goal is to maximize A given the fencing constraint.

Deriving the Optimal Dimensions

Expressing Area as a Function of One Variable

From the fencing constraint:
L = 3,000 -2W

Substitute into the area formula:
A(W) = (3,000 - 2W) W
A(W) = 3,000W - 2W"2



This is a quadratic function in terms of W.

Finding the Maximum Area

To find the value of W that maximizes A(W), we differentiate with respect to W and set the derivative
to zero:
dA/dW = 3,000 - 4W =0

Solve for W:
4W = 3,000
W = 750 meters

Now, find L:
L = 3,000-2 750 = 3,000 - 1,500 = 1,500 meters

Verifying the Maximum

The second derivative:
d?A/dW? =-4 < 0
Since the second derivative is negative, W = 750 meters gives a maximum area.

Practical Implications and Summary of Optimal
Dimensions

Optimal Dimensions for Enclosure
- Width (perpendicular to river): 750 meters
- Length (along the river): 1,500 meters

Total fencing used:
L+2W =1,500+ 2750 =1,500 + 1,500 = 3,000 meters

Maximum area:
A=LW=1,500750=1,125,000 square meters

This configuration encloses the largest possible rectangular area along the river with the available
fencing.

Summary of Benefits

- Efficient use of fencing material
- Maximized enclosed land area
- Natural boundary reduces fencing needs



- Cost-effective and environmentally friendly

Additional Considerations for Farmer Ed

Topographical and Environmental Factors

While the mathematical model provides the optimal dimensions, real-world factors may influence the
final decision:

¢ Soil type and land stability
e Proximity to water sources and drainage
e Wildlife habitats and conservation regulations

e Access routes and fencing installation logistics

Fencing Materials and Durability

Choosing appropriate fencing materials is crucial:
» Wooden fencing for aesthetics and traditional appeal
e Wire or chain-link for durability and security

e Electric fencing for livestock containment

Legal and Property Considerations

Farmer Ed should verify:
e Property boundaries and land ownership rights
e Local regulations regarding fencing and land use

e Environmental protection statutes related to river adjacency



Alternative Configurations and Further Optimization

Enclosing a Square or Other Shapes

While the rectangle with the optimal dimensions above maximizes area for the given fencing, Farmer
Ed might consider other shapes if:

e He wants a different aesthetic
e The land has irregular boundaries

e There are natural obstacles

However, in general, a rectangle with the given constraints yields the maximum area when one side is
along a boundary like a river.

Using Partial Fencing for Multiple Purposes

Farmer Ed could also consider:
e Dividing the enclosed area into sections for crop rotation or livestock
e Adding gates or access points strategically

e Incorporating natural features like trees or shrubs into fencing design

Conclusion: Making the Most of Limited Resources

Farmer Ed's scenario illustrates a classic optimization problem with practical applications. By
understanding the relationship between fencing length, land dimensions, and enclosed area, he can
design an efficient and maximized enclosure along the river. The key takeaway is that leveraging
natural boundaries, such as a river, significantly reduces fencing needs and allows for larger or more
functional land use within the same resource constraints. With careful planning, consideration of
environmental factors, and appropriate material choices, Farmer Ed can create a sustainable and
productive land enclosure that meets his farming goals.



Summary of Key Points

Using the available 3,000 meters of fencing, the optimal rectangle has a width of 750 meters
and a length of 1,500 meters.

This configuration maximizes the enclosed area to 1,125,000 square meters.

Natural boundaries like rivers can significantly reduce fencing requirements and improve land
utility.

Practical considerations include environmental factors, fencing materials, and legal regulations.

Mathematical optimization provides a valuable tool for resource-efficient land management.

Frequently Asked Questions

How can Farmer Ed maximize the area of his rectangular plot
with 3,000 meters of fencing along a river?

Farmer Ed should maximize the area by using the fencing for three sides (two widths and one length)
along with the river as the fourth side, resulting in the optimal dimensions when the widths are equal
and the length is twice the width.

What is the formula for calculating the maximum area of a
rectangular plot with fencing on three sides?

If the width is w and the length is |, with fencing for two widths and one length, then the total fencing
is 2w + | = 3,000 meters. The area A = w |, which can be expressed as A = w (3,000 - 2w). To
maximize A, take the derivative and find the optimal w.

What dimensions should Farmer Ed choose to enclose the
maximum area with 3,000 meters of fencing along a river?

Farmer Ed should set the width to 750 meters and the length to 1,500 meters, resulting in a
maximum enclosed area of 1,125,000 square meters.

Why is the river considered as one side of the fencing in this
enclosure problem?

Because the river acts as a natural boundary, Farmer Ed only needs fencing for the other three sides,
saving fencing material and allowing for a larger enclosed area.



How does the shape of the enclosure affect the amount of
fencing needed for a given area?

A rectangular shape with the optimal dimensions minimizes fencing for a given area; specifically, a
rectangle that is twice as long as it is wide maximizes the area with the available fencing.

What mathematical principles are used to determine the
optimal dimensions for Farmer Ed's fencing?

Calculus, specifically optimization techniques involving derivatives, is used to find the maximum area
by setting the derivative of the area function to zero and solving for the dimensions.

Can Farmer Ed enclose a larger area using a different shape
with the same fencing length?

No, among rectangles, the one with the maximum area for a given perimeter is a square, but since
one side is along the river (not fenced), the optimal shape is a rectangle with the length twice the
width. Other shapes like circles can enclose even larger areas, but in this scenario, a rectangle with
the specified constraints is optimal.

What practical considerations might Farmer Ed need to keep
in mind besides the fencing calculations?

Farmer Ed should consider the terrain, fencing durability near the river, access points, grazing needs,
and local regulations before finalizing the enclosure design.

Additional Resources

Farmer Ed Has 3,000 Meters Of Fencing. And Wants To Enclose A Rectangular Plot That Borders On A
River.

Planning to enclose a piece of land efficiently is a classic problem in geometry and resource
management, especially when working with a fixed amount of fencing material. Farmer Ed’s scenario,
involving 3,000 meters of fencing to enclose a rectangular plot along a river, presents a compelling
case for exploring optimal land use, geometric strategies, and practical considerations. Let's delve
into this problem comprehensively.

Understanding the Basic Constraints and Goals

Before diving into calculations, it's essential to clarify the problem’s parameters and objectives:

- Fencing Quantity: Farmer Ed has exactly 3,000 meters of fencing.
- Land Shape: The plot is rectangular.



- Bordering Feature: One side of the rectangle borders a river.

- Fencing Application: Since the river forms one boundary, fencing will only be needed for the
remaining three sides.

Goals:

- Maximize the enclosed area.

- Understand the optimal dimensions for the rectangle.
- Consider practical implications and constraints.

Geometric Setup and Assumptions

Given that the plot borders a river, the fencing will only be required for three sides: two widths and
one length.

Assumptions:

- The side along the river requires no fencing.

- The fencing is only used for the two widths (perpendicular to the river) and one length (parallel to
the river).

Variables:

- Let L = length of the side parallel to the river.
- Let W = width of the sides perpendicular to the river.

Fencing Equation:
Since fencing is only needed for two widths and one length:

\[ 2W + L = 3000 \text{ meters} \]

Mathematical Formulation for Maximizing Area

The primary goal is to find the dimensions L and W that maximize the enclosed area.
Area Function:
\[ A =L\times W]

From the fencing constraint:



\[ L =3000-2W\]
Substitute into the area formula:
\[ A(W) = W \times (3000 - 2W) = 3000W - 2W"™2\]

This is a quadratic function in terms of W.

Optimizing the Area: Calculus Approach

To find the maximum area, differentiate \(A(W)\) with respect to \(W\), set the derivative to zero, and
solve for W.

Derivative:

\[ \frac{dA}{dW} = 3000 - 4W \]

Set to zero for maximum:

\[ 3000 - 4W = 0\]

\[ 4W = 3000 \]

\[ W =\frac{3000}{4} = 750 \text{ meters} \]

Corresponding Length:

\[ L =3000 - 2W = 3000 - 2 \times 750 = 3000 - 1500 = 1500 \text{ meters} \]
Optimal Dimensions:

- Width (W): 750 meters
- Length (L): 1500 meters

Maximum Enclosed Area:

\[ A_{max} = L \times W = 1500 \times 750 = 1,125,000 \text{ square meters} \]

Interpreting the Results and Practical Implications

Key Takeaways:



- The optimal rectangular plot has a length of 1500 meters along the river and widths of 750 meters
extending perpendicular to the river.

- The maximum enclosed area under these conditions is 1,125,000 square meters (or approximately
112.5 hectares).

Practical considerations:

- Land Topography: Flat, even terrain facilitates fencing and maximizes usability.

- Fencing Material and Cost: Using 3,000 meters efficiently reduces waste and cost.

- Access Points: Positioning gates or entry points along the fencing for farm operations.

- Environmental Factors: Proximity to the river may influence fencing material choice or require
additional protection against erosion or flooding.

Alternative Scenarios and Variations

While the above approach maximizes the area, farmers often consider other factors:
1. Different Boundary Conditions

- If the river side is not a perfect straight boundary or curves, the calculation becomes more complex.
- For irregular shapes, optimization techniques like calculus or linear programming may be required.

2. Partial Fencing for Multiple Enclosures

- Dividing the land into smaller sections for different crops or livestock.
- Fencing requirements increase with additional internal boundaries.

3. Using Part of the Fencing for Other Purposes
- Fencing might serve as windbreaks or property boundaries, influencing the dimensions chosen.
4. Environmental and Zoning Regulations

- Local laws might restrict fencing height or materials.
- Consideration of flood zones or protected areas along the river.

Extensions: Considering Alternative Shapes for Fencing
Efficiency

Although a rectangle is straightforward, other shapes might offer better fencing efficiency:

- Square: For a given perimeter, a square encloses the maximum area.



- Circular Enclosure: A circle maximizes area for a given perimeter, but when bordering a river, the
optimal shape becomes a semicircular or segmental enclosure.

However, since the problem specifies a rectangular plot, the analysis above remains most relevant.

Real-World Application and Decision-Making

Farmer Ed’s problem exemplifies the importance of mathematical optimization in agriculture and land
management. Applying calculus and geometric principles allows farmers and land planners to:

- Maximize usable land within fencing constraints.

- Minimize costs while achieving desired land features.

- Adapt theoretical models to real-world constraints like terrain, environmental regulations, and future
expansion plans.

Practical steps for Farmer Ed:

1. Measure the river boundary accurately to confirm the assumptions.

2. Calculate the fencing needed based on the optimal dimensions.

3. Source quality fencing material to withstand environmental conditions.
4. Plan access points for ease of farm operations.

5. Consider environmental impact, especially in flood-prone areas.

Conclusion

Farmer Ed'’s scenario highlights a classic optimization problem with real-world relevance. Using
calculus, the most efficient enclosure with 3,000 meters of fencing along a river involves creating a
rectangle approximately 1500 meters long (along the river) and 750 meters wide. This configuration
maximizes the enclosed area at about 1,125,000 square meters, providing a significant land parcel for
farming activities.

By understanding the underlying principles and applying mathematical reasoning, farmers can make
informed decisions that optimize land use, minimize costs, and ensure sustainable operations.
Whether for livestock, crops, or general land management, these insights are invaluable for strategic
planning in agriculture.
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