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Introduction

Understanding the cost structure involved in manufacturing food processors is crucial for business
owners, investors, and students studying economics or managerial accounting. The function \( C(x) =
1700 + 60x - 0.5x^2 \) models the total cost, in dollars, of producing \( x \) units of food processors.
In this article, we will explore how to analyze this cost function thoroughly, focusing on key concepts
such as finding the maximum profit point, understanding the behavior of the function, and applying
calculus techniques to interpret the data.

Overview of the Cost Function \( C(x) \)

The given cost function:

\[
C(x) = 1700 + 60x - 0.5x^2
\]

captures the total cost associated with producing \( x \) units of food processors. It consists of three
parts:

- Fixed costs: $1700, which do not depend on the number of units produced.
- Variable costs: $60 per unit, indicating the marginal cost of producing each additional food
processor.
- Quadratic term: \(-0.5x^2\), which introduces a decreasing or increasing trend depending on the
value of \( x \).

Importance of Analyzing Cost Functions

Analyzing such functions helps determine:

- The production level that minimizes costs.
- The production level that maximizes profit.
- The point at which costs start to increase dramatically.
- Optimal production quantities for cost efficiency.

Step-by-Step Analysis of \( C(x) \)

1. Understanding the Nature of \( C(x) \)

Since the function involves a quadratic term with a negative coefficient, it is a parabola opening



downward. This indicates that:

- The total cost initially increases with \( x \).
- After a certain point, the cost reaches a maximum and then begins to decrease, which is less
common in real-world cost functions but can occur in specific scenarios such as economies of scale
or cost reductions due to bulk production.

2. Find the Vertex of the Parabola

The vertex of the parabola gives the maximum (or minimum) value of the cost function. For a
quadratic function in the form:

\[
C(x) = ax^2 + bx + c
\]

the \( x \)-coordinate of the vertex is:

\[
x_{vertex} = -\frac{b}{2a}
\]

In our case, rewriting \( C(x) \):

\[
C(x) = -0.5x^2 + 60x + 1700
\]

where:

- \( a = -0.5 \)
- \( b = 60 \)
- \( c = 1700 \)

Calculating the vertex:

\[
x_{vertex} = -\frac{60}{2 \times (-0.5)} = -\frac{60}{-1} = 60
\]

Interpretation: At \( x = 60 \), the total cost reaches its maximum.

3. Calculate the Maximum Cost

Plugging \( x = 60 \) back into \( C(x) \):

\[
C(60) = 1700 + 60 \times 60 - 0.5 \times 60^2
\]

\[



C(60) = 1700 + 3600 - 0.5 \times 3600
\]

\[
C(60) = 1700 + 3600 - 1800 = 3500
\]

Result: The maximum total cost is \$3500, occurring when 60 units are produced.

---

Practical Implications of the Cost Analysis

Optimal Production Level

While the maximum cost occurs at 60 units, businesses typically aim to minimize costs or maximize
profit. It's important to analyze whether producing at this point is economically feasible or optimal.

4. Find the Production Level That Minimizes Cost

Since the parabola opens downward, the vertex represents a maximum point, not a minimum.
Therefore, the cost function's minimum occurs at the endpoints of the production range or, if
considering the entire domain, at zero or some feasible production level.

Suppose the business considers producing between 0 and 120 units; then, the minimum cost is at
the endpoints or where the derivative equals zero.

---

Calculus Application: Derivative and Critical Points

1. Derivative of \( C(x) \)

To find minima or maxima, compute the first derivative:

\[
C'(x) = \frac{d}{dx} (1700 + 60x - 0.5x^2) = 60 - x
\]

2. Critical Points

Set the derivative equal to zero:

\[
60 - x = 0 \Rightarrow x = 60
\]

This confirms the earlier calculation that the critical point is at \( x = 60 \).

3. Determine the Nature of Critical Points



Calculate the second derivative:

\[
C''(x) = -1
\]

Since \( C''(x) = -1 < 0 \), the critical point at \( x=60 \) is a maximum.

4. Cost at \( x=0 \) and \( x=120 \)

- At \( x=0 \):

\[
C(0) = 1700 + 0 - 0 = 1700
\]

- At \( x=120 \):

\[
C(120) = 1700 + 60 \times 120 - 0.5 \times 120^2
\]

\[
C(120) = 1700 + 7200 - 0.5 \times 14400
\]

\[
C(120) = 1700 + 7200 - 7200 = 1700
\]

Observation: Cost at both ends is \$1700, indicating that the maximum cost at 60 units is an interior
extremum, with costs at the endpoints being lower.

---

Extending the Analysis: Profit Considerations

While this article focuses on cost, in real-world scenarios, profit analysis involves revenue functions.
Suppose the selling price per unit is \( p \) dollars; then, profit \( P(x) \) is:

\[
P(x) = x \times p - C(x)
\]

Finding the production level that maximizes profit involves:

\[
\frac{dP}{dx} = p - C'(x)
\]

which leads to setting:



\[
p = C'(x) = 60 - x
\]

from which the optimal production \( x \) can be determined based on the market price \( p \).

---

Summary of Key Findings

- The total cost function \( C(x) = 1700 + 60x - 0.5x^2 \) models the cost of producing \( x \) food
processors.
- The maximum total cost occurs at \( x=60 \) units, with a cost of \$3500.
- The cost function has a concave downward parabola, indicating that production beyond 60 units
leads to decreasing total costs, which might reflect economies of scale or other efficiencies.
- The critical point at \( x=60 \) is a maximum, confirmed by the second derivative test.
- Costs at the endpoints (0 and 120 units) are \$1700, lower than the maximum at 60 units,
highlighting the importance of analyzing production ranges.

Final Thoughts

Understanding how to analyze cost functions like \( C(x) = 1700 + 60x - 0.5x^2 \) is fundamental for
making informed decisions in manufacturing and business planning. Using calculus techniques such
as derivatives and the vertex formula provides valuable insights into production costs, helping
managers determine optimal production levels and control expenses efficiently.

---

Additional Resources

- Economics and Business Mathematics: For deeper understanding of cost, revenue, and profit
functions.
- Calculus for Business and Economics: To master derivatives, critical points, and optimization
techniques.
- Production and Cost Analysis: Practical guides on analyzing manufacturing costs and scaling
production.

---
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Frequently Asked Questions

What is the total cost function for producing X food
processors?
The total cost function is C(x) = 1700 + 60x - 0.5x^2.



How do you find the number of food processors that minimizes
the total production cost?
To minimize the cost, take the derivative of C(x) with respect to x, set it to zero, and solve for x: C'(x)
= 60 - x = 0, so x = 60.

What is the minimum total cost of producing food processors
according to the given function?
Substitute x = 60 into C(x): C(60) = 1700 + 60(60) - 0.5(60)^2 = 1700 + 3600 - 0.5(3600) = 1700 +
3600 - 1800 = 3500.

At what production level does the total cost reach its
maximum?
Since the cost function is quadratic with a negative leading coefficient (-0.5), it opens downward, so
the maximum occurs at the vertex x = 60, which actually gives the minimum cost. The maximum
would be at the endpoints of production range, but with no specified range, the model suggests the
minimum at x = 60.

How does increasing the number of food processors beyond 60
affect the total cost?
Beyond x = 60, the total cost increases because the quadratic term dominates, indicating increasing
costs with higher production levels after the minimum point.

Additional Resources
Understanding the Total Cost of Producing Food Processors: A Comprehensive Analysis

When evaluating manufacturing efficiency and profitability, understanding the total cost (in dollars)
of producing food processors is essential. The cost function, represented as C(x) = 1700 + 60x -
0.5x², provides a mathematical model for the expenses incurred in producing x units of food
processors. Analyzing this function reveals valuable insights into production costs, optimal output
levels, and the economic implications for a manufacturing business. In this guide, we'll explore how
to interpret this cost function, find critical points, and understand the broader implications for
production planning.

---

The Cost Function: A Closer Look

The given cost function:

\[ C(x) = 1700 + 60x - 0.5x^2 \]

where:



- C(x) represents the total cost in dollars to produce x units of food processors.
- The constants and coefficients have specific interpretations:
- 1700: The fixed costs — expenses that are incurred regardless of the number of units produced
(e.g., machinery, setup costs).
- 60x: The variable costs proportional to the number of units produced, indicating a linear increase
in cost with each additional unit.
- -0.5x²: A quadratic term indicating that the variable costs do not increase indefinitely but instead
have a diminishing or negative effect at higher production levels, reflecting potential efficiencies or
increasing marginal costs.

---

Step 1: Identifying the Nature of the Cost Function

The quadratic term -0.5x² suggests that the total cost function is a downward-opening parabola. This
means:

- The cost initially increases as production increases.
- After reaching a certain point, further increases in production may lead to decreasing total costs or
a maximum point, depending on the context.

However, since costs typically increase with production, the quadratic term indicates the marginal
cost decreases initially, possibly due to economies of scale, but eventually, costs could rise again if
other factors come into play.

---

Step 2: Finding the Vertex — The Minimum or Maximum Cost Point

The vertex of the parabola provides critical information:

- If the parabola opens downward (as in this case), the vertex corresponds to the maximum total
cost.
- If it opens upward, the vertex corresponds to the minimum total cost.

Given the negative coefficient of \( x^2 \), the parabola opens downward, indicating the total cost
reaches a maximum at the vertex. To find this point:

Formula for the Vertex of a Quadratic

\[ x_{vertex} = -\frac{b}{2a} \]

where, for the quadratic \( C(x) = ax^2 + bx + c \):

- \( a = -0.5 \)
- \( b = 60 \)
- \( c = 1700 \)

Calculating the vertex:

\[ x_{vertex} = -\frac{60}{2 \times (-0.5)} = -\frac{60}{-1} = 60 \]



---

Step 3: Interpreting the Vertex

At \( x = 60 \):

- The total cost \( C(60) \) reaches its maximum.
- To find the maximum total cost:

\[ C(60) = 1700 + 60(60) - 0.5(60)^2 \]

Calculations:

\[ C(60) = 1700 + 3600 - 0.5 \times 3600 \]

\[ C(60) = 1700 + 3600 - 1800 \]

\[ C(60) = (1700 + 3600) - 1800 = 5300 - 1800 = 3500 \]

Result:

- The maximum total cost is $3,500 when producing 60 units.

---

Step 4: Finding Critical Points — When Costs Are Minimized

Since the parabola opens downward, the vertex indicates a maximum cost, not a minimum. To find
the minimum cost (if any), we need to analyze the behavior at the endpoints or consider the domain
of production.

- Practical domain: Production cannot be negative, so \( x \geq 0 \).
- As \( x \to 0 \):

\[ C(0) = 1700 + 60(0) - 0.5(0)^2 = 1700 \]

- As \( x \to \infty \):

\[ C(x) \to -\infty \] (which is not realistic in practice, but mathematically indicates the function
decreases without bound).

Conclusion:

- The minimum total cost occurs at the smallest feasible value within the production domain, which
is at \( x = 0 \), costing $1,700.
- However, in practical terms, producing zero units isn't meaningful, so the minimal cost for positive
production begins at some positive \( x \).

---

Step 5: Finding the Production Level for Optimal Costs



In business analysis, it's often important to find the production level that minimizes average cost or
maximizes profit. While the total cost function helps understand expense trends, production
decisions depend on additional factors like demand and revenue.

---

Summary of Key Findings

| Aspect | Result | Explanation |
|---------|---------|--------------|
| Vertex (Maximum Cost) | \( x = 60 \) units | Total cost peaks at 60 units produced. |
| Maximum Total Cost | $3,500 | Cost incurred at this production level. |
| Cost at Zero Production | $1,700 | Fixed costs, no variable costs. |
| Practical Minimum Cost | At \( x \to 0^+ \) | Costs approach $1,700; minimal in realistic terms. |

---

Practical Implications for Manufacturing

1. Production Planning:
- The maximum cost at 60 units suggests potential inefficiencies or capacity limits at this level.
- Costs are lowest at zero units but producing nothing isn't viable, so the business must find a
balance point.

2. Economies of Scale:
- The decreasing marginal costs after a certain point could suggest economies of scale up to a
certain production level.
- Beyond 60 units, costs may decrease again if the model extends, but in this quadratic form, costs
decrease after the maximum point, which is not typical in real-world scenarios.

3. Cost Management:
- Recognizing where costs peak helps managers avoid overproduction that could lead to
inefficiencies.
- Adjusting production levels to avoid the cost maximum can help optimize expenses.

4. Further Analysis:
- To optimize profits, one must consider revenue functions alongside costs.
- The cost function alone provides a foundation for understanding expense behavior but must be
integrated with sales data for comprehensive decision-making.

---

Additional Considerations

- Limitations of the Model:
- The quadratic model simplifies real-world complexities.
- External factors like market demand, supply chain constraints, and labor costs are not included.
- Extensions for Analysis:
- Derive the marginal cost function to analyze cost increase per additional unit.
- Combine with revenue functions to determine profit-maximizing production levels.



---

Conclusion

The cost function \( C(x) = 1700 + 60x - 0.5x^2 \) provides valuable insights into how costs evolve
with production levels of food processors. The analysis reveals a maximum total cost of $3,500 at 60
units, with the lowest costs approaching $1,700 at minimal production. Recognizing these critical
points enables manufacturers to make informed decisions about production quantities, optimize
costs, and plan strategically for profitability. Understanding the behavior of quadratic cost functions
is fundamental in manufacturing economics and forms a crucial part of operational decision-making.

---

Interested in more detailed financial modeling? Stay tuned for future guides on cost optimization,
profit analysis, and production planning strategies!
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