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Understanding the Cost and Demand Functions: A
Comprehensive Analysis

For The Given Cost Function C(x) = 1900 + 390x + 1.5x² And The Demand Function P(x) =
1170 (i.e., The cost and demand equations are fundamental in economic analysis, helping
businesses and economists determine optimal production levels, pricing strategies, and profitability.
This article explores these functions in detail, analyzing their implications, calculating key points
such as break-even and profit-maximizing quantities, and providing insights into how these models
inform decision-making.

Introduction to Cost and Demand Functions

Before diving into the specifics, it’s crucial to understand what cost and demand functions represent.

- Cost Function (C(x)): Represents the total expense incurred in producing x units of a good or
service. It typically includes fixed costs and variable costs that change with output level.
- Demand Function (P(x)): Indicates the price consumers are willing to pay for a given quantity, often
reflecting market preferences and purchasing power.

In our case, the cost function is quadratic, indicating increasing marginal costs as production scales,
while the demand function is constant, suggesting a perfectly elastic demand at a fixed price.

Analyzing the Cost Function: C(x) = 1900 + 390x +
1.5x²

Components of the Cost Function
The cost function comprises three parts:

- Fixed Costs: 1900 (costs that do not vary with production volume)
- Variable Costs: 390x (costs increasing linearly with output)
- Quadratic Term: 1.5x² (reflects increasing marginal costs at higher production levels)



Implications of the Cost Function
The quadratic term suggests that as x increases, the marginal cost (the cost of producing an
additional unit) also increases, which could be due to factors like overtime wages, resource
constraints, or inefficiencies at higher output levels.

Calculating the Marginal Cost
Marginal cost (MC) is derived by differentiating the total cost function with respect to x:

\[
MC = \frac{dC}{dx} = 390 + 3x
\]

This indicates that each additional unit costs more as production increases, directly proportional to
the current level of output.

Understanding the Demand Function: P(x) = 1170

Characteristics of the Demand Function
The demand function provided is constant, meaning:

- The market price remains fixed at 1170 regardless of the quantity produced.
- Consumers are willing to buy any amount at this price, or the price is set by market conditions
independent of quantity.

This simplifies analysis but may not reflect real-world market dynamics where demand usually varies
with price.

Implications for Producers
With a fixed price, revenue depends solely on the quantity sold:

\[
Revenue (R) = P \times x = 1170 \times x
\]

The producer's goal is to determine the quantity x that maximizes profit, considering costs.

Profit Function and Optimization



Deriving the Profit Function
Profit (π) is total revenue minus total cost:

\[
\pi(x) = R - C(x) = 1170x - (1900 + 390x + 1.5x^2)
\]

Simplify:

\[
\pi(x) = 1170x - 1900 - 390x - 1.5x^2 = (1170 - 390)x - 1900 - 1.5x^2
\]
\[
\pi(x) = 780x - 1900 - 1.5x^2
\]

Finding the Profit-Maximizing Quantity
To maximize profit, differentiate π(x) with respect to x and set the derivative to zero:

\[
\frac{d\pi}{dx} = 780 - 3x = 0
\]

Solve for x:

\[
3x = 780 \Rightarrow x = 260
\]

This is the production level that maximizes profit.

Verifying the Nature of the Critical Point
Check the second derivative:

\[
\frac{d^2\pi}{dx^2} = -3 < 0
\]

Since the second derivative is negative, x = 260 corresponds to a maximum.

Calculating Key Financial Metrics



Maximum Profit
Substitute x = 260 into the profit function:

\[
\pi(260) = 780 \times 260 - 1900 - 1.5 \times (260)^2
\]
Calculate step-by-step:

- \(780 \times 260 = 202,800\)
- \(1.5 \times 260^2 = 1.5 \times 67,600 = 101,400\)

Now:

\[
\pi(260) = 202,800 - 1,900 - 101,400 = 99,500
\]

Maximum profit is \$99,500.

Break-Even Point
Break-even occurs when total revenue equals total costs:

\[
1170x = 1900 + 390x + 1.5x^2
\]

Rearranged:

\[
1170x - 390x - 1.5x^2 = 1900
\]
\[
780x - 1.5x^2 = 1900
\]

Divide through by 1.5:

\[
520x - x^2 = \frac{1900}{1.5} \approx 1266.67
\]

Rewrite as quadratic:

\[
x^2 - 520x + 1266.67 = 0
\]

Use quadratic formula:



\[
x = \frac{520 \pm \sqrt{(520)^2 - 4 \times 1 \times 1266.67}}{2}
\]

Calculate discriminant:

\[
D = 520^2 - 4 \times 1266.67 = 270,400 - 5,066.68 = 265,333.32
\]

Square root:

\[
\sqrt{265,333.32} \approx 515.09
\]

Find roots:

\[
x = \frac{520 \pm 515.09}{2}
\]

Two solutions:

1. \(x = \frac{520 + 515.09}{2} \approx \frac{1035.09}{2} \approx 517.55\)
2. \(x = \frac{520 - 515.09}{2} \approx \frac{4.91}{2} \approx 2.45\)

Break-even points are approximately at x ≈ 2.45 units and x ≈ 517.55 units.

This indicates that producing between these quantities yields profit, with the maximum profit at
about 260 units.

Implications for Business Strategy

Production Planning
Based on the analysis:

- Producing around 260 units maximizes profit.
- Producing fewer than 2.45 units results in a loss.
- Producing more than 517.55 units also results in a loss.

Pricing and Market Considerations
Since the demand function is constant at $1170, the company might consider:

- Maintaining this price if the market supports it.



- Exploring whether lowering or raising prices could increase demand or profit, although current
models assume fixed price.

Cost Management
Given the increasing marginal costs:

- The company should be cautious about scaling up production beyond the profit-maximizing point.
- Implementing cost-reduction strategies could shift the cost function favorably.

Conclusion

Analyzing the cost and demand functions reveals critical insights into optimal production and
profitability. The quadratic cost function indicates increasing costs at higher output levels, while the
constant demand function simplifies revenue calculations. The profit maximization occurs at
approximately 260 units, yielding a maximum profit of around \$99,500. Understanding these
dynamics enables businesses to make informed decisions about production levels, pricing strategies,
and cost management to optimize profitability in competitive markets.

Additional Considerations and Real-World Applications

- Market Dynamics: Real markets often have variable demand functions; thus, assuming constant
demand may oversimplify real-world scenarios.
- Price Elasticity: Variations in demand with price changes can significantly impact profit
calculations.
- Cost Structures: Fixed costs and variable costs may differ in practice, affecting the cost function's
shape.
- Scaling Strategies: Businesses should evaluate whether production efficiencies or inefficiencies
influence costs at different scales.

By thoroughly understanding and applying these mathematical models, companies can develop
robust strategies that align production with market realities, ensuring sustainable growth and
profitability.

In summary, the integration of cost and demand functions provides a powerful framework for
decision-making. Accurate modeling and analysis can lead to optimal production levels, maximized
profits, and strategic advantages in competitive markets.

Frequently Asked Questions

What is the total cost function C(x) given in the problem?
The total cost function is C(x) = 1900 + 390x + 1.5x².



How do you interpret the demand function P(x) = 1170 in this
context?
The demand function P(x) = 1170 indicates that the price per unit remains constant at $1170
regardless of the quantity sold.

What is the significance of the quadratic term in the cost
function?
The quadratic term 1.5x² reflects increasing costs associated with higher production levels, such as
diminishing returns or additional expenses incurred as output increases.

How can we determine the profit function based on the given
cost and demand functions?
The profit function is calculated as Revenue minus Cost, where Revenue = P(x) x. Since P(x) is
constant at 1170, profit = 1170x - C(x) = 1170x - (1900 + 390x + 1.5x²).

What is the optimal quantity x that maximizes profit?
To find the optimal x, set the derivative of the profit function to zero and solve for x. The profit
function is Profit(x) = 1170x - 1900 - 390x - 1.5x², which simplifies to Profit(x) = 780x - 1900 - 1.5x².

How do you calculate the profit at the optimal production
level?
Once the optimal x is found by solving the first derivative condition, substitute it back into the profit
function to determine the maximum profit.

Is the demand function truly constant at P(x) = 1170, and
what does that imply?
Yes, the demand function as given suggests a fixed price of $1170, implying a perfectly inelastic
demand where price does not change with quantity.

What are the implications of the quadratic cost function on
production decisions?
The quadratic cost function indicates that costs increase at an increasing rate with production,
which may limit profitable output levels and influence decisions on scaling production.

How would changes in the demand price affect the optimal
production quantity?
If the demand price P(x) changes from a constant to a variable function, the optimal production
quantity would need to be recalculated based on the new demand function, potentially changing the



profit-maximizing output level.

Additional Resources
Cost Function and Demand Function Analysis: An In-Depth Review

Understanding the relationship between cost functions and demand functions is fundamental for
businesses aiming to optimize profitability and make informed strategic decisions. In this article, we
will analyze the given cost function \( C(x) = 1900 + 390x + 1.5x^2 \) and the demand function \(
P(x) = 1170 \), exploring their implications, characteristics, and potential applications.

---

Introduction to the Cost and Demand Functions

The core of any economic analysis involves understanding how costs and demand interact to
influence revenue and profit. The provided functions serve as mathematical representations of these
relationships:

- Cost Function \( C(x) = 1900 + 390x + 1.5x^2 \): Represents the total cost incurred when
producing \( x \) units of a product.
- Demand Function \( P(x) = 1170 \): Indicates a constant price at which the product can be sold,
regardless of the quantity \( x \).

This combination suggests a scenario where the selling price remains fixed, and total costs vary with
production volume. Analyzing these functions can reveal insights into break-even points, profit
maximization, and operational efficiency.

---

Analysis of the Cost Function

Mathematical Characteristics

The cost function \( C(x) = 1900 + 390x + 1.5x^2 \) is a quadratic function of the form \( ax^2 + bx
+ c \), with:

- \( a = 1.5 > 0 \), indicating a parabola opening upwards.
- \( b = 390 \).
- \( c = 1900 \).

This quadratic form reflects increasing marginal costs as production increases, typical in real-world
scenarios due to factors like overtime, resource constraints, or inefficiencies at higher production



levels.

Features:

- Fixed Costs: The term \( 1900 \) represents fixed costs that are incurred regardless of production
volume.
- Variable Costs: The linear term \( 390x \) signifies costs that change proportionally with output.
- Quadratic Term: \( 1.5x^2 \) suggests that costs accelerate as production volume grows, capturing
increasing marginal costs.

Graphical Representation:

Plotting the cost function yields a parabola starting at \( 1900 \) when \( x=0 \), rising more steeply
as \( x \) increases.

Implications for Production and Cost Management

- Economies of Scale: The upward curvature indicates that economies of scale are limited; costs
escalate as output increases.
- Break-even Analysis: Calculating the production level at which total revenue equals total cost is
crucial for understanding viability.

Pros:

- Captures real-world increasing costs at higher production levels.
- Allows precise calculation of cost-related metrics like average and marginal costs.

Cons:

- Assumes quadratic behavior, which may oversimplify some cost structures.
- Does not incorporate potential reductions in costs through economies of scale or technological
improvements.

---

Analysis of the Demand Function

Characteristics of the Demand Function \( P(x) = 1170 \)

The demand function provided is constant, implying a perfectly inelastic demand where the price
remains unchanged regardless of quantity sold.

Features:

- Price Invariance: No matter how much is produced or sold, the price stays at 1170.



- Implication of Perfectly Inelastic Demand: Consumers are willing to buy the same quantity
regardless of price changes, which is often unrealistic but can model certain scenarios like essential
goods or regulated markets.

Graphical Representation:

A horizontal line at \( P=1170 \) across all levels of \( x \).

Implications for Revenue and Profit

- Total Revenue \( R(x) = P \times x = 1170x \): Since price is fixed, revenue scales linearly with
production volume.
- Profit Calculation: \( \pi(x) = R(x) - C(x) = 1170x - (1900 + 390x + 1.5x^2) \).

This formula allows analysis of profit maximization by choosing optimal \( x \).

Pros:

- Simplifies revenue calculations.
- Useful for products with inelastic demand or in markets with regulated prices.

Cons:

- Unrealistic in many markets where demand responds to price changes.
- Limits strategic pricing flexibility.

---

Profit Maximization and Break-even Analysis

Combining the cost and demand functions enables comprehensive profit analysis.

Profit Function

\[
\pi(x) = R(x) - C(x) = 1170x - (1900 + 390x + 1.5x^2)
\]

Simplify:

\[
\pi(x) = 1170x - 1900 - 390x - 1.5x^2 = (1170x - 390x) - 1900 - 1.5x^2
\]
\[
\pi(x) = 780x - 1900 - 1.5x^2



\]

This quadratic profit function opens downward (since the coefficient of \( x^2 \) is negative),
indicating a maximum point.

Finding the Optimal Production Quantity \( x^ \)

To maximize profit, differentiate \( \pi(x) \):

\[
\frac{d\pi}{dx} = 780 - 3x = 0
\]
\[
x^ = \frac{780}{3} = 260
\]

At \( x = 260 \), profit is maximized.

Maximum Profit

Calculate \( \pi(260) \):

\[
\pi(260) = 780 \times 260 - 1900 - 1.5 \times (260)^2
\]
\[
= 202,800 - 1900 - 1.5 \times 67,600
\]
\[
= 202,800 - 1900 - 101,400
\]
\[
= 202,800 - 103,300 = 99,500
\]

Conclusion:

- The business should produce approximately 260 units to maximize profit.
- The maximum profit attainable under the given conditions is approximately \$99,500.

Break-even Point

Set \( \pi(x) = 0 \):

\[



780x - 1900 - 1.5x^2 = 0
\]

Rearranged:

\[
1.5x^2 - 780x + 1900 = 0
\]

Divide through by 1.5:

\[
x^2 - 520x + \frac{1900}{1.5} = 0
\]
\[
x^2 - 520x + 1266.67 = 0
\]

Using quadratic formula:

\[
x = \frac{520 \pm \sqrt{520^2 - 4 \times 1 \times 1266.67}}{2}
\]

Calculate discriminant:

\[
D = 270,400 - 4 \times 1266.67 = 270,400 - 5,066.68 = 265,333.32
\]

\[
x = \frac{520 \pm \sqrt{265,333.32}}{2}
\]

\[
\sqrt{265,333.32} \approx 515.07
\]

Therefore,

\[
x \approx \frac{520 \pm 515.07}{2}
\]

- For the positive root:

\[
x \approx \frac{520 + 515.07}{2} = \frac{1035.07}{2} \approx 517.54
\]

- For the negative root:



\[
x \approx \frac{520 - 515.07}{2} = \frac{4.93}{2} \approx 2.47
\]

Interpretation:

- The business breaks even at approximately 2.5 units and 517.5 units.
- Producing between these quantities results in profit; outside this range, losses occur.

---

Strategic Insights and Recommendations

Operational Strategies

- Optimal Production Level: Aim for producing around 260 units to maximize profit.
- Capacity Planning: Ensure production facilities can handle at least 260 units efficiently.
- Cost Management: Investigate ways to reduce fixed or variable costs to improve profitability
further.

Market Considerations

- Demand Characteristics: Since the demand function is constant, the business has limited pricing
power.
- Pricing Strategy: The fixed price of \$1170 per unit suggests that demand is inelastic; focus on cost
control rather than price changes for profitability.

Limitations and Assumptions

- The demand function's assumption of perfect inelasticity may not hold in real markets.
- The quadratic cost function simplifies complex cost behaviors; in practice, costs might plateau or
change due to technological factors.
- External factors like competition, market trends, and regulatory changes are not incorporated.

---

Conclusion

The analysis of the cost function \( C(x) = 1900 + 390x + 1.5x^2 \)
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