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Understanding the behavior of a monopoly firm requires a deep dive into how
it sets prices and outputs to maximize profits. In this context, consider a
monopolist with a total cost (TC) function of 20Q and facing a linear inverse
demand curve P=120−Q. This scenario is fundamental in microeconomics,
illustrating the core principles of monopoly pricing, marginal revenue, and
profit maximization. This article explores the intricacies of such a
monopoly, analyzing its revenue and cost structures, deriving the marginal
revenue curve, and determining the profit-maximizing output and price.

Fundamentals of Monopoly Pricing

Understanding the Inverse Demand Curve
The inverse demand curve, P=120−Q, indicates the maximum price consumers are
willing to pay for each quantity Q. As Q increases, the price P decreases
linearly, reflecting the typical downward-sloping demand faced by
monopolists.

Cost Structure
The total cost function is given as TC=20Q, which implies:

Variable Costs: The cost varies directly with output at a rate of 20 per
unit.

Fixed Costs: Since TC=20Q, fixed costs are zero in this simplified model
unless otherwise specified.

Average Total Cost (ATC): ATC = TC/Q = 20Q/Q = 20, constant at 20
regardless of output.

Deriving the Revenue and Marginal Revenue
Curves

Total Revenue (TR)
Total revenue is the product of price and quantity:
\[ TR = P \times Q = (120 - Q) \times Q = 120Q - Q^2 \]



Marginal Revenue (MR)
Marginal revenue is the derivative of total revenue with respect to Q:
\[ MR = \frac{d(TR)}{dQ} = 120 - 2Q \]

This MR curve plays a vital role in determining the profit-maximizing output,
as the monopolist sets output where MR equals marginal cost (MC).

Profit Maximization in Monopoly

Identifying the Optimal Output
The monopolist maximizes profit where:
\[ MR = MC \]

Given the total cost function:
\[ TC = 20Q \]
\[ MC = \frac{d(TC)}{dQ} = 20 \]

Setting MR equal to MC:
\[ 120 - 2Q = 20 \]
\[ 2Q = 100 \]
\[ Q^ = 50 \]

The profit-maximizing quantity is 50 units.

Determining the Corresponding Price
Substitute Q=50 into the demand equation:
\[ P = 120 - Q = 120 - 50 = 70 \]

The price charged at this quantity is $70.

Calculating Profits
Total revenue at Q=50:
\[ TR = 70 \times 50 = 3500 \]

Total cost at Q=50:
\[ TC = 20 \times 50 = 1000 \]

Profit:
\[ \pi = TR - TC = 3500 - 1000 = 2500 \]

The monopolist makes a profit of $2500 at the optimal output.

Analysis of Monopoly Behavior and Market
Outcomes



Market Power and Price Setting
Unlike perfect competition, the monopolist has market power, enabling it to
set the price above marginal cost. In this scenario, the monopolist charges
$70, well above the marginal cost of $20, securing significant profits.

Consumer Surplus and Deadweight Loss
The monopoly's output is less than the socially optimal level (where P=MC).
The consumer surplus is reduced compared to perfect competition, and
deadweight loss arises due to the reduced quantity:

Consumer Surplus: The area between the demand curve and the price line
up to Q=50.

Deadweight Loss: The loss of total welfare due to underproduction,
represented by the triangle between the demand and supply curves from
Q=50 to the competitive equilibrium quantity.

Comparison with Perfect Competition
In a perfectly competitive market:
- Price equals marginal cost (P=MC=20).
- Quantity would be where P=120−Q=20, thus Q=100.
- The equilibrium price would be $20, with a higher quantity than the
monopoly's 50 units.
- Consumer surplus would be larger, and there would be no deadweight loss.

In contrast, monopoly restricts output to raise prices, leading to higher
profits but less efficient outcomes.

Implications for Policy and Market Regulation

Potential for Regulation
Given the monopoly's ability to set prices and restrict output, policymakers
often consider regulation to promote efficiency and consumer welfare. Price
caps or taxes could be used to align monopolist incentives with social
welfare.

Antitrust Considerations
Understanding monopolist behavior helps in designing antitrust policies to
prevent market abuse and promote competition where possible.

Extensions and Variations of the Model



Introducing Fixed Costs
If fixed costs are present, total costs would be TC=F + 20Q, affecting profit
calculations but not the MR=MC condition for output.

Different Demand Curves
A non-linear demand curve would alter the MR curve, impacting the profit-
maximizing output and price.

Multiple Firms and Market Dynamics
Moving from monopoly to oligopoly or perfect competition involves more
complex strategic interactions, but the core principles of marginal revenue
and cost remain foundational.

Summary and Key Takeaways
- The monopolist's profit-maximizing output is where MR=MC, which in this
case is Q=50.
- The corresponding price is $70, with a profit of $2500.
- Monopoly power leads to higher prices and lower quantities compared to
perfect competition.
- Understanding the MR curve is essential for analyzing monopoly behavior.
- Market interventions can help address welfare losses caused by monopolistic
practices.

Conclusion
Analyzing a monopoly with a total cost of 20Q and facing a linear demand
curve P=120−Q provides a clear illustration of fundamental economic
principles. The derivation of the marginal revenue curve and the profit-
maximizing condition showcase how monopolists determine their optimal output
and pricing strategies. While such firms can earn substantial profits, their
market power often results in inefficiencies, underscoring the importance of
regulatory policies aimed at balancing firm incentives with social welfare.

This comprehensive exploration highlights the importance of understanding
demand, revenue, and cost structures in monopoly analysis, providing
essential insights for economists, policymakers, and students alike.

Frequently Asked Questions

What is the profit-maximizing output level for the
monopolist given the demand and marginal revenue?

The monopolist maximizes profit where marginal revenue equals marginal cost.
Since MR is derived from the demand curve, setting MR equal to TC/Q (which is
20) determines the optimal output, Q = 50 units.



How do you calculate the monopolist’s equilibrium
price in this scenario?

Plug the profit-maximizing quantity (Q=50) into the demand function P=120−Q,
resulting in a price P=70.

What is the monopolist’s total profit at the
equilibrium output?

Total revenue is P×Q=70×50=3500, total cost is TC=20×50=1000, so profit
equals 3500−1000=2500.

How does the monopolist’s marginal revenue curve
relate to the demand curve?

The marginal revenue curve lies below the demand curve and has twice the
slope, specifically MR=120−2Q, reflecting the impact of quantity sold on
revenue.

What would happen to the monopolist’s optimal output
if the marginal cost increased to 30?

The new profit-maximizing output would be where MR=MC, so setting 120−2Q=30,
solving for Q yields Q=45 units, which is lower than before.

What is the consumer surplus at the monopolist’s
equilibrium, and how does monopoly pricing affect it?

Consumer surplus is the area above the price (70) and below the demand curve
up to Q=50, which equals (1/2)×(120−70)×50=1250. Monopoly pricing reduces
consumer surplus compared to perfect competition.

Additional Resources
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Understanding the behavior of a monopolist facing specific cost and demand
conditions is fundamental in microeconomic analysis. In this article, we
examine a monopolist with a total cost function \( TC = 20Q \) and an inverse
demand curve \( P = 120 - Q \). This scenario provides a clear illustration
of how monopolists determine optimal output and pricing strategies, as well
as the economic implications of their decisions. By dissecting this case, we
gain insights into monopolistic pricing, marginal revenue calculations,
consumer welfare effects, and potential policy considerations.

---

Overview of the Scenario

The scenario involves a monopolist operating in a market where:



- Total Cost (TC): \( TC = 20Q \), indicating constant marginal costs (MC) of
20 per unit.
- Inverse Demand Curve: \( P = 120 - Q \), meaning the price consumers are
willing to pay decreases linearly with quantity.

This setup offers a straightforward framework for analyzing how a monopolist
maximizes profit, given that the cost structure is linear and the demand is
linear as well.

---

Understanding the Demand and Revenue Functions

Inverse Demand Curve

The inverse demand function \( P = 120 - Q \) implies that:

- When no units are sold (\( Q=0 \)), the maximum price consumers are willing
to pay is \$120.
- As quantity increases, the maximum willingness to pay decreases linearly,
reaching \$0 when \( Q=120 \).

This linear demand curve simplifies analysis and is commonly used in economic
models.

Total Revenue (TR)

Total revenue is calculated as:

\[
TR = P \times Q = (120 - Q) \times Q = 120Q - Q^2
\]

The revenue function is quadratic, opening downward, with a maximum at the
vertex of the parabola.

Marginal Revenue (MR)

Marginal revenue is the derivative of total revenue with respect to quantity:

\[
MR = \frac{dTR}{dQ} = 120 - 2Q
\]

The MR curve is also linear but declines twice as steeply as the demand
curve, crossing the quantity axis at \( Q = 60 \).

---



Profit Maximization Conditions

A monopolist maximizes profit by producing the quantity where marginal
revenue equals marginal cost:

\[
MR = MC
\]

Given:

\[
MC = \frac{dTC}{dQ} = 20
\]

Set MR equal to MC:

\[
120 - 2Q = 20
\]

Solving for \( Q \):

\[
2Q = 120 - 20 = 100
\]
\[
Q^ = 50
\]

At this profit-maximizing quantity, the monopolist charges:

\[
P^ = 120 - Q^ = 120 - 50 = \$70
\]

Summary of optimal output and price:

- Optimal Quantity (Q\): 50 units
- Optimal Price (P\): \$70
- Total Revenue (TR\): \( 70 \times 50 = \$3500 \)
- Total Cost (TC\): \( 20 \times 50 = \$1000 \)
- Profit: \( TR - TC = 3500 - 1000 = \$2500 \)

---

Economic Features and Implications

Monopoly Pricing and Output Decisions

This case exemplifies a typical monopoly outcome where:

- The monopolist restricts output below the competitive level (which would be
where P=MC).



- The chosen quantity (50 units) is less than the socially optimal quantity,
leading to deadweight loss.
- The monopolist charges a price (\$70) above marginal cost (\$20), capturing
consumer surplus as profit.

Consumer and Producer Surplus

- Consumer Surplus (CS): The area of the triangle between the demand curve
and the price line, up to the quantity sold.

\[
CS = \frac{1}{2} \times (Q^) \times (P_{max} - P^) = \frac{1}{2} \times 50
\times (120 - 70) = 25 \times 50 = \$1250
\]

- Producer Surplus (Profit): \$2500, as calculated.

- Total Surplus: Sum of consumer and producer surplus, minus deadweight loss.

Deadweight Loss (DWL)

In monopoly, the deadweight loss reflects the loss of mutually beneficial
transactions due to restricted output:

\[
DWL = \frac{1}{2} \times (Q_{competitive} - Q^) \times (P_{competitive} - P^)
\]

Where:

- \( Q_{competitive} \) is where P=MC:

\[
120 - Q = 20 \Rightarrow Q_{competitive} = 100
\]

- \( P_{competitive} = 20 \)

Calculating DWL:

\[
DWL = \frac{1}{2} \times (100 - 50) \times (70 - 20) = \frac{1}{2} \times 50
\times 50 = 1250
\]

This indicates a significant loss of welfare due to monopoly pricing.

---

Features and Analysis of the Model



Advantages of the Linear Model

- Clarity: The linear demand and cost functions facilitate straightforward
calculations.
- Analytical Tractability: Marginal revenue and profit maximization
conditions are simple to derive.
- Educational Value: Ideal for illustrating fundamental monopolistic
concepts.

Limitations and Assumptions

- Constant Marginal Cost: Assumes no economies or diseconomies of scale.
- Linear Demand: Real-world demand often exhibits non-linearities.
- No Strategic Interactions: Assumes a single firm with no potential for
entry or competition.
- Static Framework: Does not account for dynamic considerations like
innovation or capacity constraints.

---

Policy Implications and Market Considerations

Regulation and Price Controls

Given the monopolist’s pricing above marginal cost, policymakers might
consider:

- Price regulation: Imposing price caps close to marginal cost to improve
consumer welfare.
- Taxation or subsidies: To offset deadweight loss or encourage efficiency.
- Antitrust measures: To promote competition and reduce monopoly power.

Potential for Market Failures

- The significant deadweight loss indicates inefficient resource allocation.
- Consumer surplus is notably reduced compared to the competitive scenario.
- Without regulation, monopolist profits may come at the expense of consumer
welfare.

Extensions and Variations

- Introducing capacity constraints or economies of scale.
- Considering dynamic models with entry or innovation.
- Analyzing effects of taxation, subsidies, or price discrimination.

---



Conclusion

The analysis of a monopolist with \( TC=20Q \) facing an inverse demand \(
P=120 - Q \) highlights fundamental principles of monopoly behavior. The firm
maximizes profit by producing 50 units and charging \$70, resulting in
substantial profits but also significant deadweight loss and reduced consumer
surplus. While the linear model provides valuable insights, real-world
markets often involve more complex demand structures, cost functions, and
strategic interactions. Nonetheless, understanding this baseline scenario is
essential for evaluating the impacts of monopolies and designing policies to
improve market efficiency. Effective regulation or competition policies can
mitigate welfare losses and foster more efficient resource allocation,
ultimately benefiting consumers and society as a whole.
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