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Understanding how salaries change over time is essential in many contexts, from personal finance
planning to business budgeting and mathematical analysis. In this article, we explore a specific
scenario: Mr. Red's first-year salary is $30,000, and it increases by $500 each subsequent year. Our
goal is to determine the explicit rule governing his salary progression. By examining this problem, we
will delve into the concepts of arithmetic sequences, explicit formulas, and their applications,
providing a comprehensive understanding suitable for learners, educators, and professionals alike.

Understanding the Scenario: Mr. Red's Salary
Progression

Initial Salary and Annual Increase

Mr. Red starts his career or a particular job with an initial salary of $30,000 in his first year. Each year,
his salary increases by a fixed amount of $500. This kind of progression is common in salary
negotiations, annual raises, and financial forecasting.

Why Is This Important?

e It helps in calculating future salaries based on current data.
¢ Assists in planning savings, investments, or expenses over multiple years.

* Provides a clear example of an arithmetic sequence, which is foundational in mathematics.

Mathematical Representation of Salary Progression



What Is an Arithmetic Sequence?

An arithmetic sequence is a sequence of numbers where each term after the first is obtained by
adding a fixed number, called the common difference, to the previous term. In Mr. Red’s case:

e First term (initial salary): $30,000

e Common difference (annual increase): $500

Identifying the Terms of the Sequence

Let's denote each year's salary as \(a_n\), where \(n\) is the year number starting from 1. Then:

e \(a_1 = 30,000\) (salary in the first year)
e \(a2=a1+500))
* \(a_3=a2+500)

e And so on...

Deriving the Explicit Rule for Mr. Red's Salary

General Formula for an Arithmetic Sequence

The explicit formula to find the \(n\)-th term of an arithmetic sequence is:

\an=al+(n-1)d\]
where:

e \(a_n\) = salary in year \(n\)
* \(a_1\) = initial salary ($30,000)
e \(d\) = common difference ($500)

e \(n\) = year number (1, 2, 3, ...)

Applying the Formula to Mr. Red's Salary

Substituting the known values:



\[ a_n = 30,000 + (n- 1) \times 500 \]

This explicit rule allows you to determine Mr. Red's salary in any given year without calculating all
previous years.

Practical Examples of the Explicit Rule

Salary in the 1st Year

e Using the formula: \(a_1 = 30,000 + (1 - 1) \times 500 = 30,000 + 0 = 30,000\)

e Result: \$30,000, confirming the initial salary.

Salary in the 5th Year

e Applying the formula: \(a_5 = 30,000 + (5 - 1) \times 500 = 30,000 + 4 \times 500 = 30,000 +
2,000 = 32,000\)

e Result: \$32,000 in the fifth year.

Salary in the 10th Year

e Applying the formula: \(a_{10} = 30,000 + (10 - 1) \times 500 = 30,000 + 9 \times 500 =
30,000 + 4,500 = 34,500\)

e Result: \$34,500 in the tenth year.

Graphing and Visualizing the Salary Growth

Plotting the Sequence

Plotting the terms of the sequence on a graph provides a visual understanding of salary progression.
The x-axis represents the years (\(n\)), and the y-axis represents the salary (\(a_n\)).



Characteristics of the Graph

e Linearly increasing trend due to constant addition of $500 annually.
e Y-intercept at \$30,000 when \(n=1\).

* Slope of the line: 500, representing the annual increase.

Understanding the Significance of the Explicit Rule

Advantages over Recursive Formulas

The explicit formula allows direct computation of any term without relying on previous values, unlike
recursive formulas which depend on earlier terms. For instance, to find the salary in year 20:

\[ a_{20} = 30,000 + (20 - 1) \times 500 = 30,000 + 19 \times 500 = 30,000 + 9,500 = 39,500 \]

Applications in Real-Life Scenarios

e Salary projections for personal financial planning.
e Budget forecasting for organizations with fixed annual increases.

¢ Analyzing trends in income growth over multiple years.

Extensions and Variations

Variable Increases

If Mr. Red's salary increase varies each year, the sequence may no longer be arithmetic. Instead, it
could be geometric or follow another pattern, requiring different formulas.

Inclusion of Additional Factors

e Bonuses or one-time payments.

e Inflation adjustments.



e Performance-based raises.

Conclusion: The Explicit Rule for Mr. Red's Salary

In summary, Mr. Red's salary progression can be succinctly described by the explicit formula:

\[ \boxed{a_n = 30,000 + (n - 1) \times 500} \]
This formula provides an easy way to calculate his salary in any given year, making it a powerful tool
for financial analysis, planning, and understanding arithmetic sequences in mathematics.

Understanding such explicit rules not only helps in practical financial scenarios but also enhances
comprehension of fundamental mathematical concepts that are applicable across numerous fields.
Whether you are a student, educator, or professional, mastering the derivation and application of
explicit formulas for sequences is an essential skill in analytical thinking and quantitative reasoning.

Frequently Asked Questions

What is the explicit formula to calculate Mr. Red's salary in
any given year?

The explicit formula is S(n) = 30,000 + (n - 1) 500, where n is the year number.

How can | determine Mr. Red's salary in the 5th year using the
explicit rule?

Using the formula S(n) = 30,000 + (n - 1) 500, for n=>5: S(5) = 30,000 + (5 - 1) 500 = 30,000 + 4 500
= 32,000.

What pattern does Mr. Red's salary follow over the years?

His salary increases by a fixed amount of $500 each year, starting at $30,000, following a linear
pattern.

If Mr. Red's salary in year 1 is $30,000, what will it be in year
n?

It will be S(n) = 30,000 + (n - 1) 500, representing a linear increase each year.

Why is the explicit rule important for calculating Mr. Red's
future salary?

Because it provides a direct formula to find any year's salary without listing all previous salaries,
making calculations quick and efficient.



Additional Resources
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Understanding how salaries grow over time is a fundamental concept in finance, accounting, and
personal planning. When Mr. Red's first-year salary is $30,000 and it increases by $500 each
subsequent year, it creates a clear pattern that can be modeled mathematically. In this article, we will
explore the explicit rule governing Mr. Red's salary progression, break down how to identify such
rules, and discuss how to apply this knowledge to calculate future salaries or analyze similar patterns.

The Importance of Recognizing Patterns in Salary Progression

Before diving into the specifics of Mr. Red's salary, it's important to recognize why understanding
explicit rules is valuable:

- Forecasting Future Salaries: Knowing the pattern allows individuals or organizations to project future
earnings.

- Financial Planning: Accurate salary models help in saving, investing, and budgeting.

- Understanding Growth Models: Identifying whether salary increases are linear, exponential, or follow
another pattern.

In Mr. Red's case, the salary increases by a fixed amount each year, which points to a linear model.

Defining the Scenario
Let's restate the problem:

- Initial salary (Year 1): $30,000
- Annual increase: $500
- Question: What is the explicit rule that describes Mr. Red's salary in any given year?

Step 1: Understanding the Data Points
To determine the explicit rule, start by listing known data points:

| Year | Salary |
[

| 1]$30,000 |

| 2] $30,500 |

| 3]$31,000 |

| 4]$31,500 |

ey

Notice the pattern: each year, the salary increases by a constant amount of $500.



Step 2: Recognizing the Pattern: Linear Growth

Since the salary increases by a fixed amount annually, this pattern is characteristic of a linear
function. The general form of a linear function is:

S(h)=a+d(n-1)

Where:

- S(n): Salary in the nth year

- a: Salary in the first year

- d: Common difference (annual increase)
-n: Year number (n=1, 2, 3, ...)

In this context:

-a = $30,000
-d = $500

Step 3: Deriving the Explicit Formula

Using the general formula for an arithmetic sequence, the explicit rule for Mr. Red's salary is:
S(n)=a+d(n-1)

Substituting the known values:

S(n) = 30,000 + 500(n - 1)

Simplify:

S(n) = 30,000 + 500n - 500

which leads to:

S(n) = 29,500 + 500n

The Explicit Rule:
S(n) = 29,500 + 500n

This formula allows you to determine Mr. Red’s salary in any given year n without needing to list all
previous salaries.

Step 4: Validating the Formula



Let's verify the formula with some known data points:
-Forn=1:

S(1) = 29,500 + 500(1) = 29,500 + 500 = $30,000 ]
-Forn=2:

S(2) = 29,500 + 500(2) = 29,500 + 1,000 = $30,500 ]
-Forn = 3:

S(3) = 29,500 + 1,500 = $31,000 []

The formula accurately models the salary progression.

Practical Applications of the Explicit Rule

Having an explicit formula isn't just an academic exercise; it has practical benefits:
1. Calculating Future Salaries

Suppose Mr. Red wants to know his salary in the 10th year:
S(10) = 29,500 + 500 10 = 29,500 + 5,000 = $34,500

2. Finding the Salary for a Specific Year

If Mr. Red wants to know his salary in year 15:

S(15) = 29,500 + 500 15 = 29,500 + 7,500 = $37,000

3. Determining the Year When a Salary Threshold Is Reached
Imagine Mr. Red aims to earn at least $50,000. Solve for n:
50,000 =< 29,500 + 500n

Subtract 29,500 from both sides:

20,500 = 500n

Divide both sides by 500:

n=41.0

So, in the 41st year, Mr. Red's salary will reach or exceed $50,000.



Additional Insights: Graphing and Visualizing

Plotting Mr. Red's salary over the years reveals a straight line with a slope of 500 and a y-intercept at
29,500. This visualization helps to understand the steady growth pattern.

Variations and Related Concepts
While Mr. Red's salary increases linearly, other scenarios might involve different growth patterns:

- Exponential Growth: Salaries increase by a percentage each year.
- Step Functions: Salaries increase irregularly at different intervals.
- Compound Growth: Similar to exponential, where increases are based on previous salary amounts.

Understanding the explicit rule for linear patterns like Mr. Red's salary is foundational before tackling
more complex models.

Summary

- Mr. Red's salary starts at $30,000 in the first year.
- It increases by $500 each subsequent year.
- The explicit rule modeling this pattern is:

S(n) = 29,500 + 500n

- This formula allows quick calculation of his salary in any year n without iterative addition.

Final Thoughts

Recognizing and deriving explicit rules from patterns is a valuable skill in mathematics and real-world
applications. In Mr. Red's case, modeling his salary as a linear function simplifies forecasting and
planning. Whether you're analyzing salary patterns, investment growth, or other sequences,
understanding how to identify and formulate explicit rules empowers informed decision-making and
deeper mathematical comprehension.

Remember: When faced with a pattern that involves a constant difference, think linear. When
differences grow proportionally, consider exponential models. Recognizing these patterns is the key
to efficient problem solving.
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