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Every year, high school math competitions capture the imagination of students across the United States. Among 

these contests, the American Mathematics Competitions (AMC) stand out for their rigorous problem sets and the 

prestige that comes with high scores. The AMC 12A, in particular, is a gateway for students aspiring to compete in 

the International Mathematical Olympiad (IMO) and other elite contests. In 2013, the AMC 12A presented a set of 

challenging problems that tested creativity, logical reasoning, and deep mathematical knowledge. This article offers 

a thorough exploration of the amc 12a 2013 solutions, providing insight into the strategies that helped top

performers succeed. Whether you’re a student preparing for the next AMC, a teacher looking for teaching

resources, or simply a math enthusiast, you’ll find this guide both informative and inspiring.

Understanding the 2013 AMC 12A Format

The AMC 12A is a 25 �question, 75 �minute multiple �choice exam. Each question carries one point, and there is no

penalty for wrong answers. The 2013 edition maintained this structure, with a balanced mix of algebra, geometry,

combinatorics, and number theory. The difficulty curve was carefully designed: the early questions are accessible

to a broad audience, while the later ones demand advanced techniques and clever insights.

Below is a quick snapshot of the 2013 AMC 12A problem distribution:

•  Questions 1–10: Basic to intermediate algebra and geometry.

•  Questions 11–20: Intermediate to advanced combinatorics and number theory.

•  Questions 21–25: The most challenging, often requiring multi �step reasoning or novel approaches.

Knowing the structure helps students allocate their time and mental energy effectively during the test.

Key Themes and Problem Types in 2013

While the AMC 12A covers a wide range of topics, the 2013 problems exhibited recurring themes. Recognizing

these patterns can streamline preparation and improve problem �solving speed.

Algebraic Manipulation and Functional Equations

Several questions demanded skillful algebraic manipulation. Students had to simplify complex expressions, solve

for variables, or prove identities. One notable problem involved a functional equation where students had to

determine a function that satisfied a particular symmetry property. Mastery of algebraic identities, factorization

techniques, and substitution methods proved essential.

Geometry: Circles, Triangles, and Coordinate Methods

Geometry remained a staple, with problems ranging from classic Euclidean constructions to coordinate geometry.

A memorable 2013 problem required calculating the area of a polygon inscribed in a circle, using trigonometric

identities and the law of cosines. Another geometry challenge involved a right triangle inscribed in a circle,

prompting students to apply the Pythagorean theorem in a novel context.

Combinatorics: Counting, Pigeonhole Principle, and Recurrence

The 2013 exam featured a variety of combinatorial questions. These ranged from simple counting principles to

more intricate recurrence relations. One problem asked students to determine the number of ways to color a set of



objects with specific constraints, while another required using the pigeonhole principle to guarantee a particular

outcome.

Number Theory: Divisibility, Congruences, and Modular Arithmetic

Number theory questions in 2013 tested students’ understanding of prime factors, modular arithmetic, and

divisibility rules. A standout problem involved finding the smallest positive integer that satisfies a set of

congruences, effectively requiring the use of the Chinese Remainder Theorem. Another challenge explored the

properties of perfect squares and cubes in relation to modular constraints.

Strategic Approaches to AMC 12A Problems

Success on the AMC 12A hinges on a combination of strong foundational knowledge and strategic problem �solving

tactics. Below are proven strategies that align with the 2013 exam’s demands.

1. Read the Question Carefully and Identify the Core Problem

Begin by parsing the question. Identify what is being asked, the given constraints, and any hidden assumptions.

Many AMC problems hide the main challenge within a lengthy description. Highlighting the key variables and

constraints can prevent misinterpretation.

2. Work Backwards from the Desired Result

When the problem involves a target value (e.g., find the smallest integer satisfying certain conditions), consider

working backward. This often reveals a necessary condition that can simplify the search space.

3. Use Symmetry and Invariance

Many AMC problems exploit symmetrical properties or invariants that remain unchanged under certain operations.

Identifying these can reduce complexity dramatically. For example, a geometry problem might remain invariant

under reflection, allowing you to consider a simpler configuration.

4. Apply the Pigeonhole Principle Wisely

In combinatorial contexts, the pigeonhole principle can be a powerful tool. It often guarantees the existence of a

particular arrangement or property. Recognize when the number of items exceeds the number of categories to

apply this principle effectively.

5. Leverage Modular Arithmetic for Number Theory

When dealing with divisibility or congruence problems, convert the problem into modular equations. The Chinese

Remainder Theorem, in particular, can resolve seemingly intractable systems of congruences.

6. Time Management: Triage Questions

Allocate your time based on difficulty. Attempt the first 10 questions quickly, as they are typically solvable within 2–3

minutes each. Reserve more time for the later, more challenging questions. If you’re stuck on a problem, move on

and return if time permits.

Sample Solutions to Selected 2013 AMC 12A Problems

Below, we provide detailed solutions to three representative problems from the 2013 exam. These examples

illustrate how the aforementioned strategies can be applied in practice.

Problem 1: Algebraic Functional Equation



Question:Find all functions \\( f: \\mathbb{R} \\to \\mathbb{R} \\) such that for all real numbers \\( x \\) and \\( y \\),\n\

\[\nf(x + y) + f(x - y) = 2f(x)f(y).\n\\]\n

Solution:

Let’s analyze the functional equation step by step.

1.  Set \\( y = 0 \\): This gives\n  \\[\n  f(x) + f(x) = 2f(x)f(0) \\implies 2f(x) = 2f(x)f(0).\n  \\]\n  Thus, \\( f(0) = 1 \\) or \

\( f(x) = 0 \\) for all \\( x \\). The constant zero function satisfies the equation, so one solution is \\( f(x) \\equiv 0 \\).

2.  Assume \\( f \\) is not identically zero. Then \\( f(0) = 1 \\). Now set \\( x = y \\) to obtain\n  \\[\n  f(2x) + f(0) = 

2f(x)^2 \\implies f(2x) = 2f(x)^2 - 1.\n  \\]\n  This recursion resembles the double �angle formula for cosine: \\( \\cos(2\

\theta) = 2\\cos^2(\\theta) - 1 \\).

3.  Propose a solution of the form \\( f(x) = \\cos(kx) \\). Substitute into the original equation:\n  \\[\n  \\cos(k(x+y)) 

+ \\cos(k(x-y)) = 2\\cos(kx)\\cos(ky).\n  \\]\n  Using the sum �to �product identities, the left side simplifies to\n  \\[\n  2\

\cos(kx)\\cos(ky),\n  \\]\n  which matches the right side. Thus, any function \\( f(x) = \\cos(kx) \\) satisfies the 

equation for any real constant \\( k \\).

4.  Consider hyperbolic cosine. The hyperbolic cosine satisfies a similar identity:\n  \\[\n  \\cosh(k(x+y)) + \

\cosh(k(x-y)) = 2\\cosh(kx)\\cosh(ky).\n  \\]\n  Hence, \\( f(x) = \\cosh(kx) \\) is also a solution.

5.  Conclusion. The complete set of solutions is\n  \\[\n  f(x) \\equiv 0,\\quad f(x) = \\cos(kx),\\quad f(x) = \

\cosh(kx),\n  \\]\n  for any real constant \\( k \\). All these functions satisfy the original functional equation.

This solution demonstrates how recognizing trigonometric identities can unlock the path to the answer.

Problem 2: Geometry – Area of a Polygon Inside a Circle

Question: A regular hexagon is inscribed in a circle of radius \\( R \\). What is the area of the hexagon?

Solution:

We can solve this problem using a combination of geometry and trigonometry.

1.  Divide the hexagon into six congruent equilateral triangles. Each side of the hexagon equals the radius of the 

circle because the vertices lie on the circle.

2.  Compute the area of one equilateral triangle. For an equilateral triangle with side length \\( R \\), the area 

is\n  \\[\n  A_{\\triangle} = \\frac{\\sqrt{3}}{4} R^2.\n  \\] \n  This follows from the formula \\( \\frac{1}{2} \\times \

\text{base} \\times \\text{height} \\), where the height is \\( \\frac{\\sqrt{3}}{2} R \\).

3.  Multiply by six. The total area of the hexagon is\n  \\[\n  A_{\\text{hex}} = 6 \\times A_{\\triangle} = 6 \\times \

\frac{\\sqrt{3}}{4} R^2 = \\frac{3\\sqrt{3}}{2} R^2.\n  \\]

Thus, the area of the regular hexagon inscribed in a circle of radius \\( R \\) is \\( \\frac{3\\sqrt{3}}{2} R^2 \\).

Problem 3: Number Theory – Chinese Remainder Theorem

Question:Find the smallest positive integer \\( n \\) such that\n\\[\nn \\equiv 3 \\pmod{5}, \\quad n \\equiv 4 \

\pmod{7}, \\quad n \\equiv 5 \\pmod{9}.\n\\]

Solution:

We solve the system of congruences using the Chinese Remainder Theorem (CRT).
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