
AMC 8 Training: Triangles

October 29, 2025

Angle Chasing

In the diagram below, line L and line L′ are parallel (meaning that they don’t intersect), while
line T (called the transversal), cuts through them both. For any such set of parallel lines with a
transversal, ∠a (read as ”angle a”) must be the same size as ∠e.

Exercises

1. Show that ∠b = 180◦ − ∠a

2. Show that ∠b = ∠c,∠a = ∠d,∠e = ∠h,∠g = ∠f

3. Conclude that ∠a = ∠d = ∠e = ∠h, and 180◦ − ∠a = ∠b = ∠c = ∠f = ∠g

4. Any pair of non-adjacent angles formed by the intersection of two lines is called a pair of
”vertical angles”. By your reasoning in Exercise 2, show that any pair of vertical angles is
equal.

Triangle Basics

Perimeter: The perimeter P of a triangle is the sum of the lengths of its sides. Another important
related value is the semiperimeter, often denoted s, which is simply P/2.
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Area: The most well-known area formula for triangle area is 1
2bh, where b is the length of the

base of a triangle, and h is the height corresponding to that base. This formula can be derived
from the corresponding formula for a parallelogram, since any triangle can be doubled to create a
parallelogram.

Another useful formula is called Heron’s Formula:

K =
√
s(s− a)(s− b)(s− c)

where a, b, c are the lengths of the sides of the triangle, and s is the semiperimeter. The semiperime-
ter is simply half of the perimeter

Angles: The sum of the internal angles of a triangle is always 180◦.

Exercises

1. Find d in terms of only a and c.

2. What is the area of quadrilateral ABCD if AC = 10, BD = 25, and ∠AED is a right angle?

3. What is the area of quadrilateral ABCD if ∠AED is a right angle? Answer in terms of AC
and BD.

4. What is the area of a triangle with side lengths 13, 14, 15?

2



Triangle Congruence and Similarity

Congruence

Two triangles are congruent if all of their corresponding sides and angles are equal. Congruence
guarantees that the triangles are the same shape and size.

Triangle Congruence Rules

• SSS (Side-Side-Side): All three sides of one triangle are equal to all three sides of another.

• SAS (Side-Angle-Side): Two sides and the included angle are equal.

• ASA (Angle-Side-Angle): Two angles and the included side are equal.

• AAS (Angle-Angle-Side): Two angles and a non-included side are equal.

• HL (Hypotenuse-Leg for right triangles): The hypotenuse and one leg match.

Note: The following do not prove triangle congruence: AAA, SSA.

Similarity

Two triangles are similar if they have the same shape, but not necessarily the same size. Their
corresponding angles are equal and their sides are proportional.

Triangle Similarity Rules

• AA (Angle-Angle): Two pairs of equal angles guarantee similarity.

• SSS∼ (Side-Side-Side Similarity): All three pairs of sides are proportional.

• SAS∼ (Side-Angle-Side Similarity): Two proportional sides and the included angle are equal.

Proportion Reminder

If △ABC ∼ △DEF , then
AB

DE
=

BC

EF
=

AC

DF

Also

Area(△ABC)

Area(△DEF )
=

(
AB

DE

)2

Exercises

1. Determine whether the following triangles are similar or congruent, and state the rule used:

(a) ∠A = ∠D, ∠B = ∠E, AB = DE

(b) AB : DE = BC : EF = CA : FD

(c) AB = DE, BC = EF , ∠B = ∠E
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2. A triangle has side lengths 5, 6, 7. A second triangle has side lengths 10, 12, 14. Are they
similar or congruent?

3. A triangle △ABC has area 1. C ′ is the midpoint of AB, A′ is the midpoint of BC, and B′

is the midpoint of AC. What is the area of △A′B′C ′?

4. In △ABC, ∠A = 90◦. D lies on BC such that ∠BDA = 90◦. Prove that BD ·DC = AD2.

5. (Challenge-Optional) Use the following diagram and triangle similarity to prove the Angle
Bisector Theorem. That is, BA

AC = BI
IC

Note that ∠BAI = ∠CAI, and both ∠BGA and ∠CHA are right.

Pythagorean Theorem

A triangle is a right triangle if one of its internal angles has measure 90◦.
The Pythagorean Theorem states that a triangle is a right triangle iff its sides a, b, c, a ≤ b ≤ c,

satisfy
a2 + b2 = c2.

We also have:

• c2 < a2 + b2 for acute triangles

• c2 > a2 + b2 for obtuse triangles

Pythagorean Triples are triples of integers, (a, b, c), which satisfy a2 + b2 = c2. Here are
some:

(3, 4, 5), (5, 12, 13), (7, 24, 25), (8, 15, 17), (9, 40, 41), (11, 60, 61), (12, 35, 37)

Special Right Triangles:

• 45◦-45◦-90◦: 1 : 1 :
√
2

• 30◦-60◦-90◦: 1 :
√
3 : 2

Examples

1. Two sides of a right triangle have lengths 4 and 5. What is the product of the possible third
sides?

2. In quadrilateral ABCD, ∠B = 90◦, AC ⊥ CD, AB = 18, BC = 21, CD = 14. Find the
perimeter.
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Exercises

1. What is the area of △ABC if AC = 13, AB = 15, and DC = 5?

2. Rectangle ABCD, AB = 3, BC = 9. It is folded so that A meets C. Find EF in simplest
radical form.

3. (2021 AMC 10A #13) Find the volume of a tetrahedron with the given edges: AB = 2,
AC = 3, AD = 4, BC =

√
13, BD = 2

√
5, CD = 5?

4. (2021 AMC 10B #21) Square ABCD is folded such that corner C now touches edge AB at
point C ′, with C ′D = 1/3. After folding, corner B ends up at position B′. Lines B′C ′ and
ADintersect at point E. Find perimeter of △AEC ′.

Trigonometric Functions

For angle θ in a right triangle:

sin θ =
opp

hyp
, cos θ =

adj

hyp
, tan θ =

opp

adj
.

Area formula:

K =
1

2
ab sinC

Law of Sines:
2K

abc
=

sinC

c
=

sinA

a
=

sinB

b

Law of Cosines:
c2 = a2 + b2 − 2ab cosC

Examples

1. In △ABC, AB = 13, BC = 14, AC = 15. P lies on BC with AP ⊥ BC. Find BP .

2. In △ABC, AB = 13, ∠A = 75◦, ∠B = 45◦. Find perimeter and area. (drop a perpendicular
from A to side BC).

Exercises

1. In △ABC, ∠B = 3∠C. If AB = 10 and AC = 15, compute BC.

2. (2019 AMC 12A #19) In△ABC with integer side lengths, cosA = 11
16 , cosB = 7

8 , cosC = −1
4 .

Find the smallest possible perimeter.

5



3. (2001 AIME #4) In triangle ABC, angles A and B measure 60◦ and 45◦, respectively. The
bisector of angle A intersects BC at T , and AT = 24. Find the area of ABC.

4. (2017 AMC 10B #19) Let ABC be an equilateral triangle. Extend side AB beyond B to a
point B so that BB = 3 · AB. Similarly, extend side BC beyond C to a point C ′ so that
CC = 3 ·BC, and extend side CA beyond A to a point A so that AA = 3 ·CA. What is the
ratio of the area of △ABC ′ to the area of △ABC?

Extra Problems

Exercises

1. (2011 AMC 10B #13) Two real numbers are selected independently at random from the
interval [−20, 10]. What is the probability that the product of those numbers is greater than
zero?

2. In the diagram below, there are three circles for radius 1, centered at J , K, and L. The
circles intersect each others’ centers as shown. What is the area of region JKL?

3. (1998 AIME #9) Two mathematicians take a morning coffee break each day. They arrive
at the cafeteria independently, at random times between 9 a.m. and 10 a.m., and stay for
exactly m minutes. The probability that either one arrives while the other is in the cafeteria
is 40%, and

m = a− b
√
c

where a, b, c are positive integers, and c is not divisible by the square of any prime. Find
a+ b+ c.

4. How many ways are there to cover a 10-by-10 grid with 1-by-4 tiles?

5. (2004 AIME I #10) A circle of radius 1 is randomly placed in a 15-by-36 rectangle ABCD so
that the circle lies completely within the rectangle. Given that the probability that the circle
will not touch diagonal AC is m

n , where m and n are relatively prime positive integers, find
m+ n.
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