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The Geometry of Shadows: Mastering Right-
Triangle Trigonometry

Lesson Overview

In this lesson, students will transition from simple Pythagorean theorem applications to the world of
Trigonometry. By the end of the session, they will be able to determine the height of any object—a tree,
a house, or a flagpole—using only a measuring tape, a simple angle-finding tool, and the power of
ratios.

Learning Objectives

¢ Identify the Hypotenuse, Opposite, and Adjacent sides of a right triangle relative to a given
angle.

¢ Define and apply the trigonometric ratios: Sine, Cosine, and Tangent (SOH-CAH-TOA).

¢ Use inverse trigonometric functions to find unknown angles.

¢ Solve a real-world "Indirect Measurement" problem by calculating the height of an unreachable
object.

Materials Needed

Scientific calculator (with Sin, Cos, Tan functions)

Measuring tape (at least 25 feet preferred)

A "Clinometer" (can be homemade using a protractor, a straw, a piece of string, and a small
weight like a washer)

Notebook and pencil

A sunny day (for shadow work) or a tall object (tree, building, or basketball hoop)

Success Criteria

¢ | can correctly label all three sides of a right triangle based on the reference angle.

¢ | can choose the correct ratio (Sin, Cos, or Tan) based on the information provided.

¢ My final height calculation for the outdoor object is within a 10% margin of error of the actual
height.

1. Introduction: The Hook (10 Minutes)

The Scenario: Imagine you are an engineer tasked with installing a new Wi-Fi transmitter on top of the
tallest tree in your yard or the tallest point of your building. You need to know exactly how much cable
to buy, but you can't climb the tree to measure it. How can you find the height while standing safely on
the ground?

Discussion: Ask the student, "What do we already know about triangles?" (Target answer: Pythagorean
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Theorem). Explain that while $a~2 + b™~2 = ¢~ 2$ is great, it requires us to know two sides.
Trigonometry allows us to find everything using just one side and one angle.

2. Body: Content and Practice (40 Minutes)

Part A: The "I Do" - Identifying the Players

Draw a right triangle on a piece of paper. Pick one of the non-90-degree angles and label it $\theta$
(Theta).

e Hypotenuse: Always the longest side, opposite the 90-degree angle.
e Opposite: The side directly across from angle $\theta$.
¢ Adjacent: The side next to angle $\theta$ (that isn't the hypotenuse).

The Secret Code: SOH-CAH-TOA

e Sine = Opposite / Hypotenuse
¢ Cosine = Adjacent / Hypotenuse
e Tangent = Opposite / Adjacent

Part B: The "We Do" - Guided Practice
Work through two problems together:

1. Finding a Side: A ladder leans against a wall at a 60° angle. The base of the ladder is 5 feet from
the wall. How high up the wall does the ladder reach?
o ldentify: We have the Angle (60°) and the Adjacent side (5ft). We want the Opposite side
(height).
o Choose: Which ratio uses O and A? (Tangent).
o Solve: $Tan(60™\circ) = x / 5%. Therefore, $x = 5 \cdot Tan(60"\circ)$.
2. Finding an Angle: If a 10ft pole casts a 10ft shadow, what is the angle of the sun?
o ldentify: Opposite is 10, Adjacent is 10.
o Solve: $Tan(\theta) = 10/10 = 1$. Use the inverse function: $Tan™{-1}(1) = 45" \circ$.

Part C: The "You Do" - The Shadow Mission (Active Learning)
Step outside to a tall object (e.g., a tree or the house).

1. Measure the Distance: Use the tape measure to walk away from the object. Stop at a set
distance (e.g., 20 feet). This is your Adjacent side.

2. Measure the Angle: Use the clinometer. Look through the straw at the top of the object. Have a
partner read the angle on the protractor. (Note: Subtract from 90 if using a standard protractor).
This is your Angle $\theta$.

3. Calculate: Use the Tangent ratio ($Tan(\theta) = \text{Height} / \text{Distance}$) to find the
height of the object.

4. The "Human Factor": Remind the student they measured from their eye level! They must add
their own height to the final result to get the true height of the object.
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3. Conclusion: Closure and Recap (10 Minutes)

e Summary: Have the student explain SOH-CAH-TOA back to you in their own words.

¢ Reflection: Ask, "When would Sine be more useful than Tangent in a real-world job?" (Example: A
pilot calculating descent path where they know the distance of the flight path/hypotenuse).

e Takeaway: Math isn't just numbers on a page; it's a tool that lets us measure things we can't
even touch.

Assessment

e Formative (During lesson): Observe the student's ability to correctly label the triangle sides
during the "We Do" phase.

¢ Summative (End of lesson): The student will submit their "Shadow Mission" worksheet showing
the diagram, the formula used, the calculation, and the final height with units.

Differentiation and Adaptability

¢ For Struggling Learners: Provide a "Formula Triangle" visual aid for SOH-CAH-TOA. Use a
physical triangle cut-out that can be rotated to help identify "Opposite" vs "Adjacent."

¢ For Advanced Learners: Challenge them to find the height of the object using two different
distances from the base (The Double-Tangent Method), which requires solving a system of
equations—common in professional surveying.

¢ Digital Variation: If outdoors is not an option, use a digital clinometer app on a smartphone and
measure objects inside the house or classroom.
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