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Lesson Plan: The Harmony of Space & Sound
Subject Integration: Mathematics (Geometry, Algebra), Architecture & Design, Music Theory &
Performance

Target Student: 16-year-old homeschool student

Time Allotment: Approximately 3-4 hours, can be split over multiple days

Materials Needed

Computer with internet access for viewing Steve Bass's "A Theory of Proportion" videos
Hanon-Faber 'The New Virtuoso Pianist' book
Piano or keyboard
AOPS Pre-Algebra and/or Introduction to Algebra texts for reference
Graph paper (or plain paper), ruler, compass, and pencils
Calculator
Optional: Music notation software (e.g., MuseScore, a free tool) or blank staff paper
Optional: Simple 3D modeling software (e.g., SketchUp Free)

1. Learning Objectives

By the end of this lesson, the student will be able to:

Analyze the mathematical patterns in a Hanon piano exercise and describe them using
algebraic thinking.
Apply the Pythagorean theorem and principles of proportion (like the Golden Ratio, φ ≈ 1.618)
to create a simple architectural floor plan.
Synthesize concepts from math, music, and design by composing a short musical motif that
corresponds to the proportions of their architectural plan.
Articulate the connections between mathematical ratios, musical harmony, and architectural
aesthetics in a concluding reflection.

2. Introduction: The Hidden Code (30 minutes)

Activity: "From Sound to Structure"

Musical Ratio Warm-up:1.
Sit at the piano. Play a C major chord (C-E-G). Discuss how it sounds pleasing or
"harmonious."
Explain that this harmony has a mathematical basis. The frequency ratios of these notes
are approximately 4:5:6. Harmony is math we can hear.
Play a dissonant chord (e.g., C, C#, F#). Discuss how it sounds tense. The mathematical
ratios here are far more complex.

Visual Ratio Connection:2.
Briefly re-watch a 5-minute segment from Steve Bass's "Theory of Proportion" (Part I or
II) that discusses the Golden Ratio or another key proportional system.
Pose the guiding question for the lesson: "If a building can be 'harmonious' like a
chord, can we use the same mathematical 'code' to build both?"
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3. Main Activity Part I: The Architect's Grid (60 minutes)

Activity: "Blueprint for a Thinking Space"

Review Core Concepts:1.
Pythagorean Theorem: Quickly review a² + b² = c² from AOPS. Emphasize its practical
use: creating perfect 90-degree angles. The classic 3-4-5 right triangle is a perfect
example used by builders for centuries.
The Golden Ratio (φ): Remind the student that φ ≈ 1.618. A Golden Rectangle has
sides in the proportion 1:φ. If the short side is 10 feet, the long side is ~16.18 feet.

Design Task:2.
On graph paper, design the floor plan for a small, single room (e.g., a "Studio for a
Musician," "Reading Nook," or "Meditation Room").
Constraint 1: The main dimensions of the room (length and width) must form a Golden
Rectangle.
Constraint 2: The student must place at least one internal feature (like a built-in desk, a
window, or a dividing wall) using a 3-4-5 triangle to ensure a perfect right angle from a
specific corner.
The student must label the dimensions and annotate the drawing to show where the
Golden Ratio and the Pythagorean theorem were used.

4. Main Activity Part II: The Composer's Pattern (60 minutes)

Activity: "Scoring the Space"

Deconstruct Hanon:1.
Open the Hanon-Faber book to one of the early exercises. Look at the pattern not as just
notes, but as an algorithm.
Ask questions like: "What is the rule for the right hand? Ascend by step, then what? How
does the pattern repeat?" This connects to algebraic sequences from AOPS (e.g., Tn+1 =
Tn + 1). Discuss how technical fluency is built on logical, predictable patterns, just like
math.

Translate Architecture to Music:2.
Return to the "Blueprint for a Thinking Space." The core ratio is φ (1.618). In music, the
interval of a Major Sixth (e.g., C to A) has a frequency ratio of 5:3, which is 1.666... very
close to φ!
Another idea: use the Fibonacci sequence (0, 1, 1, 2, 3, 5, 8...), which is related to the
Golden Ratio, to create a rhythm. For example, a measure could have a quarter note (1),
a quarter note (1), a half note (2), a dotted half note (3), etc.

Composition Task:3.
Compose a short musical piece (8-16 bars) that represents the "feeling" of the designed
room.
Constraint 1: The composition must prominently feature the interval of a Major Sixth to
represent the Golden Ratio.
Constraint 2: The rhythm or structure should use the Fibonacci sequence (e.g., phrase
lengths of 2, 3, or 5 bars; rhythmic patterns based on the numbers).
Notate the composition on staff paper or in software. The goal is not a masterpiece, but a
creative application of the mathematical rules.
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5. Culminating Project & Reflection (30-45 minutes)

Activity: "Presentation of the Harmonious Room"

Share the Creation:1.
The student presents their architectural drawing. They should explain how they used the
Golden Ratio and the Pythagorean theorem in their design.
The student then performs their musical composition on the piano.

Guided Reflection & Discussion:2.
How did using a mathematical framework like the Golden Ratio influence your creative
choices in the design and the music? Did it feel restrictive or did it open up new ideas?
In what ways does your musical piece reflect the character of your architectural space?
Now that you've done this, where else might you look for these deep connections
between math, art, and science? (e.g., patterns in nature, structure of a novel, etc.)

Extension & Further Exploration (Optional)

Go 3D: Build the designed room using SketchUp Free or another simple 3D modeling tool.
Deeper Musical Dive: Research Pythagorean tuning and the "Music of the Spheres." Explore
how historical temperaments were all attempts to solve a mathematical problem in music.
Architectural Analysis: Find a famous building (e.g., the Parthenon, Villa Rotonda) and
analyze its proportions. See if you can identify the geometric principles used by the architect.


