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Lesson Plan: The Harmony of Space & Sound

Subject Integration: Mathematics (Geometry, Algebra), Architecture & Design, Music Theory &
Practice

Student Age: 16

Focus: This lesson moves beyond memorization to focus on the application and creative synthesis of
mathematical principles in artistic disciplines. The goal is to discover the universal language of
proportion that connects architecture, design, and music.

Materials Needed

e Text/Videos: A Theory of Proportion in Architecture & Design, with Steve Bass (Parts |, Il, 1ll)
¢ Music Book: Hanon-Faber The New Virtuoso Pianist

e Math Books: AOPS Pre-Algebra, AOPS Introduction to Algebra

¢ Piano or Keyboard

e Graph paper (1/4" scale is ideal)

¢ Pencils and an eraser

¢ Ruler and/or triangle

¢ Calculator

e A computer or tablet for brief research/viewing

e Optional: Blank sheet music paper

1. Learning Objectives
By the end of this lesson, you will be able to:

¢ Analyze and explain how a single mathematical concept, like a ratio, can be expressed
visually in architecture and aurally in music.

¢ Apply the Pythagorean theorem and algebraic principles to solve a practical design problem.

¢ Synthesize concepts of proportion, harmony, and pattern to create a small, original work that
integrates both design and music.

¢ Articulate the connections between finger dexterity exercises (Hanon), musical harmony, and
mathematical sequences.

2. Lesson Activities & Procedure
Part I: The Hook - What Do a Building and a Song Have in Common? (15 minutes)

1. Opening Question: Let’s start with a puzzle. What is the hidden connection between the
Parthenon in Athens, a Nautilus shell, and the musical interval of a Perfect 5th on the piano?

2. Brief Review: Quickly revisit the core idea from the Steve Bass videos: the Golden Ratio (Phi,
~ 1.618). Discuss where you've seen it.

3. Algebraic Connection: Open your AOPS Algebra book. The Golden Ratio is not just a pretty
number; it's the positive solution to the quadratic equation x2 - x - 1 = 0. Using the quadratic
formula, solve this equation to prove that one of its solutions is (1 + v5) / 2. This is a direct,
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tangible link between an ancient design principle and pure algebra.
Part II: The Sound of Geometry (25 minutes)

1. Pythagoras at the Piano: The ancient Greeks, including Pythagoras, discovered that
consonant musical intervals (notes that sound pleasant together) are based on simple whole-
number ratios.

o An Octave (C to the next C) has a frequency ratio of 2:1.

o A Perfect Fifth (C to G) has a frequency ratio of 3:2.

2. Hands-On Application:

o Go to the piano. Play a C, then the G above it. Listen closely to that "open" and "stable"
sound. That is the sound of a 3:2 ratio.

o Now, find the F above the C. This is a Perfect Fourth, with a ratio of 4:3. Notice how it has
a slightly different emotional quality.

o Consider the Pythagorean theorem. A right triangle with sides 3 and 4 has a hypotenuse
of 5 (a 3-4-5 triangle). The ratios between these lengths (3:2, 4:3, 5:4) form the basis of
Western harmony!

3. Connecting to Hanon: Look at one of your Hanon exercises. Notice it's not random; it's a
precise mathematical pattern of ascending and descending notes. As you play it, don't just
think about your fingers. Think about it as performing a mathematical sequence. How does the
pattern create a sense of order and progression, much like the columns on a Greek temple?

Part IlI: Creative Synthesis Project - The Architect-Composer (45-60 minutes)

This is where you bring everything together. Your task is to design a small studio space where
architecture and music live in harmony. Choose one of the two options below.

Option A: The Musical Room

1. Design the Floor Plan: On graph paper, design a simple rectangular floor plan for a
"Musician's Studio." The key constraint: the ratio of the room's length to its width must be
either the Golden Ratio (=1.618:1) or the Perfect Fifth ratio (3:2). For example, a
3:2 room could be 15 feet by 10 feet.

2. Apply Pythagoras: Use the Pythagorean theorem to calculate the exact length of the
room's diagonal. Mark it on your floor plan. This isn't just a math problem; architects and
builders use this constantly to ensure walls are perfectly square ("square" means 90-
degree corners).

3. Compose the "Room's Theme": Now, compose a simple 8-bar melody that reflects the
room's proportion.

o If you chose the 3:2 ratio, your melody should prominently feature the interval of a
Perfect Fifth.

o If you chose the Golden Ratio, your melody could be more free-form but should
strive for a sense of "ideal" balance and beauty.

4. Deliverable: A neat, labeled floor plan and a performance of your 8-bar melody on the
piano.

Option B: The Architectural Score

1. Select a Piece: Choose a short musical piece you know well. This could be a section from
a piece you are practicing, or even a Hanon exercise.
2. Create a "Blueprint": Instead of writing the music on a staff, you will create a "graphic
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score" or a visual blueprint of the music on graph paper. You must use the principles from
the Bass videos to guide your drawing.

o Represent time moving from left to right.

o Use columns, shapes, and lines to represent musical ideas. A strong, repeating
chord progression could be a series of solid columns. A fast, light melody could be a
thin, wavy line. A crescendo (getting louder) could be a shape that expands.

o The proportions of your drawing must be deliberate. If one section of the music is
twice as long as another, its visual representation on your blueprint should also be
twice as long. Use your ruler to be precise.

3. Annotate Your Design: Briefly write notes on the side of your blueprint explaining why
you made certain visual choices (e.g., "l used a Golden Rectangle here because this
musical phrase feels perfectly balanced.").

4. Deliverable: The finished architectural score, with annotations.

4. Closure and Reflection (10 minutes)
Let's discuss your project and the connections you've discovered:

¢ Which connection was most surprising to you—the one between algebra and design, or the one
between geometry and music?

¢ How did thinking about the math *behind* the art change your experience of designing the
room or drawing the music?

¢ Look around the room you are in right now. Can you speculate on the proportions used in its
design? Do you "hear" any music in its structure?
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