Stained Glass and Algebra
Student Pages
Stained Glass and Algebra
Student Pages
Introduction
This lesson is intended for students in Pre-Algebra and Algebra courses as an introduction to the mathematics and materials science of stained glass.
Stained glass was used to illuminate church windows as early as 700 CE.  During the medieval ages, it was developed into a high art form.  Even today, people are inspired by stained glass windows, both ancient and modern.  These designs are also featured in lamps, mosaics, and other art deco pieces and include the work of famous artists such as American architect Frank Lloyd Wright, Louis Comfort Tiffany, and Charles Rennie Mackintosh. Stained glass, characterized by art glass with geometric designs, often includes bold, linear patterns can be described using the language of mathematics.
Scientists often look for patterns in nature.  One may also see patterns in an identifiable art style.  Artists who embrace design constraints, whether intentionally or subconsciously, will leave patterns in their creations.  This activity involves observing pieces of stained glass, describing them as design constraints, and then attempting to create an appealing work within those constraints.  As a STEAM-integrated extension, students will also learn what types of materials are used in stained glass to give it color.
Logistics
Materials (per team of two or three students):
· Student Pages
· 1 sheet of graph paper (20x30 squares or larger)
· 1 sheet of tracing paper
· 1 sheet of construction paper
· 1 roll of tape
· 1 ruler or straight edge
· 1 computer with internet access
· Colored markers
· Making a Stained Glass Church Window video

Time:  80-100 minutes (may be split over multiple class periods) 
Objectives
· Explore the mathematical design constraints of stained glass.
· Create a piece of stained glass with the use of linear functions.

Supporting Standards
Next Generation Science Standards:
MS-ETS1-1, Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts.
Common Core State Standards for Mathematics:
7.NS.A.3, Solve real world and mathematical problems involving the four operations with rational numbers.
8.EE.C.7, Solve linear equations in one variable.
8.EE.C.8, Analyze and solve pairs of simultaneous linear equations.
HSG.GPE.B.5, Prove the slope criteria for parallel and perpendicular lines and use them to solve geometric problems. 
HSA.CED.A.1, Create equations and inequalities in one variable and use them to solve problems.
HSA.REI.B.3, Solve linear equations and inequalities in one variable, including equations with coefficients represented by letters
Prior Knowledge
This activity will connect with and build upon the following prior knowledge:  
· Basic geometry: lines and line segments
· Parallel and perpendicular lines
· Plotting points on a coordinate plane
· Graphing linear equations in standard form
· Slope and y-intercept
· Writing an equation given two points



Suggested Inquiry Approach 
1. Using a computer and projector, show students images of stained glass windows. Photos may be found with a Google image search using keywords “stained glass windows”. Allow students to make observations, describe the constraints of the designs, and identify mathematical concepts within the art. Students may discuss these observations first with their partners, and then as an entire class.
2. Show students the Making a Stained Glass Church Window video and discuss how these pieces of art are made.
3. To create the perimeter of their window, students will choose an appropriate height and width, draw its outline on graph paper, and add coordinate axes.  
4. Students will then select and graph pairs of horizontal and vertical lines. This will be accomplished in two parts. First, they will select 4 pairs of given equations to graph on their coordinate grid. Students will then make observations about these pairs of equations and their corresponding placement on the graph. 
The following questions may be posed to encourage observations and conclusions:
· What do you notice about the lines formed by these pairs?
· What type of equation results in a horizontal line? Vertical line?
· What is the slope of a vertical line? Horizontal line?
· What can be said about the y-intercepts of vertical and horizontal lines?
· What is the relationship between the pairs of equation and their location to x=0 or y=0?
· Consider how each equation in this activity is paired with a “partner” equation. Given a single equation in slope-intercept form, how would you algebraically represent its “partner” equation?
Students should recognize that each pair of equations result in a horizontal/vertical line and are equidistant from x=0 or y=0.
Finally, students will select 4 tasks from the provided list to write an equation that passes through a specific set of points. Using the “rule” stated above, they will then write the “partner” equation for each completed task. Students will graph these additional 8 horizontal or vertical lines.  
5. Next, students will select three pairs of diagonal lines to add to the design. Students will then make observations about these pairs of equations and their corresponding placement on the graph.
The following questions may be posed to encourage observations and conclusions:
· What do you notice about the lines formed by these pairs?
· What slope values are illustrated by these lines?
· Consider how each equation in this activity is paired with a “partner” equation.  Given a single linear equation in slope-intercept form, how would you algebraically represent its “partner” equation?
Students should recognize that each pair of equations result in perpendicular lines, have negative reciprocal slopes, and have the same y-intercept. 
Finally, students will select 4 tasks from the provided list to write an equation that passes through a specific set of points. Using the “rule” stated above, they will then write and graph the “partner” equation for each completed task. 
6. Placing their tracing paper “glass” over their graph paper and considering the recommended design constraints, students select which line segments they want to actually be a part of the window.  They draw these line segments onto the “glass” and color their design appropriately.
7. As an extension highlighting materials science, students may go to the internet to research what materials were used to add color to glass.  
Debrief Questions
· What linear functions concepts were used in the design of your stained glass window?
· Are mathematical design constraints compatible with artistic creativity?
· Can you think of other arts which employ design constraints?
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Stained glass was used to illuminate church windows as early as 700 CE.  During the medieval ages, it was developed into a high art form.  Even today, people are inspired by stained glass windows, both ancient and modern.

In this activity you will study the mathematics and materials science involved in making stained glass.  Using this knowledge you will create a design similar to those of famous artists including American architect Frank Lloyd Wright, Louis Comfort Tiffany, and Charles Rennie Mackintosh.


Questions:  
· What mathematical principles constrain the designs of stained glass?
· What linear functions concepts are used in constructing a piece of stained glass?
Materials for this Activity:  You and your partner will need:
· A computer with internet access
· 1 sheet of graph paper
· 1 sheet of tracing paper
· 1 sheet of construction paper
· 1 black marker
· 1 roll of tape
· 1 ruler
Procedure:
1. Mathematical Characteristics of Stained Glass
Observe several examples of stained glass windows and view the Making a Stained Glass Church Window video. With your partner, record some observations about the design constraints and mathematical relationships you see.  Describe at least five observations.
What do you notice about the design constraints and mathematical relationships in stained glass window?
· _________________________________________________________
· _________________________________________________________
· _________________________________________________________
· _________________________________________________________
· _________________________________________________________
· _________________________________________________________
As a class, share your observations.  Any valid observations which are not already on your list should be added below:
· _________________________________________________________
· _________________________________________________________
· _________________________________________________________
· _________________________________________________________
· _________________________________________________________
· _________________________________________________________
2. Design
On a sheet of graph paper, you will draw a rectangular frame for your window, roughly in the center of the page.  The rectangle will be 20 units wide and somewhat taller than the width.  Consider your observations above and decide what the proper height should be.  Choose an even number of units.
	Height = _______ units
Draw the rectangle in the center of your graph paper.  This will be the size of your window design.
Draw a coordinate plane with the origin at the center of your rectangle.  Label the x and y axes.
A number of equations are listed below.  They are presented in pairs.  Each pair represents two lines that could be drawn on your coordinate plane.  Choose 4 pairs of equations to graph on your coordinate plane. Circle the eight equations you have selected.
Pick 2 of these pairs:		and 2 of these pairs:
y = 1,  y = -1				x = 0,  x = 0
y = 6,  y = -6				x = 3,  x = -3
y = -10,  y = 10				x = 5,  x = -5
y = 12,  y = -12				x = -7,  x = 7

What do you notice about these pairs of equations?



	Choose 2 of these tasks:

	Task
	“Partner” Equation

	Write an equation of the line which passes through (1,-4) and (7,-4).

_____________________
	

	Write an equation of the line which passes through (7,2) and (1,2).

_____________________
	

	Write an equation of the line which passes through (10,8) and (3,8).

_____________________
	


Now, select 4 tasks from the list below. Solve each task as written. Then, for each equation, find the “partner” equation that would follow the “rules” above. Graph these 8 equations on your graph paper.  
	Choose 2 of these tasks:

	Task
	“Partner” Equation

	Write an equation of the line which passes through (2,-5) and (2,9).

_____________________
	

	Write an equation of the line which passes through (-4,4) and (-4,1).

_____________________
	

	Write an equation of the line which passes through (9,2) and (9,11).

_____________________
	


More equation pairs are listed below.  Select and circle three of these pairs.  Add their lines to your coordinate plane.  
y = 3x + 2,  y = - -x + 2		y = x + 4,  y = -x + 4		y = x + 1,  y = - -x + 1
y = x - 2,  y = - x - 2		y = x - 3,  y = -2x - 3		y = 5x - 5,  y = - x - 5

What do you notice about these pairs of equations?


[bookmark: _GoBack]Now, select 4 tasks from the list below. Solve each task as written. Then, for each equation, find the “partner” equation that would follow the “rules” above. Graph these 8 equations on your graph paper.
	Choose 4 of these tasks:

	Task
	Work
	“Partner” Equation

	Write an equation of the line which passes through (9,-1) and (-3,7).
	
	

	Write an equation of the line which passes through (2,8) and (1, 3).
	
	

	Write an equation of the line which passes through (-2,-3) and (7,-12).
	
	

	Write an equation of the line which passes through (1,-6) and (-7,2).
	
	

	Write an equation of the line which passes through (2,1) and (-4,-2).
	
	

	Write an equation of the line which passes through (0,-6) and (9,-3).
	
	


You should now have a rectangular frame with many lines that intersect in multiple places. Between each of these intersections is a line segment.  Some of these line segments will become part of your stained glass window.  Some will not.  You must decide which line segments give the most pleasing design while considering several design constraints.

4. Tracing Selected Line Segments
Place a sheet of tracing paper over your graph paper.  To keep everything steady, you might use a bit of tape to fix the tracing paper to the graph paper, and the graph paper to your table.
The tracing paper is the “glass” of your window.  Using a black marker and a ruler, trace the outer rectangle of your window.

In selecting which line segments to trace and shapes to form, keep in mind that your window much be aesthetically pleasing and well-engineered. 
Consider these design constraints:
· Hourglass shapes whose ends are wider than the middle are likely to crack at the narrowest part when cut and assembled.
· Thin, long pieces of glass are likely to crack near the point.
· Short, thin pieces are not so likely to be broken during assembly.
· Artists avoid complicated shapes as they are difficult to cut and more likely to fail once placed within the window.
· Lines radiating from a single point create wear areas that area susceptible to breaking.

Now start selecting line segments from your graph paper to trace onto your “glass”.  Use a black marker and a ruler to trace the desired line segments.  You need not actually count them, but using about half of the line segments should give you a good window design.

Once you have finished tracing line segments onto your “glass”, lift it from the graph paper and review your design. Make any additions you think are needed to perfect your design.  

5. Adding Color
Your design has many small geometrical shapes.  Each shape represents a separate piece of glass.  In some stained glass designs, about 75% of the pieces are left clear and uncolored, while in others, they are all colored. 
Decide which pieces of your glass will be colored and in what ways.  Decide what colors you wish to use.  Your palette is restricted to the colored markers you have.  
When you have finished coloring your glass, you may wish to frame it.  Take a sheet of construction paper and cut out an opening of the appropriate size to hold your stained glass.















6. Materials Science Extension
Choose three colors included in your stained glass window and record them in the table below:
	Color
	Materials added to glass which produce this color
	Adverse impacts of using this material

	
	


	

	
	


	

	

	


	



To learn more about how color is used in stained glass pieces, you will do some research to learn what materials are added to glass to give it that color.  You may research both ancient and modern coloring techniques.  Record what you learn in the table above.  Be sure to consider any possible consequences or negative impacts associated with the chosen materials.
To help you find information, several links have been assembled here:
Go to the trackstar.4teachers.org website
Enter the following track number: 458125
Enter the password: FUSION
Select “View in Frames”.
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