Right Isosceles Triangles Form a Square,
In Google SketchUp

A right isosceles triangle has two equal sides, and interior angles of 45-45-90. There are many ways to combine
a set of right isosceles triangles into a square, and this project shows a few possibilities. We’ll also look at the
patterns and relationships between edge lengths and areas of adjacent triangles.

Teacher Note: All text that appears in red is for the teacher version only, and does not appear in the student
version.

For this project, it helps to have some basic knowledge of Google SketchUp (though detailed instructions are
provided). In particular, it’s important to know how to zoom and pan the view. If you need more information on
how to get started, and a description of some basic tools, please read 3DVinci’s Getting Started Guide (PDF).

PC users: go to http://www.3dvinci.net/SketchUp_Intro_PC.pdf.
Mac users: go to http://www.3dvinci.net/SketchUp_Intro_ MAC.pdf.

Assemble the Triangles
We’ll start with one right isosceles triangle and use it as the basis to make the rest of the triangles.

1. Open Google SketchUp. If your file contains a person standing on the ground near the origin, click the Eraser
tool and erase him.
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2. From the main menu, choose Camera / Standard Views / Top. Now you’re looking down on the “ground,”
and the word Top appears in the top left corner of the SketchUp window.

3. We’ll start the first isosceles triangle with a single line. Click the Line tool (hotkey: L), and draw a horizontal
line of any length. Press Esc when the line is finished.
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4. Thisline will be copied at a 90-degree angle. First, click the Select tool (hotkey: Space Bar), and click the line

you just drew.
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5. With the line selected, activate the Rotate tool. Place the protractor at the left endpoint of the line.
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6. To establish the angle baseline, click anywhere along the line.

March 2010

www.mathforum.org/sketchup



3DVinci Math Projects Right Isosceles Triangles Form a Square, in Google SketchUp

7. Because we’re copying this line, press (tap, don’t hold) the Ctrl key (PC users) or the Option key (Mac users).
Then move the mouse so that the copied line is straight up, in the green direction. Look in the Angle field at
the lower right corner of the SketchUp window; the angle should be 90 degrees. Click to complete the copy.
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Angle 90.0

If you ever find that you can’t get the angle you want by just moving your mouse, you can always type the angle
(don’t click in the Angle field; just type) and press Enter.

8. Use the Line tool to complete the third edge of the triangle, which fills in the triangle with a face. (If you want
to paint your triangles, click the Paint Bucket tool and open one of the collections of colors or materials.)

9. The third edge you just added (the triangle’s hypotenuse) will be used to create the next triangle. Activate

Select and click this edge.

10. Use the Rotate tool to make a 90-degree copy of this edge, as shown below. (Don’t forget to use the
Ctrl/Option key to make the copy.)

Angle 90,0
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11. Add the hypotenuse for the second triangle (which should be perfectly vertical), and now there are two right
isosceles triangles.

12. Once again, the new hypotenuse will be used to create the next triangle. Select this edge and make a 90-degree
copy (the copied edge should be perfectly horizontal). Then add the new hypotenuse to complete the third
triangle.

I

13. For the next triangle, select the edge indicated below by the red arrow, and copy it 90-degrees to make the
edge indicated by the blue arrow. Add a hypotenuse to this triangle.
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14. Half of the square is already filled in, and there’s just one more triangle needed to complete the square. This
time we already have the hypotenuse of the new triangle, but we need the other two equal-length sides. Start
a line at the point shown below on the left, and hover (don’t click) over the point show below on the right.
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15. Move the mouse straight up until you see red and green “helper lines,” then click to finish the horizontal edge.
Draw one more edge straight down to complete the triangle.
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Is It a Square?

1. The only way to know for sure whether we’ve created a square is to measure its width and height. So from the
main menu, choose Window / Entity Info, which opens the Entity Info window. This is where we can check
lengths and areas.

En!l!y iniu ! !

No Selection g

2. Activate Select and click the vertical edge of the largest triangle. The length of this edge appears in the Entity
Info window.

Entity Info

]

Edge g
Laver:lLaverD , ;I

h Length:| 14.0625"

[ soft | sSmooth

[ Hidden v Cast Shadows

The measurement appears in whatever units are set for your file. You can change the units by choosing Window
/ Model Info and opening the Units page. Decimal units work best for taking measurements, especially when
you're working in Imperial units (feet-and-inches).
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3. The horizontal length of the square can be measured along either the top edge or bottom edge. If you’re going
to use the bottom edge, keep in mind that there are two parts to this edge, and both parts need to be selected.
To select more than one edge at a time, press and hold the Shift key. (If you select a face by mistake, just click
it again to unselect it.) The measurement you get should be the same as the one you got before.

2 Edges E
Layer: |LayerD j
Length:| 14.0625"
I soft [ Smooth
I Hidden v Cast Shadows
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A Square with More Triangles

The square in the previous section was made of five triangles, but you can use different numbers of triangles, as
long as you follow the correct pattern.

Start with the small green triangle shown below on the left side. Add a slightly larger purple, then a slightly larger
green, and keep going until you end with a green. In other words, make an odd number of triangles.

For the second-to-last triangle, select all of the outer edges of the purple triangles (indicated below by the red
arrows). Make a 90-degree copy of the entire line of edges, resulting in the single edge indicated below by the blue
arrow. Finish that triangle, then add the largest triangle to complete the square.
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Patterns of Length and Area

The relationship between edges follows a pattern. What is the relation between the lengths of Edges A and B?
Between Edges B and C?

AJBJ C—/ D—/

Using the Entity Info window and selecting these edges one by one, we can see that each edge is twice as long
as the one directly to the left. Why?

Entity Info = B
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Here’s the solution to the pattern:
For the smallest triangle, the two equal sides have length A. So the hypotenuse is A/ZAZ.
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When you then add the next triangle (purple), the two equal sides have length J2A? . So the hypotenuse of this
triangle is 2A.
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Which means that for the third triangle, the two equal sides have length 2A, twice the length of the side of the first
triangle.

\—P\ \~2A

Now we’ll look at area: what is the relationship between the areas of Face E and Face F? Between Faces F and G?

|
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To measure area, select a face (not an edge) and Entity Info window tells you its area. Each face is four times as
large as the one directly the left. Why?

Entity Info Entity Info

Face Face
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Layer: |Layer|:| Layer: |LayerD

firea:| 7.2261 Inches 2 firea:| 28,9043 Inches 2

| Hidden v Cast Shadows

v Receive Shadows
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I Hidden v Cast Shadows

Iv Receive Shadows
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Going back to what we know, the equal-edge length of each triangle is twice the length of the triangle to the left.
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So the area of the green triangle above on the left is 0.5A2. And the area of the one on the right is 2A2, which is
four times greater than the left triangle’s area.

One last question: If Edge A shown below is 1 unit long, what is the total area of the square?

Aj;jcj D —"

If A=1, then B=2, C=4, and D=8. So the total length of each edge of the square is 15, and its area is 225 square
units.
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You can verify this in SketchUp by setting Edge A to be one unit long. To do this, click the Tape Measure tool.
QC v § 2B IXT
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Click the two endpoints of Edge A, and the measured length will appear as a popup.

Type the number 1, which will appear in the Length field, and press Enter.

Length |1
When asked if you want to resize the model, click Yes.

If your square becomes too large or too small to see, click the Zoom Extents tool to get it back in view.
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Now you can use the Entity Info window to verify the square edge lengths as well as the total area (by selecting
all of the triangles faces).

Entity Info
9 Faces E
‘P Layer: ILayerD ;I
@ .ﬂ.rea:l 225 Inches 2
Entity Info
Edge E
[ Hidden v Cast Shadows
Layer: ILE‘?"'E”:I j ¥ Receive Shadows
Length:| 15.0000" \
[ soft [ smooth
[ Hidden v Cast Shadows
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Try This

There are several ways you can fit right isosceles triangles into a square. Can you make this one? Can you think
of others?

Teachers, Want More?

If you like projects with repeating shapes, you’ll love 3DVinci’s GeomeTricks books on Fractal Patterns:

Fractal Patterns Fractal Patterns
G Book 1 G Book 2
AEOME TRICKS AEOME TRICKS

Repeating Shapes Star Fractals

3DVINCI 3DVINCI

All books are available in print and as printable PDF. For details on GeomeTricks, go to
http://www.3dvinci.net/ccp0-catshow/GM.html.

You can also sign up for our SketchUp Project of the Month subscription. Each month you will receive THREE
FUN PROJECTS (one in math, two in 3D design) that can be used in K-12 classes. Details at
http://www.3dvinci.net/ccp0-prodshow/POM.html.

For subscribers, the math project for March is about using circles and the Rotate tool to make colorful flower
mosaics.
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