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     3-D Castle Creations
Introduction

This lesson can be used in the middle school classroom once the idea of proportions has been established. In order to complete this activity students will need to be familiar with the basic geometric shapes such as square, circle, triangle, rectangle, etc. They must also be familiar with the area for these objects, proportions and basic measurement. 
NYS-MST Standards

· 7.PS.10 Use proportionality to model problems

· 7.R.8 Use representation as a tool for exploring and understanding mathematical ideas

· 7.G.3 Identify the two-dimensional shapes that make up the faces and bases of three-dimensional shapes (prisms, cylinders, cones, and pyramids)

NCTM Standards

· Visualize, represent, and transform two- and three dimensional shapes.
· Use maps and scale drawings to represent real objects or places
· Use units to give meaning to measurements
Objectives   Following the conclusion of this lesson, students will be able to:

· Look at a 2-dimensional shape and determine what it would look like in 3 dimensions

· Construct a net for a 3-dimensional object and determine the object’s surface area

· Create a real-life polyhedron using the nets that they created
Instructional Protocol
Before the lesson starts, each group will need: Pencil, ruler, scissors, clear tape, construction paper (we found that poster board works best), and a marker. Students will follow as the teacher explains a net, while providing examples of each kind. Once students understand how to make a net, they will break up into groups and create their own complex 3D polyhedra, just like the teacher’s ‘castle’. The students will be given a checklist of procedures and guidelines to make sure they are gaining the content intended in the lesson.
Teacher Resources  Below are some helpful websites that can be used in the classroom to aid your students in their understanding of nets and 3D geometry

· http://www.mathsnet.net/geometry/solid/nets.html
· http://www.learner.org/interactives/geometry/3d.html
How to make a net

Here are some basic instructions on how to make a net for a 3-D object, or a polyhedron. Below you will find examples of some of the more basic 3D geometric solids and the nets for them.

The first step in making a net is to draw a sketch of the finished object you want to create. Consider the following 
questions: How many faces will it have? How long will each edge be? What will be the shape of each face? At what angle will the faces meet the base? From the angle you can see the object, draw the edges with a solid line. For edges in the back (that you cannot see), use a dotted line. Be sure to make the sketch proportionally smaller than the finished object. (1 inch = 4 inches, for example)

Once you have a good idea of what you want to build start to take the object apart in your head. In your next sketch, draw the base of the object. What are the dimensions of the base? Surface area? Remember that this is still a smaller sketch, a blueprint, of the finished object, so the drawing is still proportionally smaller to the original.

Next, picture the faces that are touching the base. If the faces were laying down, what would they look like? What part of the faces would be touching the base? What are their dimensions? Surface area? What is the angle of the edge on the base and its adjacent edge? Draw them so that one edge is connected to the base. Remember that you are folding the net, so what will happen if you fold along the edges of the base?

Continue sketching what will be attached to each edge of each face. When your scale drawing is complete you may want to cut it out around the perimeter and fold it along the edges to make sure the finished object is what you wanted. If not, you will have to use some problem solving techniques to get the final product you want.

An example using these steps:

1) Draw a sketch of the object with edge lengths. Calculate the surface area of each face. The faces meet the bases at a 90( angle.
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Cursive letters represent faces in the back. B is for bottom base and T for the top base. Note that faces A, C, F, E and D are rectangles. In a prism, all faces (except the bases) are parallelograms. We found it easiest to construct a parallelogram with four right angles.
	Face
	Area

	A
	9.32

	B
	8.17

	C
	6.16

	D
	12.54

	E
	8.32

	F
	9.32

	T
	8.17


To find the surface area of B and T, place B on a rectangle such that all points touch an edge of the rectangle. Find the area of the rectangle and the area of the triangles created between the rectangle and B. Subtract the area of the triangles from the area of the rectangle to find the area of B.

2) Draw the base by itself.

[image: image2.png]154




3) The faces that are touching the base are E, F, C, A and D.
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There is one more piece we need to attach, the top. Note that the top will be connected to faces E, F, C, A and D by means of edges, but you only need to attach it to one of them.
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This is the net for the object we sketched. We found the surface area because we want to know how much paper we will need to create it.

Examples of Nets

Here are a few examples of nets.

Cube
The most basic net is the cube. By definition, a cube is a regular solid having six congruent square faces. There are many different ways to construct a cube net. A few examples are:
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Right N-sided polygon Prism

A prism is a polyhedron with two congruent bases (a bottom and a top base) that are connected by faces that are parallelograms. A right prism is a prism where the parallelogram faces connect to the base at a 90( angle. With this object, you choose the shape of your base (with as many sides as you want). All faces of the prism are congruent in size and shape, except the bases which are congruent to each other. We name the prism based on the shape of its base.

For example, a 4 sided prism would look like this: (What else can you call this)?
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We already did a right 5-sided polygonal prism in the first example.
Pyramid (square bottom)

A pyramid is fairly easy to construct, however there is a trick to getting it exactly the way you want it. Let’s say you want a pyramid that is 2 inches high. This means you want the apex to be 2 inches above the base.
Let’s say this is the pyramid we want to make. It has a square base with side length 2 inches, and we want it to be 2 inches tall as well:
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Figure 1

This means the altitude OE is 2 inches tall:
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Figure 2

On the net we have:

DC = 2 in.
CB = 2 in.
AB = 2 in.
DA = 2 in.
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Figure 3

Now, looking at figure 2, we need to find OC first and then find the length of edge EC. From figure 3 we see that [image: image11.png]


. Since Triangle ADC is a right triangle, we can use the Pythagorean Theorem to find AC: [image: image13.png]AC=+8=22



, and, [image: image15.png]


. This is approximately [image: image17.png]


 inches. So, using the Pythagorean Theorem on triangle EOC in figure 2, we find that EC is [image: image19.png]


 or about [image: image21.png]


inches. Then, note on figure 3 that CE is one of the sides of triangle CEB. When drawing the triangle it is easiest to draw it by finding the altitude from, for example, E to CB (which is [image: image23.png]


, or about [image: image25.png]


 inches). Other than these calculations, the building of the net is similar to the other shapes.
Cylinder

A cylinder is comparable to a prism except that the bases are circles. As a result, the cylinder is constructed with three pieces, the bases (top and bottom) and one face that wraps all the way around.
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For the cylinder all you need to know is the radius of the base of the circle you are using. Let’s use a circle with a radius of 2 inches. Here is a net of a cylinder:
Figure 4
We know the radius of the circle is 2 inches, but we need to know its circumference. This is because the circumference of the circle is the length of one of the sides of the rectangle shown in figure 4. The equation for the circumference of a circle is [image: image28.png]


, so the circumference of the circles here is [image: image30.png]


, or about 12 inches. 

Cone

The construction of a cone is fairly simple and it depends on what you want its height and radius to be. Similar to how we found the measurements of the pyramid, we will use the same strategy for the cone.
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If we want this cone to be 2 inches high, we use the radius of the base circle and the height of the cone AB to find the length of AC. If the radius BC is 1 then AC is [image: image33.png]


 or about [image: image35.png]


 inches. 

The net for a cone varies depending on the radius of the base and the height of the cone. As a general rule, start by making a circle that has a radius equal to AC. In our case, it would have a radius of [image: image37.png]


 inches. We will call this circle V. For the face of the cone, we only need a sector from circle V. To determine the size of the sector we can set up a proportion. First we find the circumference of circle V, in our case it is about 14.137 inches. Then we find the circumference of the base circle, this is about 6.14. We need part of circle V that has an arc length of 6.14. The easiest way to do this is to determine what angle we can use on circle V that will give us that arc length. Well, we know that 14.137 inches in directly related to 360 degrees of a circle, so how many degrees is 6.14 of the same circle? This is where we use the proportion.
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So we need to cut a sector of circle V at a about a 156 degree angle.

[image: image41.png]


 
The net, for this example, looks like this: 
Now that we have the background information for nets and 3D geometry, it is time to test your knowledge. Follow the specific guidelines that follow to construct your own 3D creation!

Name ___________________________
Blueprints for Your Very Own “Castle”

Before we start folding, here are some restrictions and requirements that each group must follow in order to complete the project successfully. Use these guidelines and the attached worksheet to complete your project.

1. You must use a minimum of 4 different nets. 
2. The entire building cannot exceed 18 inches in length, width, and height. So, the largest your structure can be is 18’ x 18’ x 18’. (Sorry, but we do not have an endless supply of construction paper!) You must plan ahead and account for all the objects you will be placing on top of each other.

3. Sketch your 3D object in the space provided. For clarity, use dotted lines for the unseen edges.

4. Using the given examples of nets, create the nets that will eventually fold up into your 3D object. Draw these on a separate sheet of paper.

· DRAW IT TO SCALE! This means you must use proportions, and all nets should fit on a single sheet of paper.

Steps for drawing each net:

a) Start with the base

b) Draw the faces that are connected to the base (pay attention to the angle at which they connect).

c) Draw additional pieces that do not touch the base, but do touch other faces.

· Include the dimensions for each net. Be sure to include your scale on the net, so someone else can figure out how big the real object is. Record dimensions in the table on the following page.
· You may use the examples for help and ideas.
5. Determine the surface area for each net, with labels, and record them in the table.

	Face
	Dimensions (in inches)
	Surface area (in inches2)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


6. Once you have the small-scale version of the net completed, transfer it to full-scale on the construction paper provided. 

7. Use the marker to darken all edges. This will help when you go to cut and fold the nets.

8. Cut out the net. Be sure not to cut on a folding line!

9. Write the dimensions of all sides with the marker on the full scale version.

10. Begin folding! Use the clear tape to connect the faces of your polyhedra.
You will be graded on creativity, the use of multiple nets, and whether you included all required information in the planning process. If you have any questions about what is expected, refer to these notes, or ask for assistance!

Teacher’s Checklist for Grading Project (50 points)


Group members ___________________________________________

Group used a minimum of 4 different nets

_____ / 5 points

Model fits size restriction



_____ / 5 points

Project includes initial sketch of 3D object

_____ / 5 points

Group included scale on small version of nets

_____ / 5 points

Dimensions on small scale drawing


_____ / 5 points

Surface Area included and correct


_____ / 10 points

Labels on full scale nets



_____ / 5 points

Nets appear to be folded accurately


_____ / 5 points

Final project matches the initial sketch

_____ / 5 points

Total Group Score




_____ / 50 points
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