6.3 – Working with nets of 3D shapes (cylinder), Surface area of rectangular prisms and cylinders, 
Lateral face, Slant height, Pyramid height

Curriculum Outcomes:

C36
explore, determine, and apply relationships between perimeter and area, between surface area and volume
D1
determine and apply formulas for perimeter, area, surface area, and volume
D13
demonstrate an understanding of the concepts of surface area and volume
E1
explore properties of, and make and test conjectures about, two- and three-dimensional figures
E2
solve problems involving polygons and polyhedra
E8
use inductive and deductive reasoning when observing patterns, developing properties, and making conjectures
Surface Area
The surface area of any polygon is simply the total area of all the outer edges of the object. An example would be a covered box. This box would have six outer edges – top, bottom, front, back, and two sides. To calculate the surface area of the box, the area of these surfaces would have to be determined.








To calculate the surface area of the box, the following formula would be used: 

S.A. = 2 (L × w) + 2 (w × h) + 2 (L × h)

Another way to examine the surface area of a box would be to see the net diagram of this shape.









These net diagrams can also be produced by using a kit “Folding Geometric Shapes” sold by Spectrum. The folding shape is inside a clear plastic container of the original shape and it can be unfolded to reveal the net diagram.

Here are some other shapes with their net diagrams and a look at how the surface area of each is calculated.

Cube:   


The net diagram shows that a cube consists of 6 squares. Therefore the surface area can be calculated be using the formula: S.A. = 6 (s2)
Cylinder: 





Cone:


Sphere:


Examples:

1. Calculate the surface area of each of the following:

a)   



b)   


c)  


d)    


2. A storage tank is cylindrical in shape with a diameter of 4.8 m and a height of 15 m. The outside and top of the tank must be painted.

a. What is the surface are to be painted?

b. If one litre of paint covers 11 m2, how many litres will be needed?

Solution 2:

a) 
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3. A company has discovered a new material for making playing balls. The materials cost $0.03/cm2. How much will it cost to produce a ball with a diameter of 16 cm?

Solution 3:
diameter = 16 cm

( radius = 8.0 cm

                                                                    S.A. = 4πr2
                                                                    S.A. = 4(3.14)(8 cm) 2 

                                                                    S.A. = 4(3.14)(64 cm) 

                                                                    S.A. = 803.84 cm2
Cost: 803.84 cm2 × $0.03/cm2 = $24.1152

Cost = $24.12

Exercises:
1. Calculate the surface area of each of the following:




2. A paving company is painting 100 of its pylons florescent orange. Each pylon  

     is cone –shaped with a diameter of 36 cm and a slant height of 64 cm. If the    

    entire surface area of each pylon is painted, what is the total surface area of all  

    the pylons?

3. If one litre of paint covers 13m2 of surface area, how many litres are needed to paint a rectangular room that measures 6.2m by 5.6 m by 2.4 m? (Note: only walls and ceiling are painted).

Cube – Net Diagrams

One way for students to better understand surface area is to allow them to explore net diagrams of various shapes. A net diagram is a picture or a model that represents a shape that is unfolded and placed on a flat surface. Some shapes have more than one net diagram. A cube, for instance, has eleven.

Polydrons are interlocking plane pieces (manipulatives) that can be used to represent net diagrams of shapes that have straight edges. These can be used to do the following activity.

Activity: Surface Area

Pass out sheets of grid paper and the 6 polydron squares needed to form a cube. Show students a cube, that when folded forms the diagram below. 



Now shade in the shape on your grid paper.


Using the polydrons, see if you can find 10 more net diagrams that will represent a cube. Draw each net diagram on the grid paper. Remember: Build it, fold it, draw it.

You may also pass out the following sheets (nets) if polydrons are not available. Students should then see if they can find 10 more net diagrams that will represent a cube. Draw each net diagram on the grid paper. Remember: Cut it, Build it (fold it), draw it.

Extension: This activity can be extended to a Square Pyramid and a Triangular Prism.













Activity: Surface Area

Teacher’s Notes:
This activity can be done using the squares from a set of polydrons. If these are not available, the net diagrams should be photocopied onto cardstock. The students can then cut out each net diagram and try to fold it to form a cube. Students may work in pairs to complete the activity. Present the 24 net diagrams to the students and allow them to discover which ones form a cube.

Background Information: (This may be presented before the activity or it may be presented through discussion upon completion).


A cube (square prism) is a common shape and is familiar to all students as a playing die. It consists of 6 squares and has 12 equal edges.

Each net diagram consists of squares. Eleven of these will form a cube. All acceptable nets will have 14 edges and 6 squares. Nets, like diagram 2, have fewer than 6 squares and will not form a cube. Some nets that consist of 6 squares will not form a cube because 2 of the squares will overlap. This happens when four squares share a vertex (diagram 13), when 2 squares lie on the same side of a centre row of squares (diagram 3), and when more than 4 squares occur in a row (diagram 4). The surface area of a cube is equal to the total area of the net.

Diagrams 5, 6, 8, 9, 11, 15, 16, 18, 21, 22, 23 all represent a cube.

Answers: Use 3.14 for π.
1. a) Diameter = 9 cm

S.A. = 2πr2 + 2πrh

        Radius = 4.5 cm

S.A. = 2(3.14)(4.5 cm) 2 + 2(3.14)(4.5 cm)(18 cm)

        C = πd



S.A. = 635.85 cm2
        C = (3.14)(9.0 cm)

S.A. = 636 cm2
        C = 28.26 cm

b) Radius = 6.4 cm

S.A. = πr2 + πrs

    slant height = 11 cm
S.A. = (3.14)(6.4 cm) 2 + (3.14)(6.4 cm)(11 cm)





S.A. = 349.67 cm2




S.A. = 350 cm2
c) length = 2.6 m    

S.A = 2(L × w) + 2(L × h) + 2(w× h)

    width = 1.8 m    

S.A. = 2(2.6 m × 1.8 m) + 2(2.6 m × 0.8 m) + 

    height = 0.8 m 


2(1.8 m  × 0.8 m)

    



S.A. = 16.4 cm2




S.A. = 16 cm2
d) diameter = 7 cm

S.A. = 4πr2 + πrs

       Radius = 3.5 cm

S.A. = 4(3.14)(3.5 cm) 2 





S.A. = 153.86 cm2




S.A. = 154 cm2
2.

                                                Diameter = 36 cm

Radius = 18 cm



  



slant height = 64 cm

                                                       S.A. = πr2 + πrs

       S.A. = (3.14)(18 cm) 2 + (3.14)(18 cm)(64 cm)





       S.A. = 4634.64 cm2




       S.A. = 4635 cm2
Total surface area of 100 pylons = 4635 cm2 × 100 = 463 500 cm2.


S.A = 2(L × w) + 2(L × h) + 2(w× h)

S.A. = 1(6.2 m × 5.6 m) + 2(6.2 m × 2.4 m) + 2(5.6 m  × 2.4 m)

S.A. = 91.36 cm2

S.A. = 91 cm2

Litres of Paint
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Therefore seven litres of paint are needed to paint the room.
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A cube has all sides equal in length.
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A cylinder consists of two circles and one rectangle. The area of a circle is found by using the formula A = πr2 and the area of a rectangle is the product of its length and width.





The circumference of the can is the length of the rectangle and the height of the can is the width of the rectangle. The length of the rectangle is C = πd or C = 2πr since the diameter of a circle is equal to two radii. The surface area of the cylinder can be calculated by using the formula: S.A. = 2πr2 + 2πrh or 


S.A. = 2πr2 + πdh.





r





s





A cone consists of one circle and a curved surface that has a slant height (s).





The net diagram of a cone resembles a fan. To calculate the surface area of a cone, the following formula is used: 


S.A. = πr2 + πrs





r





The surface area of a sphere is simply the area of the four circles:


S.A. = 4πr2 





Solution 1a:


diameter = 12 cm


radius = 6 cm 





2 circles (top and bottom)


1 rectangle (outer part)





C = 2πr


C = 2 (3.14) (6 cm)


C = 37.68 cm





12 cm





22 cm





S.A = 2πr2 + 2πrh


S.A. = 2 (3.14) (6.0 cm) 2 + 2 (3.14) (6.0 cm) (22 cm)


S.A. = 226.08 cm2 + 828.96 cm2


S.A. = 1055.04 cm2





Solution 1b:


radius = 7.2 cm 


slant height – 12.6 cm





1 circle (top)


1 outer part











7.2 cm





12.6 cm





S.A = πr2 + πrs


S.A. = (3.14) (7.2 cm) 2+ (3.14) (7.2 cm) (12.6 cm)


S.A. = 447.64 cm2





24 cm





15 cm





18 cm





Solution 1 c:


length = 24 cm 


width = 18 cm


height = 15 cm





6 rectangles (top and bottom, front and back, 2 ends)











S.A = 2(L × w) + 2(L × h) + 2(w× h)


S.A. = 2(24 × 18) + 2(24 × 15) + 2(18× 15)


S.A. = 864 cm2 + 720 cm2 + 540 cm2


S.A. = 2124 cm2





26.4 cm





Solution 1d:


diameter = 26.4 cm 


radius = 13.2 cm











S.A = 4πr2


S.A. = 4(3.14) (13.2 cm) 2 


S.A. = 2188.45 cm2





diameter = 4.8 m


radius = 2.4 m 





2 circles (top and bottom)


1 rectangle (outer part)





C = 2πr


C = 2 (3.14) (2.4 m)


C = 15.07 m





4.8 m





15 m





S.A = 2πr2+ 2πrh


S.A. = 2 (3.14) (2.4 m) 2 + 2 (3.14) (2.4 m) (15 m)


S.A. = 262.25 m2





Approximately 24 litres of paint will be needed.
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This is a net diagram.
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2.4 m
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