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3D Geometry Solutions

2D Geometry Review

Two-dimensional shapes have a perimeter and an area.

Perimeter is the length of the outline of a shape.

Area is the surface the shape covers and is measured in units squared (unit2).

Try to fill out the formulas for the perimeter P and area A of some common 2-D figures.

P = 4s P = 2(l + w)

A = s2 A = lw

P = 2(a+ b) P = a+ b+ c+ d

A = bh A = h( b+d
2

)



P = a+ b+ c P = 2πr

A = bh
2

A = πr2

Try it yourself

Find the perimeter and area of a parallelogram with side lengths a = 4 cm, b = 6 cm, and

height h = 3 cm.

Solution:

P = 2(a+ b) = 2(4 + 6) = 20 cm

A = bh = 6× 3 = 18 cm2

Example

A factory in Waterloo mass produces dice to be used in various different board games. In

how many ways can the factory package 12 pairs of dice (on top of one another and/or

side-by-side) so they are arranged in a box like package?

Solution: Well since there are 12 pairs of dice, we are dealing with 24 individual die. Since

the factory wants to package them in a box-like figure, we need 3 dimensions: length, width

and height. To find the different ways the 24 die can be arranged

in these 3 dimensions, we need to find all the factors of 24. The

different combinations of 3 are: (1, 1, 24), (1, 2, 12), (1, 3, 8),

(1, 4, 6), (2, 2, 6), and (2, 3, 4). The 3 factors in each combination

represent the three dimensions of the packaging. So, these 6

combinations are all the different possibilities of how the factory can package their dice in a

box-like figure.
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Volume of 3D Figures

The volume of a 3D object is how much space the object takes up. Volume is measured in

cubed units (or units cubed). For example, cm3 or m3.

Volume of Prisms

Definition: A prism is a 3D figure with two parallel, congruent, polygon-shaped faces that

are called bases. Can you identify the name of each of the prisms below?

Cube Triangular Prism Rectangular Prism

To find the volume of a prism we use the following formula:

V = Area of the base× Height

Example:

Toblerone has a new packaging for their mini chocolate bars, but needs to know the exact

volume to determine how many mini chocolate bars they can fit inside. Find the volume of

the new toblerone packaging.

Solution: We can see that the package is a triangular prism since the bases are triangles.

To find the volume of this triangular prism, first we have

to calculate the area of the triangle.

Area of Triangle:
b×h
2

= 6×8
2

= 48
2

= 24 cm2

Now, we can multiply the area of the triangle by the

“height” of the package.

V = Area of the base× Height

V = 24× 15 = 360 cm3
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Surface Area of 3D Figures

The surface area of a 3D figure is the sum of the areas of all of its faces and curved surfaces.

The surface area of any figure is measured in square units (or units squared).

SA of a prism = (2× Area of Base) + (h× Perimeter of Base)

Rectangular Based Prism:

Base Shape: Rectangle with dimensions length “l” and width “w”

Area of base: l × w
Perimeter of base: 2(l + w)

Surface Area: 2lw + 2(l + w)h

Volume: l × w × h
Note: A cube is a rectangular based prism with l, w, and h the

same length, thus the formula would become SA = 6w2

Example

Find the surface area of a rectangular prism with w = 5 m, l = 8 m, and h = 3 m.

Solution:

Surface Area:

2lw + 2(l + w)h

= 2(5)(8) + 2(5 + 8)(3)

= 80 + 78 = 158 m2

Circular Based Prism:

Base Shape: Circle with radius “r”

Area of base: πr2

Perimeter of base: 2πr

Surface Area: 2πr2 + 2πrh

Volume: πr2h

Example

Find the surface area of a cylinder with r = 4 cm and h = 8 cm.

Solution:

Surface Area:

2πr2 + 2πrh

= 2π(4)2 + 2π(4)(8)

= 32π + 64π

= 96π cm2
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Triangular Based Prism:

Base Shape: Triangle with base “b”, height “h”, and sides “S1”, “S2”, and “S3”

Note: H represents the “height” of the entire prism and h represents the height of the base

Area of base: b×h
2

Perimeter of base: S1 + S2 + S3

Surface Area: bh+ (S1 + S2 + S3)H

Volume: b×h
2
×H

Example

Find the surface area of an equilateral triangular

prism with b = 25mm, h = 11mm, and H = 10mm

Solution: Surface Area: bh+ (S1 + S2 + S3)H

Since the base is an equilateral triangle, we know all sides are equal.

Hence S1 + S2 + S3 = b

= (25)(11) + (25 + 25 + 25)(10)

= 275 + 750

= 1025 mm2

Volumes of Pyramids and Cones

A cone is a 3D figure that has a circular base and a rectangular face that wraps around the

circumference of the base into a point, called a common vertex.

The volume of a cone is: V = 1
3
πr2h

A pyramid is a 3D figure that has a polygonal base, and triangular faces that meet at a

common vertex.

The volume for a pyramid is: V = 1
3
× Area of the Base× Height
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Examples:

Find the volume of each 3D figure below.

Solution:

V = 1
3
πr2h

= 1
3
π × (6)2 × (11)

= 132π = 414.69 cm3

V = 1
3
× Area of the Base× Height

= 1
3
× 4× 5× 7

= 140
3

= 46.67 cm3

Surface Area of Cones and Pyramids

Definition: The slant height, s, of a triangular face of a pyramid is the height of the triangle,

running from the base to the common vertex. This is different from the height as shown

below on the Square Based Pyramid.

You can calculate the slant height using the Pythagorean Theorem

h2 + ( b
2
)2 = s2
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The surface area of a pyramid is equal to the area of the base plus the area of each triangular

face that meets at the common vertex. The area of each triangular face is equal to its slant

height times the length of the side of the base.

SA = Area of Base + Area of Triangular Faces

For a cone, the slant height is the length of a line from the common vertex to any point on

the edge of the circular base. For a cone,

SA = πrs+ πr2

Examples:

Find the surface area of each 3D figure below.

Cone Regular Pentagonal Pyramid

Solution:

s =
√

(42 + 32) = 5

SA = πrs+ πr2

= π(3)(5) + π(3)2

= 15π + 9π

= 24π = 75.40 cm2

SA = Area of Base + Area of Triangular Faces

The base is a regular pentagon, with side length 8 m.

The pentagon can be broken into 5 equal triangles with base 8 m and height 5.5 m.

Thus the area of one triangle is = 8×5.5
2

= 22 m2.

The 5 triangular faces have base 8 m and slanted height 12 m, so area = 8×12
2

= 48 m2.

Thus, SA = 5(22) + 5(48) = 350 m2.
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Volume and Surface Area of Spheres

A sphere is a 3D figure whose surface is at all points

equally distant from the center. This distance from

the center of the sphere to the surface is called the radius.

The formula for the volume of a sphere is:

V = 4
3
πr3

The formula for the Surface Area of a sphere is:

SA = 4πr2

Example

Nike is making a new basketball and needs help calculating how much material it will take

to create it if it needs to have a radius of 12 cm.

Solution:

SA = 4πr2 = 4π122 = 1809.56 cm2

They will need 1809.56 cm2 of material to create the basketball.

How much air will it take to inflate the basketball?

Solution:

V = 4
3
πr3 = 4

3
π123 = 7238.23 cm3

Therefore it will take 7238.23 cm3 of air to inflate the basketball.
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Problem Set

1. Refer to example 1 in the handout. If each mini chocolate bar has a length of 6 cm,

width of 3 cm, and height of 4 cm, how many mini chocolate bars could Toblerone fit

inside its new packaging?

Solution:

Area of Triangle: b×h
2

= 3×4
2

= 12
2

= 6 cm2

V = Area of the base× Height

V = 6× 6 = 36 cm3

360÷ 36 = 10

Therefore, they can fit 10 mini bars inside the packaging.

2. A rectangular prism of volume 1188 mm3 has a rectangular base of length 12 mm and

width 9 mm. Find the height h of the prism.

Solution:

V = lwh, so 1188 = 12× 9× h. Therefore, h = 11 mm.

3. The area of one square face of a cube is equal to 64 cm2. Find the volume of the cube.

Solution:

V = w3, where w =
√

64 = 8. Therefore, V = 83 = 512 cm3.

4. The triangular base of a prism is a right triangle of sides a and b = 2a. The height h

of the prism is equal to 8 mm and its volume is equal to 128 mm3, find the lengths of

the sides a and b of the triangle.

Retrieved from http : //www.analyzemath.com/Geometry/3Dshapesproblems.html

Solution: V = Area of the base× Height

128 mm3 = a×b
2
× h

128 mm3 = a×2a
2
× 8

128
8

= a2

16 = a2

a =
√

16 = 4

a = 4, b = 2a, b = 2(4) = 8
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5. A construction company is building a new U-shaped building with a volume of 858 m3,

find x so that the workers can know how large to build those walls.

Retrieved from http : //www.analyzemath.com/Geometry/3Dshapesproblems.html

Solution: We can think of the given shape as a larger rectangular prism of dimensions

12 m, 6 m and 16 m from which a smaller prism of

dimensions x, x and 6 m has been cut.

Hence the volume V of the 3D shape is given by

V = lwh− (x× x× 6)

858 = (12× 6× 16)− (x× x× 6)

858 = 1152− 6x2

6x2 = 1152− 858 = 294

x2 = 49

x =
√

49 = 7 m

6. The company now wants to use a red brick on the front and two sides of the building

in question 5. Find out how much brick the company will need to do this.

Solution:

First find the surface area of the two sides:

SA = 6× 16 = 96 m2

Multiply by 2 since there are 2 sides, 96× 2 = 192 m2.

Now find the surface area of the front of the building by splitting it into three sections

SA = (16× 2.5) + (9× 7) + (16× 2.5) = 143 m2

Combine the two totals:

Total SA = 192 + 143 = 335 m2.

Therefore the company will need 335 m2 of brick to cover the front and two sides of

the building.
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7. Find the volume and surface area of the following figure

Solution: V = Area of the base× Height

= (Area of the rectangle + Area of the triangle)× height

= [(8× 3) + ( (8×2)
2

)]× 12

= (24 + 8)× 12

= 384 cm3

SA = Area of the two bases + Area of the 5 sides

Area of base = 32× 2 = 64 cm2

Area of 4 equal sides = (12× 3)× 4 = 144 cm2

Area of large side = 8× 12 = 96 cm2

SA = 64 + 144 + 96 = 304 cm2

8. Calculate the amount of metal needed to make 8 cylindrical cans with a diameter of 8

cm and a height of 12 cm.

Solution:

SA = 2πr2 + 2πrh

= 2π42 + 2π4× 12

= 32π + 96π = 128π ≈ 402.12 cm2 for one can

Thus for 8 cans, 402.12× 8 = 3217 cm2 of metal is needed.

9. What is the volume of the nut shown below? The nut has a regular hexagon base, with

a circle cut out. (Hint: A regular hexagon can be split up into 6 identical equilateral

triangles.)
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Solution: First find the volume of the entire shape and subtract the volume of the

cut out cylinder.

Volume of the hexagonal prism = (15×13)
2
× 6× 6 = 3510 mm3

Find the volume of the cylinder

V = πr2h = π72 × 6 = 294π mm3

Total volume = 3510− 294π ≈ 2586.37 mm3

10. The area of the floor of a rectangular room is 195 m2. One wall is a rectangle with

area 120 m2 and another wall is a rectangle with area 104 m2. If the dimensions of the

room are all integers, what is the volume of the room?

Solution:

1560 m3, the length of each side is 8 m, 15 m, and 13 m.

11. A rectangular prism has a volume of 3696 cm3. The length is 12 cm, and the width is

14 cm. What is its surface area?

Solution:

The height is 22 cm. The surface area is 1480 cm2.

12. The side length of a square pyramid is 10 m and the height is 12 m. The peak of the

pyramid lies directly above the centre of the base. What is the surface area of the

pyramid?

Solution:

Slant height can be found using Pythagorean theorem, 52 + 122 = 169, thus s = 13 m.

SA = (10× 10) + (10×13
2

)× 4 = 360 m2

13. A new pill is formed through attaching two hemispheres to the ends of a cylinder with

a height of 610 mm and radius r. If the volume of the tablet is equal to the volume of

a cone of height 189 cm and radius r, find the value of r in mm.

Solution:

The volume of the tablet is 4
3
πr3 + 610πr2.

The volume of the cone is 1
3
1890πr2.

These two volumes are equal, so 4
3
πr3 + 610πr2 = 630πr2.

Solving for r, r = 15 mm.

14. A soup company is given 4000 cm2 of aluminum to make a case of 12 soup cans. Their

ideal soup can will have a radius of 4 cm and a height of 11 cm.

Page 12



a) Will the company be able to make the 12 soup cans with the amount of aluminum

provided?

b) If not, what is the maximum height each soup can can have in order to make all of

the soup cans with only 4000 cm2 of aluminum (assuming the company still wants

the radius of the cans to be 4 cm)?

Solution:

(a) No, they would need approximately 4524 cm2 of aluminum.

(b) The maximum height is approximately 9.26 cm.
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