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Objective To fin d the surface area of a pyramid and a cone 
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~ MATHEMATICAL ' 
\::&} PRACTICES 

°- Lesson 
Vocabulary 

• pyramid 
(base, lateral 
face, vertex, 
altitude, height, 
slant height, 
lateral area, 
surface area) 

• regular pyramid 
• cone 

(base, altitude, 
vertex, height, 
slant height, 
lateral area, 
surface area) 

• right cone 

The Solve It involves the triangular faces of a roof and the three-dimensional figures 
they form. In this lesson, you will learn to name such figures and to use formulas to fi nd 
their areas. 

Essential Understanding To find the surface area of a three-dimensional figu re, 
find the sum of the areas of all the surfaces of the figure. 

A pyramid is a polyhedron in which one face (the base) can 
be any polygon and the other faces (the lateral faces) are 
triangles that meet at a common vertex ( called the vertex of 
the pyramid). 

~----Vertex 

You name a pyramid by the shape of its base. The altitude of a 
pyramid is the perpendicular segment from the vertex to the 
plane of the base. The length of the altitude is the height h of 
the pyramid. 

A regular pyramid is a pyramid whose base is a regular 
polygon and whose lateral faces are congruent isosceles 
triangles. The slant height e is the length of the altitude of a 
lateral face of the pyramid. 

In this book, you can assume that a pyramid is regular unless 
stated otherwise. 

Lateral 
edge - - La tc , al face 

t\ltitude 

Hexagonal pyramid 

Square pyramid 

Base edge 

51:in t 
height 
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The lateral area of a pyram ·ct . l1 
1 is le sum f .h lateral faces . You can find a r . 0 t e areas of the con · ·· c ormula for th 1 gruent by looking at its net. · .e atcral area of a pyramid 

L.A. = 4( ½sf) The area of e h I 1 ac ateral face is - s.f. 
1 C 2 ,. = i 4s) e ommu,tative and Associative 

- 1 Properties of Multiplication 
- 2 pe The perimeter P of the base is 4s. 

To find the surface area of a PY ·ct . · ram1 , add th f • lateral area. e area O its base to its 

- ~ ... . --·- - ~-

Theorem 11-3 Lateral and Surface Areas of a Pyramid 
1 The lateral area of a regular pyram· d . h lf h • 1 is a t e product of the 

perimeter p of the base and the slant height e of the pyramid. 

L.A.= ½pe 
The surface area of a regular pyramid is the sum of the lateral 
area and the area B of the base. 

S.A. = L.A. + B 

~ j#-fol§11ii Finding the Surface Area af a Pyramid 
What is the surface area of the hexagonal pyramid? 

S.A. = L.A. + B Use the formula for surface area. 
] (' + 1 = 2. p 2ap 

= ½(36)(9) + ½( 3v'3)(36) 

= 255.5307436 

Substitute the formulas for L.A. and B. 

Substitute. 

Use a calculator. 

The surface area of the pyramid is about 256 in.
2

. 

/ 

B 

l-- 6 in . - 1 

~ ~ Got It? 1. a. A square pyramid has base edges of 5 m and a slant height of 3 m. What is 
the surface area of the pyramid? 

b. Reasoning Suppose the slant height of a pyramid is doubled. How does 
this affect the lateral area of the pyramid? Explain. 

When the slant height of a pyramid is not given, you must calculate it before you can 
find the lateral area or surface area. 



► 

Why is a new 
diagram helpful for 
finding the slant 
height? 
The new diagram shows 
the information you need 
to use the Pythagorean 
Theorem. 

(@),mfi@,,fj Finding the Lateral Area of a Pyramid 

Socii:11 Sturl ie\ The Pyramid of Cestius is located 
in Rome, haly. Using the dimensions in the figure 
below, what is the lateral area of the Pyramid 
of Cestius'{ Round to the nearest square meter. 

• The height of the pyramid 
• The base Is a square with a side length of 30 m. 
• t::,ABC is right, where AB is the slant height. 

The slant height 
of the pyramid 

Find the perimeter of the base. 
Use the Pythagorean Theorem to 
find the slant height. Then use the 
formula for lateral area. 

Step 1 Find the perimeter of the base. 

p = 4s Use the formula for the perimeter of a square. 

= 4 • 30 Substitute 30 for s. 
= 120 Simplify. 

Step 2 Find the slant height of the pyramid. 

BC is the height . 
of the pyramid. 

B 

8 

CA is the apothem of the base. 
Its length is 32° m, or 15 m. 

I 
36.4 fTI I 

The slant height is the length 
of the hypotenuse of right 
6.ABC, or AB. 

I 

~--c 15 m A 

e = v' CA2 + BC2 Use the Pythagorean Theorem. 

= v' 152 + 36.42 Substitute 15 for CA and 36.4 for BC. 

= \ / l 5~ l.9(1 Simplify. 

Step 3 Find the lateral area of the pyramid. 
1 L.A.= 2,,r Use the formula for lateral area. 

= ½( l 20) \ f l s ,1 ~l .~)(i Substitute 120 for p and v'~15-49c:-:.9=6 for e · 
~ 2362.171882 Use a calculator. 

The lateral area of the Pyramid of Cestius is about 2362 m2. 

~ ~ Got It? 2. a. What is the lateral area of the hexagonal pyramid at 
the right? Round to the nearest square foot. 

b. Reasoning How does the slant height of a regular 
pyramid relate to its height? Explain. 
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Like a pyramid, a cone is a solid that has one base and a vertex that is not 

in the same p]ane as the base . Howeve r, the base of a con e is a circle. In ~1 mt 
8 right cone, the altitude is a pe rpendicular segrnent from th e vertex hPight 

10 the center of th e ba~c . Th e height his tl1e length of th e alt itud e. The 
slant height f is th(' dista nce from the vertex to a point 

0 11 
the edge of 

th e base. In this book, you can assurt1c tha t a con e is a r ight cone unless 
stated or pictu red otherwise. Pi;ir,":' 

- Vertex 

, · ttitude 

Th(-' lateral area is half the circu mference of the base limes the slant hejgh.1. 1he formulas 
for the lateral area and surface area of a cone are similar to those for a pyramid. 

· Theorem 11 ·4 Lateral and Surface Areas of a Cone 

1be lateral area of a right cone is half the product of the 

circumference of the base and the slant height of the cone. 

1 
L.A. = 2 • 21Tr • e, or L.A. = 1Tre 

Toe surface area of a cone is the sum of the lateral area and the 
area of the base. 

S.A. =L.A.+ B 

(@l §@,fj Finding the Surface Area of o Cone 

What is the surface area of the cone in terms of n? 

S.A. = L.A. + B Use the formula for surface area. 

= 7Trl + 1Tr2 Substitute the formulas for L.A. and B. 

= '7T(l5)(25) + '1T(l5)2 Substitute 15 for rand 25 for e. 

= 375'7T + 225'7T 

= 6001T 

Simplify. 

The surface area of the cone is 60011' cm2, 

B 

~ Got It? 3. The radius of the base of a cone is 16 m. Its slant height is 28 m. What is the 
surface area in terms of 1T? 

By cutting a cone and laying it out flat, you can 

see how the formula for the lateral area of a cone 
(L.A. =½ • Chase • f ) resembles that for the 
area of a triangle (A= ½bh). 



~ , I finding the La teral Area of a Cone ~ 

Whe1 is the problem 
asking you to find? 
The problem i5 asking 
you to find the area that 
the filter paper covers 
This 1s the lateral area of 
a cone 

CIMniiti v In a chemistry lob experiment, you use the conical fi lter 
funill'' shown at the right. How mud1 filter paper do you need to 

lin t" the funnel '? 

·th r top pilrt of the f111111 cl has 1hc shape of a cone with a diameter of 

fl() mrn and a height of 45 111 m. 

L. A. = rrn 

= 1T/' \ I 

= 1r( 4o)( v 402 + 452 ) 

= 7565.957013 

Use the formula for lateral area of a cone. 

To find the slant height, use the 
Pythagorean Theorem. 

Substitute ! · 80, or 40, for rand 
45forh. 

Use a calculator. 

You need about 7566 mm2 of filter paper to line the funnel. 

@ ~ Got It? 4. a. What is the lateral area of a traffic cone with radius 10 in. and height 
28 in.? Round to the nearest whole number. 

f{:J Lesson Check 

Do you know HOW? 
Use the diagram ofthe square 
pyramid at the right. 

1. What is the lateral area of the 
pyramid? 

2. What is the surface area of the 
pyramid? 

Use the diagram of the cone at the 
right. 

3. What is the lateral area of the 
cone? 

4. \Nhat is the surface area of the 
cone? 

b. Reasoning Suppose the radius of a cone is halved, but the slant height 
remains the same. How does this affect the lateral area of the cone? Explain. 

Sm 

l-4ft-·1 

~ MATHEMATICAL 
Do you UNDERSTAND? ~ PRACTICES 

@ 5. Vocabulary How do the height and the slam heighr 
of a pyramid differ? 

@ 6. Compare and Contrast How are the fo rmulas fa'. 
the surface area of a prism and the surface area ol a 

pyramid alike? How are they different? 

@ 7. Vocabulary How many lateral faces does a p~ran~d 
aJ? n-s1ded have if its base is pentagonal? Hexagon · 

@ 8. Error Analysis A cone 

has height 7 and 
radius 3. Your classmate 

calculates its lateral 
area. What is your 
classmate's error? 
Explain. 

~ ~ .nrf . . :: 3)(7) 

:: 21TT 
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j . e and Problem-Solving Exercises Ir.!;:,,. ~~'t:i:'t1CE1 , prad•' ~ 

' find the surface area of each pyramid to the nearest whole number, 

),practice 9_ &1 1n. 10. 
~ , 

-
/ ,, 

I' 

12 in . 

4m 

Find the lateral area of each pyramid to the nearest whole number. 

12. 

13. ~ 8 cm , : , 
--- -·s - - < -,,,-

10 cm 

12 m 
5 ✓3cm 

11. 

14. 

4m 

15. Social Studies The original height of the Pyramid of Khafre, located next to the 

Great Pyramid in Egypt, was about 4 71 ft. Each side of its square base was about 

708 ft. What is the lateral area, to the nearest square foot, of a pyramid with those 
dimensions? 

~ Se c Problem 1 . 

_., See Problem 2. 

Find the lateral area of each cone to the nearest whole number. 

16. 

T 
~ See Problems 3 and 4. 

QA.Pply 

26 in . 

1 
17.4 : _ 4.5 m 

- - 1- -_ _ f l _ 
4m 

18. 

Find the surface area of each cone in terms of 1T. 

19. 20. 21. 

1 2 CIT! 

fr.s:;. 2 · h f the Great Pvramid. Which route \'3 2. Reasoning Suppose you could chmb tot e top o , · . 

would be shorter, a route along a lateral edge or a route along the slant height of a 

side? Which of these routes is steeper? Explain your answers. 

· The lateral area of a cone is 4.87T m. . era rns is · · 23 
. 2 Th ct· , · 1 2 in Find the slant height. 

- .. .. - _, f A eas of Pyramids and Cones 
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Practice and Problem-Solving 
Excercises 

9. 408 in.2 

10,. 138 m2 

11. 179 in .2 

12. 204 m2 

13. 354 cm2 

14. 51 m2 

15. 834,308 ft2 

16. 1044 in. 2 

17. 31 m2 

18. 47 cm2 

19. 1441T cm2 

20. 331r ft2 
21. 1191r cm2 

713 

22. Slant height; slant height; the slant 
height is shorter because it is one 
leg of a rt. '6. with the lateral edge 
as the hypotenuse, and it is steeper 
because it rises the same vertical 
distance for a shorter horizontal 
distance. 

23. 4 in. 
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