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Deriving Area Formuilas -  ACTIVITY 30
Shape Up ' N Cense U

Lesson 30-1 Areas of Rectangles and Parallelograms

sl

| My Hotes

Learning Targets:

® Solve problems using the areas of rectangles, parallelograms, and

composite figures.

® Use coordinates to compute perimeters and areas of figures.

SUGGESTED LEARNING STRATEGIES: Use Manipulatives,

Quickwrite, RAFT

Lisa works in the billing department of A Cut Above, a company that builds

custom countertops and tabletops. A new customer has contracted A Cut

Above to build the tabletops for a theme restaurant, Shape Up.

Each tabletop costs $8.50 per square foot. Lisa’s job is to calculate the area,

compute the charge, and bill each customer properly. The tabletops, made

with laminated wood, are delivered to A Cut Above in different rectangular

sizes. Before there are any cuts, a cardboard template is made to use as a
guide. Lisa uses the templates to investigate the areas. Shown is one of the

templates for which Lisa must find the area.

zl

3/

2/
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1. a. Find the area of this shape. Include units of measure in your answer. [
Describe the method used. D|SCUSS|QH GROUP TIP_S

‘%_«_\_z) divide e Sha o two \’QC"\‘qr\ileS As you work in groups, read the
b. How much should Lisa charge tf:customer for this tabletop? problem scenario cargfully anc‘i

; ] . _ explore together the information

ﬁ\%% J (\ 3)(% .50) =153 provided. Discuss your i
In keeping with the theme of the restaurant, the customer wants to include understanding of the problem and }.
tables in the shapes of triangles, parallelograms, and trapezoids. Lisa decides ask peers or your teacher to clarify
to investigate area formulas by first finding the formula for the area of a any areas that are not clear.
parallelogram. e EepTaan——

2. Use appropriate tools strategically. Use the rectangle provided
by your teacher.

« Pick a point, not a vertex, on one side of the rectangle. Draw a segment

from the point to a vertex on the opposite side of the rectangle.
« Cut along the segment.

+ Put the two figures together to form a parallelogram.

a. Explain why the area of a parallelogram is the same as the area of

rectangle. The  same CXW'\O’»&.T\* 0‘{ pPapey wWasS ||
uSed to creote beodh the rectangld and parlllelogram

b. Critique the reasoning of others. Nelson and R#shid, two ¥

tabletop designers, are discussing how to calculate the area of any

parallelogram. Nelson suggests that they multiply the lengths of two
consecutive sides to find the area, as they do for rectangles. Rashid

claims this will not work. Explain which designer is correct and why.

Rashid §s corvect. To find ¥e area of «

Para\\&p ravn, Y%jou need Yo WS the
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ACTIVITY 30 Lesson 30-1
e Areas of Rectangles and Parallelograms

continued
A ' i I ’ | |[ }IVAWEL‘.’hi-aj-- . )
e g = i 3. A scale drawing of the parallelogram tabletop template is shown below.
Prr% a ,3{- A Determine the charge for making this tabletop. Show the calculations
L \ vl that led to your answer. A B (3) o Q)
TP(%\(?V [JRVE R B % 3?}’25 3f e — .

, | T =4 552
(45 Y350)=
L=t | 33,25 2

Lisa finds the template method somewhat time-consuming and asks Rashid

if there is a different way to determine the measures of the tabletops. Rashid

" S———

“1"°1" tells Lisa that she can use a coordinate plane to determine the perimeter and

£9 The |bace OC‘('\Ci area of a tabletop.

> =

4, A diagram showing a rectangular tabletop is plotted on the coordinate

1 o
1 v\t}ll \\\\ Ty j ‘ plane.
Qeom i rmala] | o y
i \ i Vo {1 — —
Lo L L Bt 2 K"U\g‘r U‘ ;(j-ats)x | of | | :Y @5
= s I i ’ >
‘: e S - e Pl i A ra . | ; |4_. i i
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Eiaw! 1T T TZ(4)2)
! Do
] } | ! i ; X
—6 "—14‘_12’".?‘[\‘ 6
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i ! _!4"“ Fy T _ i i
R !
i !_le | [
[ ‘ P
Y

| ’ Explain how to use the coordinates to find the length and width of the

vinetres = (Q "‘“W\) rectangular tabletop. Then use the dimensions to compute the perimeter and
' ' = ; g area of the tabletop. Show the formulas that you used.
T—— . ™ * 4 . . . ) ~D.
N AL D, To 6\\3~ XY, Subha d’ the Xx- Coﬁ'rd‘.nc&e_g o{: PO AN z
=D ~u‘m4{"3 X and ¢ ,{n‘*“ Y ‘Z» ‘-}'(_5) =77 ¢
SEVNEG ) To fnd ¥Z, subtact e 3“—(.0@:’(‘_\\}'\&"('68‘ of point- =
€q A= ond Poa'r\’\.‘ Z: b2 =3 E
Al gn (1Y 5. Points F(—3, 4), G(2, 2), H(2, —4), and J(-3, - 2) are the vertices of g
parallelogram FGHJ. s
a. Draw the parallelogram on the grid. y §
= \5 “PM = "L?‘C{ & b. Determine the perimeter of the | AN ‘ _]
] =ce B «[‘T,';:‘“ parallelogram to the nearest tenth. b TN e
| 22.8 units T2
1:‘j~: (,, -_4%_2_?«_,1 i Sy T
GH =6 €. What is the area of the parallelogram? ! a\_3 YRR
=26, h=5 —h ]
— 30 SCLU.CXFP_ an (1S | |

434 SpringBoard® Mathematics Geometry, Unit 5 * Extending Two Dimensions to Three Dimensions



© 2015 College Board. All rights reserved.

Areas of Rectangles and Parallelograms £ s N “."' G .

_ Myfotes

Lisa realizes that she can apply what she has learned to determine the
measures of tabletops that are formed using a combination of shapes.

6. A diagram of a custom tabletop is shown. The tabletop is a .composite . f-"l TH TERMS

figure that consists of a rectangle and parallelogram. Lisa needs to 3 I‘}

calculate the cost of the tabletop. A composite figure is made up of
two or more simpler shapes, such
as triangles, rectangles, or i

B parallelograms. The word =l
i composite means made up of
: distinct parts. For example, in
: geology, a composite volcano is |
] made up of alternating layers of ~ §1 |
F 6 ft E lava and rocks. i
———————— =
a. What additional dimension(s) does Lisa need to know in order to he eu | Fo | dolina
find the area of the tabletop? How can she find this? Be sure to use J L
properties or theorems to justify your answer. 0L | ComOnd ‘.\..e- —h\ ure I
) ]

She needs 4o know the hf'ljh"' BD,

ot dhe Pamlcloar—-m EBCD;

BE = 5¢+, “H“zrt(:org b3 Yhe Pj“H’\qjcr'ean =k y ~
ﬂﬂ&or&m BD = Yfeet.
b. What is the cost of the tabletop? Show your work. Sha S | Mgt we
Area of \’e,c‘hm le = dw= S(b) = 30€t"
Brea of pa\’al e\o ram =bh= 3@) 2€+"
T;'_‘R‘ arec -—’—\-2,€

Cost of Habletop = 42(3.50) = 4257

—

NaNE

s — "'_I) pr g, S uwaye =
- e . = s N z
| ;hgck Yoqr I.Ifnderstand:m_.g.. | \l“"-5)'('*' Sk) S 6216

7. Find the area of the composite 4.5 mm d ol ru:'\m o\e = 217 mn

figure shown. U] 25 vnmn ‘ 3
8. Determine the area and perimeter Ry 4.5 mm o e\l ared |5 S . L0mm

of a rectangle with length 12 cm

and diagonal length 13 cm. 7.5 mm .

. . A ) 12dm

9. Determine the area and perimeter / =]

of the parallelograms shown. Round > »

the answers to the nearest tenth. Bem X

9 mm \//
a b v
14yd
I
Nz | 7 — C 1z
7yd =% 3¢ PE PHew FEOCM
. i 45°
P=iq6+; A=19.1 & P =42gd, Pc:m.aﬁa‘
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Lesson 30-1
Areas of Rectangles and Parallelograms

| ACTIVITY 30|
| continued
A yNotes |
1) P =366t
i A | 2 (®

= 9T
i) PEleEr |

laf = i‘e. 2 e‘\' E
12) PG E4

=56t"

o
i

hlel %y 6(§.90)
8 12[72.50
The hedht s 18] udits

o+

Al Yre | dbase’ s & Lk

If you do not understand

| DISCUSSION GROUP TIPS

something in group discussions,
ask for help or raise your hand for
help. Describe your questions as
clearly as possible, using synonyms
or other words when you do not
know the precise words to use.

LESSON 30-1 PRACTICE

Lisa was given the list of all of the shapes and necessary dimensions of some
tabletops. In Items 10-12, determine the perimeter and area of each tabletop.

10. Table 1

8ft
3y 3 ft
7 ft 6ft
e+
24t
11. Table 2
4 ft

12. Table 3: Figure QRST with vertices Q{(—1, 4), R(—1, 7), §(4, 7), and
T(4, 4). Each unit of the coordinate plane represents one foot.

13. Reason quantitatively. Given that the charge for each tabletop is
$8.50 per square foot, create an itemized invoice to show the cost of
each tabletop from Items 10-12 and the total cost.

14. The area of the parallelogram shown is 45 square units. Find the height

and base of the parallelogram. .
(x+DH*-5) =0

A =bh
1S = (xr)() by
X2 +dy =45 X5 =0
Yy ~H45 =20 i =5

15. Explain how to use a composite figure to estimate the area of the
irregular figure shown on the coordinate plane.

- The Gu(e- 1S y“
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REREEERE
close '!-a a YT
Covnpeos: e ‘ijre, ’-72-4 ST
pasy. o B N,
reckindle and a T
qu\l&loamm L ( | 12_ B

i : _,g_- biig |

H(@\ ot \M”r\POSF\‘L ﬁﬁurt = 2(‘%)*5(5) =3} Square uy\\"'rs
Area s apprcx\md‘e,j 3l Squire units
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Lesson 30-2 ' ' ~ ACTIVITY 30
Areas of Triangles ' - : 0t i m%‘ff%%%

;a

Learning Targets:

® Solve problems using the areas of triangles and composite figures. ﬁ_ . {"Y‘ halels
® Use coordinates to compute perimeters and areas of figures. 1
SUGGESTED LEARNING STRATEGIES: Marking the Text, Group fi= 'b:b' ol 'L,: o)
Presentation, Identify a Subtask, Use Manipulatives, Quickwrite - S s 1
Lisa asks Rashid to help her understand how to determine the area of
triangular-shaped tabletops. Lisa and Rashid start the investigation with
@k o

right and isosceles triangles.

=

=

—
(pgp)

N : _ uoju [Khow
1. Use the given triangles below to create quadrilaterals. Using what you l Wl e fbdolh Side | ot
know about these quadrilaterals, explain why the formula for the area of \ Hhe I l IV I
) . 1 : :Hayz_ Nanail e 18
a triangle is Area = 3" base + height. J ) A

a. b. I Ao =
L\ - = Hs(d-a)(s-b) (s

The W'dr}a‘t 'S wheve [Si=
half of « rec:;\unﬂ\c, -

g

4+
m

o S

A

The 1Sosceles “h’\hng le
5 holf of a paallelogra
2. Reason abstractly. Compare and contrast the steps required to find

the area of a right triangle and an isosceles triangle whose side lengths
are given.

f 2y beth use the <qine Gsrwm\aj howewer,
the " neight o the sesceles thangle most be
drawn i and ts length dedendined us Vg Ty

An isosceles triangle has two
congruent sides and two
congruent angles.

the Py thaqorean Theorem. _
3. Findthe are& 'jrb sq%sequent(}harge for ea;h tamtop below. 5q) n = é(B 2) = Bit?
a. . :3( 5.90) £ $42.50
Y
=415 — =
Vi y5 3b) [Fea(({is) =15 &if
5 . y \is(zisv) = $322.90
/] 3{) pi Lz Z) =R &
121 a443(%.90) = 4/|32.50

6/
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ACTIVITY 30 Lesson 30-2
Rt Areas of Triangles

i
| L MyBiotesl
Rl 4. Reason abstractly. Rashid draws several tabletops in the shape of an
equilateral triangle, each having different side lengths. Derive an area
formula that will worjlg_ti)r all equilateral triangles with side length s.
' Z) 43> %
-2‘-(5)(%5(;) =55 S
5. Use the formula created in Item 4 to find the area of an equilateral
triangle with side length 6 feet. Compare your answer to the area
you found in Item 3c.
2
b — Arec = A{Z €4
o) | his | reck n%lt and.
He 'i'r\\(.‘kf\\j les B
= ; : Check Your Understanding
b) M R Cotecl . -
‘ _C’(C“ h'\_* & l“i) o] 6. Find the area of the tabletop y
fe. glel gnd Suplract— shown on the coordinate plane. T}
lagl 13 ayreqs %C:}-'-: a. Name the shapes that make e REEE
N Sojve | aied, up the tabletop. A 1]
i b. Critique the reasoning of - // : | -
x others. Jalen and Bree each P 2 :
&) A6 kaliare. loamts used a different method to Al L
’ { 7 determine the area of the 6|4 |2 | 2.4l 6]
PEER W B o A L1y tabletop. Jalen found the sum =24t
N & i . C OSI(TV of the areas of each of the four T T
e +— o te. | 4 Ay — figures. Bree drew auxiliary T
knelr L Iside = lines to create a large rectangle, ‘ L '
o L] and then subtracted the area of 1 ' ‘
the two triangular regions not
in the tabletop from the large rectangle. Whose method is correct?
Explain your reasoning.
¢. Compute the area of the tabletop.
d. What are some benefits of working with composite figures on a
coordinate plane?
—= = - 7. Determine the area of triangle ABC. Leave the answer in radical form.
' % Tin the mg\r | o nf}rie,, 6 . X
’ M"f‘:’\ N PAYR. 0—€ ane. H = ]Z.. (2‘3 )(2,{5—!) B hﬁ’\\gh\’ _ -;(_ - 'Ty:_-
of | Hhe li.sr‘ s | e = al VD
eight of “wha Triacgle. fr=20f2l em X= 2§21 an
Tin an € UF‘\C".'PJM L[V
{ ih\vf\wl?, OU| e A bt ZO(M
WUhe "'D) NaGo e A h=2021 cn
Theavelmh . ‘

c

8. Explain how to determine the height of a right triangle versus the

| height of an equilateral triangle, given the side lengths of the triangles.
|
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Lesson 30-2 # ~ACTIVIT
Areas of Triangles ERR
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Next, Rashid shows Lisa how to determine the area of a triangular-shaped

tabletop given two side lengths and the measure of the included angle.

9. Make use of structure. Complete the proof to discover an area

formula that can be used when given a triangle with two side lengths

and the measure of the included angle.

B

C

a. Write the formula for the area of a triangle. PI rog = —\i bh

b. Draw and label a perpendicular line, &, from point B to AC. This

represents the height of the triangle.

opposite h

¢. Complete to find sin A:sin A = = N
hypotenuse c

d. Solve for F{cYswnA)= h

e. Substitute the equivalent expression you got for k (from part d) into

the formula for area of a triangle (from part a).

Area = %bh

= %b Céfn A’)

10. The diagram shown represents tabletop ABC. The tabletop has side

lengths 5 ft and 7 ft. The angle between the two sides, Z4, has a
measure of 49°. Compute the area of the triangular tabletop, to the

nearest tenth.

Prrea = \;\DCCSm A)

A =3 (5)5in 4a)

R=i2.2 £° 5 i

A<L]

71t
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ACTIVITY 30 | Lesson 30-2
T Areas of Triangles
| Check Your Understanding
11. Find the area of the triangle to
the nearest tenth, if c = 10 m,
b =24 m,and m/A = 38°.
H— A= —5;_\2‘-'\)60) (Si'r\ 2%°)
A= T73.%9m"
12. A parallelogram is given on a y
coordinate plane. Use the area 1 L
formula of a triangle to derive ‘ i T
the area formula of a 1‘ L :
parallelogram. Then compute the | - ~f1 / A l /|
o area of the figure. . 2 T / o
Frec f one '\n’anskc v . . 2 x
I S DR 214l 6.
(DTS A=don L1 Ll DLl
12} [ AR 22502 45-8s)(12ps-k ShLE T . | |
4 = Bl130t2 ﬂ'fef.x of twe "\"f“c\r\ﬁ\QS L AT
, ] !
. po(iw) R |
) [AE9 €47 - ( 1 | |
1 f=bh
19 2
; Pl LESSON 30-2 PRACTICE
A \ For Items 13-16, compute the area of each triangular-shaped tabletop, to the
19 € || nearest tenth.
SERECI 13. Equilateral triangle with 8.5 ft sides
&i t&)bg)‘l_l?) (&m 26 ) 14. Triangle ABC with vertices at {2, 1), (8, 1), and (6, 4)
TS 15. Base measure of 15 ft, another side length of 12 ft, and an included
) ‘ / angle of 30°
“'\/ s / \_? o 54 16. Isosceles triangle with sides of 4 ft, 7 ft, and 7 ft
d = — T
;l. = 17. Make sense of problems. Determine the perimeter and area of the
\ tabletop shown on the coordinate plane below.
g [ A
A N EY { o i
=V - TN
I T 5wt
Pr ¥ 26{84y S B | T
r’,} P= 3i 4T PRAS) 2 /‘4 6
|z s -2 7
= ("”{' \C“ B4 Ly \Lf-- 13.\1‘““'{3
1 CLe]
ENSNRASRRRREN
| \ T |
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Lesson 30-3
Areas of Rhombuses and Trapezoids

Learning Targets:
® Solve problems using the areas of rhombuses, trapezoids, and
composite figures.

® Solve problems involving density.

SUGGESTED LEARNING STRATEGIES: Vocabulary Organizer,
Think-Pair-Share, Create Represéntations, Quickwrite

Lisa begins to explore other tabletop templates. She uses what she has learned

about rectangles, triangles, and parallelograms to investigate the areas of
other polygons.

1. Included in the tabletop templates is the rhombus shown.

B 5 C

A 5’ D

a. List the properties of a rhombus that relate to the diagonals.

Di’aﬂonals are Perpencl\“cmlar bisectrs of

each other

b. Find the length of diagonal AC.

B feet

¢. Apply the formula for the area of the triangles formed by the
diagonals to find the area of the rhombus.

prrea Q‘F‘ C(XCh hjdnfj[( = -é_—(\.\,)(%) :é’e‘_z

Tota!l avea = 24642

d. Derive a formula for the area of a rhombus with diagonal lengths
d, and d,.

(34 )(k)) = L.

. ACTIVITY 30

continuea
ﬁ A A"C + Z.0 ‘f‘l
1 1) L LA LY 1T = -~ U‘
_:_'_Cn WAV £
B T0E ()
| -4
&J 20 r“p I:‘hor ol
AP alt N
\Ml LA I~~~/
l A
=idd,
d| angt Oiz are
Phe | diagonall €
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ACTIVITY 30 | Lesson 30-3

e Areas of Rhombuses and Trapezoids

MyiNotes

The area of a trapezoid with base lengths b, and b, and height h can be

derived by applying what you have already learned about the area of
a triangle.

2. Use the figure shown to derive a formula for the area of a trapezoid.

Explain how you arrived at your answer.

Lhh+dbh=tn(orb,)

3. Critique the reasoning of others. Lisa states, “The area of a

trapezoid is equal to the length of its median times its height” Is she

correct? Why?

Y"-SJ because the median = '—%(ba"'b-b)

4. Find the area of each of the trapezoids shown below.
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Lesson 30-3
b .'.-I‘”'-'w. L, ] "F
e condbes

Areas of Rhombuses and Trapezoids

To determine the total cost of a tabletop, Lisa needs to also consider the cost
of shipping. The greater the mass of an object, the greater the shipping cost.
The mass of the tabletop is dependent on the density of the material used in
its construction.

Density is the mass per unit

|
5. A Cut Above is making the tabletop shown in Item 4a out of two volume of a substance. You can i——
different types of wood: western red cedar and maple. The volume of determine the density of a :
each tabletop is 4 ft’. The density of western red cedar is 23 Ib/ft*, and substance using the following b
the density of maple is 45 Ib/ft’, If the cost of shipping the tabletops is formula:
$0.50 per pound, which tabletop costs more to ship? How much more? ) mass |
density = ollme:

Westerm  red cedor: mass = 2316 /642 @ &)
:qz 'b) ﬁH‘(e e W

Maple: mass =usib frs(ue?) = 15015 #a0

The Y‘Mfk 'hue—“'bd? costs B4 morr to ship

than f costs o ship Yhe  western red cedale

s PR
Check'Your Understanding P Ga) i U(ato)@)
b N
6. Find the area of each trapezoid. = (H i
a. 12in. F
(9\:) R = S12l+26 )7 {3)
. 12in |45° 2 2204 nmt
Y. 20in. tin )
b. Tw. . 26in. __ Kn, 1) oo |lb
12in 60°
LS 14in.
12in .

7. The density of bamboo is about 20 Ib/ft’. What is the mass of a

bamboo tabletop that has a volume of 30 ft*?

Activity 30 « Deriving Area Formulas 443
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ACTIVITY 30
contiriued

Lesson 30-3
Areas of Rhombuses and Trapezoids

MERIAG

o
]
1
W
)

=
N

i) Pr='§_“‘++§0“ (8%3))
= 1A in”
n
P32
_lcxgl h= )f"{r’q
S4'= g alby [t T+ 1T
i__bs = l A 1A
L sy = L (3)(n)
S F 9h
hi=Eaom

LESSON 30-3 PRACTICE
For Items 8-11, find the area, given the measures of each figure.
8. Isosceles trapezoid with base lengths 2 ft and 5 ft and leg lengths 2.5 ft
9. Rhombus' \.V;Vi;th diagonal lengths 6 in. and 10 in.
n
10.

ﬁfﬁfﬂ 16in.
60° 4. 60°
Bin 30in. ﬁo

11. The area of an isosceles trapezoid is 54 square cm. The perimeter is
32 cm. If a leg is 7 cm long, find the height of the trapezoid.

12, Attend to precision. The front face of a manufactured home is
shown in the diagram below.

21 ft P4y

i |
16 ft! 18 ft

SN\

38 ft | ‘ .

17 ft
-
56 ft

a. Compute the area.
b. If the density of the material from which the home is made is
38 Ib/ft>, and the volume of the home is 856 ft°, what is the mass?

Prr(ca c:“@ RL?';\ung\e_ = (%)(n) = <?|52_H-'L
Pree of trapezeid = 5(3+56)(ik) =760 €F
Tokal area= M2 €17

MNass = €56(38) = 32,522 |b.
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