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Homework Helper A Story of Ratios 1%

G8-M7-Lesson 1: The Pythagorean Theorem

| remember the
Pythagorean

theorem from
1. Use the Pythagorean theorem to estimate the length of the unknown previous lessons.

side of the right triangle. Explain why your estimate makes sense.

13 m
Let x m represent the length of the unknown side.
2 z _ 2
7k xz =13 The number 88 is not a perfect
9m 81+ x% =169 square, but | do know that 81
* x* =88 and 100 are perfect squares,

and 88 is between them.

The number 88 is between the perfect squares 81 and 100. Since 88 is closer to 81 than it is to 100,
the length of the unknown side of the triangle is closer to 9 m than it is to 10 m.

2. Use the Pythagorean theorem to estimate the length of the unknown side of the right triangle.
Explain why your estimate makes sense.

8 in.
= Let ¢ in. represent the length of the hypotenuse.
o 7P iet=2
- 49 + 64 = c?
143 = ¢*

The number 113 is between the perfect squares 100 and 121. Since 113 is closer to 121 than it is to
100, the length of the hypotenuse of the triangle is closer to 11 in. than it is to 10 in.

Eu “KA Lesson 1: The Pythagorean Thearem
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3. Use the Pythagorean theorem to estimate the length of the unknown side of the right triangle. Explain
why your estimate makes sense.

Let ¢ mm represent the length of the hypotenuse.

2 2o 0
1274+ 16" = C2 The number 400 is a
144+ 256 = ¢ perfect square, so | know
400 = ¢? that 20 is equal to c.
16 mm

20 =é¢

12 mm

The length of the hypotenuse is 20 mm. The Pythagorean thearem led me to the fact that the square
of the unknown side is 400. We know 400 is o perfect square, and 400 is equal to 20%; therefore,
¢ = 20, and the length of the hypotenuse of the triangle is 20 mm.

base of the isosceles triangle.

multiply that number by 2
since the two right
triangles are congruent.

4. The triangle below is an isosceles triangle. Use what you know about | can find the length of the
the Pythagorean theorem to determine the approximate length of the base of one triangle and

Let x ft. represent the length of the base of one of the
right triangles of the isosceles triangle.

x%+ 5% = g*
x2+25=64
x2=39

Since 39 is between the perfect squares 36 and 49 but closer to 36, the approximate length of the base
of the right triangle is 6 ft. Since there are two right triangles, the length of the base of the isosceles
triangle is approximately 12 ft.

2 Lesson 1: The Pythagorean Theorem EUREKA
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 Homework Helper e A Story of Ratios  [EQA

5. Give an estimate for the area of the triangle shown below. Explain why it is a good estimate.

Let x cm represent the length of the base of the right triangle.

4 cm
x2+ 4% =11%
2 . 4
x"+16=121 | need to use the base, b, and height,
x* =105

h, of the triangle to find the area, 4,
of a triangle; A = %bh.

Since 105 is between the perfect squares 100 and 121 but closer to 100, the approximate length of
the baseis 10 cm. A = %(10)(4) = 20. So, the approximate area of the triangle is 20 cm?.

20 cm? is a good estimate because of the approximation of the length of
the base. Furthermore, since the hypotenuse is the longest side of the right
The hypotenuse is the triangle, approximating the length of the base as 10 cm makes

longest side, so the base mathematical sense because it has to be shorter than the hypotenuse.

must be less than 11 cm.

EUREKA Lesson 1: The Pythagorean Theorem
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G8-M7-Lesson 2: Square Roots

Determine the positive square root of the number given. If the number is not a perfect square, determine the
integer to which the square root would be closest.

1. J196 f& know that perfect
squares have square
14
roots that are equal to
3 integers.
2. V225
15

3. Between which two integers will V22 be located? Explain how you know.

The number 22 is not a perfect square. It is between the perfect squares 16 and 25 but closer to 25.
Therefore, the square root of 25 is between the integers 4 and 5 because V16 = 4 and V25 = 5 and
Jié < V22 < J25.

4. Place the following list of numbers in their approximate locations on a number line.

V60, 38, V65, Y90, /72, and {51 ™

| can use the

same reasoning
from Problem 2

to determine the
placement of the
square roots on

the number line.

/

V36 Va9 Vea . VB1 Y100
[ V38 L V51 V60 ) vEB5 VT2 | V0 I
i 1 | | )
6 7 8 9 10

Answers are noted in blue.

4 Lesson 2: Square Roots EUREK_A
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G8-M7-Lesson 3: Existence and Uniqueness of Square Roots and

Cube Roots

1. Asquare-shaped park has an area of 900 ft?. What are the dimensions of the park? Write and solve an
equation.

Let x ft. represent the length of one side of the park.

x? =900 Check:
Jx% =900 302 = 900
x =900 900 = 900
x = 30

The square park is 30 ft. in length and 30 ft. in width.

2. A cube has a volume of 125 in3. What is the measure of one of its sides? Write and solve an equation.

Let x in. represent the length of one side of the cube.

3 _ i
| need to use the cube x” =125 Check:
root symbol, namely 33 = 1785 B3 = §25
3 5
Vx, to find the cube x= 3128 125 = 125
root of a number x.

x=5

The cube has a side length of 5 in.

EUREKA Lesson 3: Existence and Unigueness of Square Roots and Cube Roots
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3. Find the value of x that makes the equation true: x> = 21671,

| remember that | can
1
rewrite 216! as—to
216

make the problem easier.

4. Find the positive value of x that makes the following equation true: x% — 22 = 99,

3 = 2161 Check:
Yo = Y216 (61" = 21671
x= 32161 6% = 21671
. e 21671
216 - 21671
1 216
*=5% 2161 = 21671

x*—22 =199
x? ~22+22=99+22
=121
Vx? = viz2i
x=11

The positive value for x that makes the equation true is 11.

6 Lesson 3:

Existence and Uniqueness of Square Roots and Cube Roots
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G8-M7-Lesson 4: Simplifying Square Roots

Simplify each of the square roots in Problems 1-4 as much as possible.

1. V8
V8=+v2x4
=J2x2?
=2 %2
= 22
2. V150

V150 = /2 x 3 x 52
= V2 x 3 x /52
=5x+v2x3
= 5V6

3. V3675
V3675 = /3 x 52 x 72
=3 x /52 x /72
=5X7xV3
= 35V3

4. V121
V121 =4/112

=11

EUREKA Lesson 4: Simplifying Square Roots
MATH
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5. What is the length of the unknown side of the right triangle? Simplify your answer, if possible.

V20

]

Let ¢ units represent the length of the hypotenuse.

(V20)" + (viz)’ = ¢

20+ 12 = ¢?
Using my laws of e:ponents, 32 = 2
| know that (VZO ] means V32 = \/ﬁ
V20 x v20, which means
V20 x 20 = V202 = 20. Ve xV2=c
42 =c¢

The length of the unknown side of the right triangle is 42 units.

8 Lesson 4: Simplifying Square Roots EUREKA
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G8-M7-Lesson 5: Solving Equations with Radicals

1. Find the positive value of x that makes each equation true, and then verify that your solution is correct.
x*+6x—12=6(x+4)

Using my properties of equalities and
the distributive property, | want to
rewrite the equation in the form of
x% = p, where p is a positive rational

x2+6x—12=6(x+4) number, and then take the square
x2+6x—12 = 6x+ 24 root and determine the value of x.
X2+ 6x—12+12 = 6x + 24 + 12 Check: i
2 -
, FAeL=ars b 62 +6(6) — 12 = 6(6 + 4)
x“+6x—6x=6x—6x+36
22 = 36 36 + 36 — 12 = 6(10)

XxX=6 60 = 60

2. Determine the positive value of x that makes the equation true, and then

explain how you solved the equation.
x11 / | can rewrite the

~=—125=0 Lequation using the
X

laws of exponents.

xil Check:
—5—125=0
i1
x*-125=0 F—lzszo
x> —125+ 125 =0+ 125 53 _ 125 = 0
x? =125 125125 =0
Va3 = Y125 0=20
i
x=>5

xi 1
To solve the equation, | first had to simplify the expression Y to x3. Next, | used the properties of
equality to transform the equation into x* = 125. Finally, I had to take the cube root of both sides of
the equation to solve for x.

EUREKA Lesson 5: Solving Equations with Radicals
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3. Determine the positive value of x that makes the equation true.

(5vx)" - 7x = 72

| only need to

find the positive (sﬁ)z —7x=72 Check:
value of x that 52(vx)% — 7x = 72 (5\/1)2 —7(4) = 72
isiiee 25x — 7x = 72 2
equation true. L8e— 72 52(\/1) — 28 =72
R P14 — IR = T2
18 - 18 100 -28=72
x=4 72 =72

4. Determine the length of the hypotenuse of the right triangle below.

The lengths of the sides
of a triangle are positive,
so a negative answer
would not make sense.

I must define

my variable.

Let x in. represent the length of the hypotenuse.

I am using the laws
of exponents to

224+ 1128 =32 Check:
check my answer.
4+121=x* ' ) 2
138 o o 22 + 112 = (5v5)
2
Vi25 = /a2 4+121 = 5%(V5)
m . 125 = 25(5)
125 = 125
5V5 =x

Since x = 5+/5, then the length of the hypotenuse is 5/5 in.

This is an exact answer
and cannot be
simplified any further.

10 Lesson 5: Solving Equations with Radicals EUREKA
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G8-M7-Lesson 6: Finite and Infinite Decimals

Convert each fraction to a finite decimal. If the fraction cannot be written as a finite decimal, then state how

you know. Show your steps, but use a calculator for the multiplication.

The denominator 16 is \‘
equal to 2*. I need to
multiply the denominator

by 4 factors of 5 so that

the denominator is a

multiple of 10, and | can
write the fraction easily. /

I need to multiply
the denominator
by 3 factors of 2.

13
1. =
16
The denominator 16 is equal to gr
13 13 13x5" 13x5* 8125 _ .
e e e e 3= 7 =0.812
2" 2°'x5 (2x5) 10
2
2. —
125
The denominator 125 is equal to 5>,
. 3 4
X 2
ész%z X% = .=15-0.016
57 2°x5° (2x5)y 10
22
3. —
75
.22, .. . . ;
The fraction S is not a finite decimal because the denominator 75 is
equal to 3 x 5%. The denominator cannot be expressed as a product
22
of 2’s and 5’s; therefore, o is not a finite decimal.
33
4. ——
800

The denominator 800 is equal to 2° x 52.

33 33 _ 33x5 _33x5 _33x5

_ 4125

The denominator
cannot be written as
a product of 2’s
and/or 5's.

=0.04125

B00 55,52 25x52x5° 2°x5° (2x5)

10°

To make the powers of the bases
match, | need to multiply 5% by 5°.

EUREKA Lesson 6: Finite and Infinite Decimals
MATH
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G8-M7-Lesson 7: Infinite Decimals

1.
a. Write the expanded form of the decimal 0.532 using / \
powers of 10. The first number line is divided
into 10 equal parts, namely
0532 = __5_ s _?'__ 53 i tenths. The next number line is
10 102 103

divided into 10 equal parts,
namely hundredths. The third
number line is divided into 10

equal parts, namely thousandths./

b. Show on the number line the representation of the decimal
0.532.

0 (.5 1

05 0.6

0.53,

0532

0.54

L ]
®
®
®
@
[ ]

c. Is the decimal finite or infinite? How do you know?

The decimal 0. 532 is finite because it can be completely represented by a finite number of steps in
the sequence.

12 Lesson 7: Infinite Decimals EUREKA
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1 4 1 4 1 4
0.14 = —

0 0.1

R e e e e s
10 7102 " 10° T 107 T105 T 106 T

AStory of Ratios  [1¥]

a. Write the expanded form of the decimal 0. 14 using powers of 10.

b. Show on the number line the representation of the decimal 0.141414....

- ‘ \145 /Isee that the

number 0.14 is

represented by an
infinite number of

:\“‘;\‘Q;ﬁ 4z steps. 1 can keep

\\__\\
—
0.141, ,0.1414 .
-// \\
0.1414.// )

drawing number
lines, but | will

quﬁ 5 never find the

" 0.14141

c. s the decimal finite or infinite? How do you know?

the sequence.

0.14.

precise location of

~

/

the digits 1 and 4 continue to repeat, there will be on infinite number of steps in

3. Explain why 0.444 < 0.4444.

The number 0. 444 = — + —

10  10*
iz ig + %. That means that 0. 4444
10¢  10° 10

+ Mlzy and the number
4
0.4444 = o5 +

4
is exactly ot larger than 0. 444. If we examine the numbers

on the number line, 0. 4444 is to the right of 0. 444,
meaning that it is larger than 0. 444.

EUREKA Lesson 7: Infinite Decimals
MATH
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G8-M7-Lesson 8: The Long Division Algorithm

4000
1. Write the decimal expansion ofT. Based on our definition of rational numbers having a decimal

expansion that repeats eventually, is the number rational? Explain.

4000 1333x3 1 1 3 3 3 3 3
3 - 3 '3
1 314 000
= 1333 = -
3 10
- 9
| know that the decimal expansion 10
will be infinite since the divisor is -9
not a product of 2’s and 5’s. | need 10
to use the long division algorithm. _ 9
10
- 9
The remainder is 1 0
repeating, so | -9
can stop dividing. 10

4000 _
The decimal expansion of — is 1333.3. The number is rational because it has the repeating

. 2 . . 4000 |
digit of 3. Rational numbers have decimal expansions that repeat; therefore, — isa
rational number.

3,888,885 e ) . .
2. Write the decimal expansion of —— Based on our definition of rational numbers having a decimal

~expansion that repeats eventually, is the number rational? Explain.

3888885 _353535x 11, 0 .
11 - 11 11 The + 1 Means that the remainder

= 353535 is a repeating block of zeros.

3 885885 |

The decimal expansion of g s 353,535. The number is rational because we can write the

repeating digit of O following the whole number. Rational numbers have decimal expansions that

3 888 885

repeat; therefore, — is a rational number.

14 Lesson 8: The Long Division Algorithm EUREKA
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3. Someone notices that the long division of 1,855,855 by 9 has a quotient of 206,206 and a remainder of 1
and wonders why there is a repeating block of digits in the quotient, namely 206. Explain to the person
why this happens.

2 0 6 20 6
9/1 8 55 8 5 5
| 1855855 _206206x9 1
B 9 9 9
0 5 4
= 0 = 206206
5 5
- 5 4
1 8
- 1 8
05
- 0
5 5
- 5 4
1

The block of digits 206 repeats because the long division algorithm leads us to perform the same
division over and over again. In the algorithm shown above, we see that there are two groups of 9 in
18, leaving a remainder of 0. When we bring down the 5, we see that there are zero groups of 9 in 5.
When we bring down the next 5, we see that there are six groups of 9 in 55, leaving a remainder of 1.
That is when the process starts over because the next step is to bring down 8, giving us 18, which is
what we started with. Since the division repeats, then the digits in the quotient will repeat.

15 —
15 | can rewrite — = 1. 36
4. Isthe number — = 1.36363636... rational? Explain. 11
11 because the decimal

expansion has a repeating
block of 36.

The number appears to be rational because the decimal expansion has
a repeat block of 36. Because every rational number has a block that
repeats, the number is rational.

5. Is the number /5 = 2.23606787... rational? Explain.

| don’t see any
pattern to the
decimal expansion.

The number appears to have a decimal expansion that does not
have decimal digits that repeat in a block. For that reason, this is
not a rotional number.

Eu “KA Lesson 8: The Long Division Algorithm 15
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A Story of Ratios

G8-M7-Lesson 9: Decimal Expansions of Fractions, Part 1

3
1. Choose a power of 10 to convert this fraction to a decimal: e

Choices will vary.

It is better to use a higher
power of 10; extra zeros will
not change the value of the
decimal expansion.

The work shown below uses the factor 10°. Students should choose a factor of at least 10* in order to
get an approximate decimal expansion and notice that the decimal expansion repeats.

3
a. Determine the decimal expansion of o Verify you are correct using a calculator.

3 _3><106 1

)(...................
11 11 106
B 3000000>< 1

11 106

3000000=272727x11+3

| can use division with remainder to find
that 3,000,000 = 272,727 x 11 + 3.

3 272727 x11+3 1

ehier X
11 11 106
272727 x11 3 1
= (“—-—‘l"“——) K
11 11/ 10°

A(272727+ 3)x 1
h 11/~ 106

1 3 1
=272727><—+( )

_.X.____

106 11 106°
272727 +( 3 1 )
=4 | —=X—
106 11 10°

—0272727+(3>< 1)
o 117106

3
The decimal expansion of . is approximately 0. 272727.

i6 Lesson 9:
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5
2. Ted wrote the decimal expansion of; as 0.724285, but when he checked it on a calculator, it was

0.714285. Identify the error from his work below and explain what he did wrong.

5 5x10% 1 5 724285x 7+5 1
777 X108 7 7 * 106
5000000 1 724285%x 7 5 1
B AT =(“'—““““7 +‘7‘)>‘ﬁ
5000000 = 724285 x 7 +5 5 1
_(724285+:j—)><1-6~g
1 5 1
=724285x—ﬁ+(7xﬁ-6—)
724285 (5 1
= — ¥ —
100 (7 106)

5 1
= 0.724285 + (5 % W)

Ted did the division with remainder incorrectly. He wrote that 5,000,000 = 724,285 x 7 + 5 when
actually 5,000,000 = 714,285 x 7 + 5. This error led to his decimal expansion being incorrect.

This is such a small value that
it won't affect the estimate. In

fact, (; x %) < 0.000001.

4 4 1 4
3. Given that; = 0.571428 + (; X 1"6"5)’ explain why 0.571248 is a good estimate of e

4 1 4
When you consider the value of (; X F)’ then it is clear that 0. 571428 is a good estimate of - We

4 4 1 1
know that; < 1. By the basic inequality property, we also know that; b4 e <1x 0% which means

4 1 4
that 7 % 106 < 0.000001. That is such a small value that it will not affect the estimate of = in any

real way.

EU“ Lesson 9: Decimal Expansions of Fractions, Part 1 17
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G8-M7-Lesson 10: Converting Repeating Decimals to Fractions

1. Letx = 0.912. Explain why multiplying both sides of this equation by 103 will help us determine the
fractional representation of x.

When we multiply both sides of the equation by 103, on the
right side we will have 912.912912.... This is helpful because
we will be able to subtract the repeating decimal from both
sides by subtracting x.

| want to multiply x by 107,
where n is the number of
digits in the repeating block, so
that the remaining decimal
digits are those that repeat.

a. After multiplying both sides of the equation by 103, rewrite the resulting equation by making a
substitution that will help determine the fractional value of x. Explain how you were able to make
the substitution.

x=0912
(10%)x = (10%)(0.912)
1000x = 912.912
1000x =912 +0.912912...
1000x =912 + x

When | write 912.912
as a sum, | see that
0.912 = x, and | can
use substitution.

Since we let x = 0.912, we can substitute the repeating decimal 0.912912... with x.

b. Solve the equation to determine the value of x.

1000x - x =912 +x—x

999x =912
999x 912 | can use properties of
999 ~ 999 equality to solve for x.

912

* =999

c. Isyouranswer reasonable? Check your answer using a calculator.

Yes, my answer is reasonable and correct. It is reasonable because the denominator cannot be
expressed as a product of 2’s and 5’s; therefore, | know that the fraction must represent an infinite
decimal. Also, the number 0.912 is closer to 1 than 0.5, and the fraction is also closer to 1 than

1 912
o It is correct because the division of 550 using the calculotoris 0.912912912....

18 Lesson 10: Converting Repeating Decimals to Fractions EUREKA
MATH
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2. Find the fraction equal to 6.756. Check your answer using a calculator.

Let x = 6.756.
x=6.756
10x = (10)6.756
10x = 67.56

| am going to multiply
by 10 so that the only
remaining decimal digits
are those that repeat.

Lesson 10:

EUREKA
MATH

Lety = 0.56.
y=0.56
100y = 100(0.56)
100y = 56.56
100y =56 +y
100y—y=56+y—y
99y = 56
99y _56
99 99
y=3¢ (
99
__ 6689
6.756:= gor

Converting Repeating Decimals to Fractions

© 2015 Great Minds eureka-math.org
GB-M7-HWH-1.3.0-10.2015
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8e7

| need to let y equal
the repeating block of
my decimal. | will
repeat the process |
learned in class with
both x and y.

\

/

10x = 67.56
10x=67+y
56
10x = 67 + *9"6
67 x99 56
10x =T+@
67 x99 4+ 56
10x = “"““T"
6689
ST
)10e= ()65
6689
" 900

19



Homework Helper A Story of Ratios 8e7

G8-M7-Lesson 11: The Decimal Expansion of Some Irrational

Numbers

1. Use the method of rational approximation to determine the decimal expansion of V42. Determine which
interval of hundredths it would lie in.

In class, | learned rational
approximation by examining

The number 42 is between 6 and 7 but closer to 6.

Looking at the interval of tenths, beginning with 6.4 t0 6.5, the the number at increasingly
number V42 lies between 6.4 and 6.5 becouse 6.4% = 40.96 smaller powers such as tenths,
and 6.5% = 42.25 but is closer to 6. 5. hundredths, and so on.

In the interval of hundredths, the number /42 lies
between 6.48 and 6.49 because 6.48% = 41.9904
and 6.49% = 42.1201.

| know V42 is between 6 and
2
7 because 6% < (V42) < 72

Since V42 is almost halfway

between v36 and V49, | will
start looking at 6.4. /

Since 42 is closer to 6.48% than 6.49%, the number
V42 is approximately 6. 48.

2. Determine the three-decimal digit approximation of the number +83.
The number 83 is between 9 and 10 but closer to 9.

Looking at the interval of tenths, beginning with 9.1 t0 9. 2, the
number /83 lies between 9.1 and 9.2 because 9. 1% = 82.81, and

9.2% = 84.64 and is closer to 9. 1. ™
So far my decimal

approximation is
V83 =~ 9.11. But!

In the interval of hundredths, the number 83 lies between 9.11 and
9.12 because 9.11% = 82.9921, and 9.12% = 83.1744 and is closer

to 9.11. need to continue

In the interval of thousandths, the number /83 lies between 9.110 this process for one
and 9.111 because 9.110% = 82.9921, and 9. 1112 = 83.010321 more decimal place.
but is closer to 82.9921. /

Since 83 is closer to 9. 1107 than 9. 1112, the three-decimal digit
approximation of the number is approximately 9. 110.
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3.

Is the number 360 rational or irrational? Explain your answer.

| learned that irrational numbers
are infinite decimals that do not
have repeating blocks of digits.

The number /360 is an irrational number because it has a
decimal expansion that is infinite and does not repeat. That
is, the number 360 cannot be expressed as o rational
number; therefore, it is irrational.

| learned how to convert
repeating decimals to
fractions in the previous
lesson. Repeating blocks
of digits means this is a

Is the number 0.94949494 .. rational or irrational?
Explain your answer.

94
The number 0.94949494... can be expressed as the fraction ;a;

94
therefore, it is a rational number. Not only is the number S50

quotient of integers, but its decimal expansion is infinite with a
repeating block of digits.

rational number. /

Challenge: Determine the two-decimal digit approximation of the number V25.

The number /25 is between integers 2 and 3 because
, 3
2% < (¥25) < 3% 0or8 <25< 27

\

When | use rational

Since /25 is closer to 3, | will start checking the tenths intervals approximation, | need to
between 2.9 and 3. V25 is between 2.9 and 3 since cube the values instead

2 9% — 24 389 and 3° = 27. of squaring them since |
am trying to approximate

Checking the hundredths interval, \/25 is between 2.92 and 2.93 theicube tootof 35,
since 2.923 = 24.897088 and 2.93% = 25.153757. /

Since 25 is closer to 2.92% than 2. 933, the two-decimal digit approximation is 2. 92.

EUREKA Lesson 11: The Decimal Expansion of Some Irrational Numbers 21
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G8-M7-Lesson 12: Decimal Expansions of Fractions, Part 2

14
1. Use rational approximation to determine the decimal expansionofL’//
14
14 9 .5 | know that -t lies

CERERE L between integers
5 1and 2.
=1+ '§

The ones digitis 1.

In the interval of tenths, we are looking for integers m and m + 1 so that

m _5 _m+1
105910 °

Since | am looking for the

which is the same as tenths digit, | will use the

50 denominator of 10 with my
[ Multiply every term by 10. 37 e 9 S, consecutive numerators
50 45 5 of mand m+ 1.
9-9 g
5+ L
ST 9

5 5 ,
The tenths digit is 5. The difference between 5 and oS

5 5 5

9710 90

in the interval of hundredths, we are looking for integers m ond m + 1 so that

m » 5 _m+1
100 ffﬁ( 160 | already did this when | was

T Yym—— finding the tenths digit.

< < 1‘

500 50 5
However, we already know that—é-é— i 5+ s therefore, the hundredths digit is 5. Because we

keep getting —f;, we can assume the digit of 5 will continue to repeat. Therefore, the decimal expansion

i4
of - is 1.555....
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MATH

© 2015 Great Minds eureka-math.org
GB-M7-HWH-1.3.0-10.2015

)3I3I39333333393339233339390933)02373)33393033333)33)32)33))13)



) 33333333333 3333333)33333)3333333333330233)3)33))

Homework Helper A Story of Ratios 8e7

83
2. Use rational approximation to determine the decimal expansion ofg; to at least 3 decimal digits.

83 74 9
This problem is asking for the 3937 + 37
. : 9 9 | will use the same process as
decimal expansion of —. . TR )
37 37 Problem 1 to find the tenths,

hundredths, and thousandths digits.

The ones digit is 2.

in the interval of tenths, we are looking for integers m and m + 1 so that

m _ 9 m+1
W 3T

which is the same as

So far, | have 2.2 as my

decimal expansion. 2 - g_q', i %ﬁ =k %é
The tenths digit is 2.
The difference between % and % is I need to f;nd the difference
9 2 16 between = and 0.2.
37 10 370

In the interval of hundredths, we are looking for integers m and m + 1 so that

m 16 m+1
100 ~370 ~ 100’

which is the same as

\

1600
So far, | have 2.24 as my m<-§77*6*<m+ 1.
decimal expansion. 1600 _160 148 +}—2— » %_E T
370 37 37 37 37

9
difference between 3—7— and

The hundredths digit is 4. the tenths and hundredths

o

. 9 yA 4, digits and use the result to
The difference between P and (ﬁ + pree LU find thie thousandths digit.
i._( 2, 4\ _9 24 12
37 \10 ' 1 (}) 37 100 3700
Eu REKA Lesson 12: Decimal Expansions of Fractions, Part 2 23
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In the interval of thousandths, we are looking for integers m and m + 1 so that

m & 12 <m+1
1000 " 3700 " 1000’

9
The fraction ;;’“ was where |

which is the same as started. The decimals will

_ 12000 — repeat from this point on.
3700 "
12000 120 111, 9 _
3700 ~ 37 ~ 37 T37 -3 t3y

The thousandths digit is 3.

9
We see again the fraction 37 Sowecan expect the decimal digits to repeat at this point. Therefore, the

83
decimal approximation of o is2.243243243....

11
Use rational approximation to determine which number is larger, V12 or PE

The number /12 is between 3 and 4. In the sequence of tenths, /12 is between 3.4 and 3. 5 because
3.4% < (\/ﬁ)z < 3.52. In the sequence of hundredths, V12 is between 3.46 and 3.47 because
3.46% < (\/ﬁ)z < 3.47%. In the sequence of thousandths, V12 is between 3.464 and 3.465
because 3.464% < (Jﬁ)z < 3.465% The decimal expansion ofV12 is approximately 3.464....

| remember this
In the interval of tenths, we are looking for the integers m and m + 1 so that type of problem
m _ 2 & m+1 from the last lesson.

10 3 10

which is the same as

20
m<?<m+1.

3 3 3 3
2
The tenths digit is 6. Since the fraction = has reappeared, we can assume that the next digit is also 6,

11
and the work will continue to repeat. Therefore, the decimal expansion of 5 is 3.666..., and
11

? >y12.

24 Lesson 12: Decimal Expansions of Fractions, Part 2 EUREKA
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G8-M7-Lesson 13: Comparing Irrational Numbers

1. Which number is smaller, ¥125 or +/30? Explain your answer.
V125 = /53 =5

| can use what | know about perfect
squares to approximate v 30.

The number V30 is between 5 and 6 but definitely more than 5. Therefore, {125 < V30, and Y125
is smaller.

2. Which number is smaller, V64 or V5127 Explain your answer.

V64 = /82 = 8
V512 =83 =8

The numbers V64 and Y512 are equal because both are equal to 8.

| can use the method of rational

approximation or long division to

. . . 829
find the decimal expansion of Py

829
3. Which number is larger, V68 or -9?? Explain your answer.

829 _
The number-;; is equal to 8.37.

%

2

The number /68 is between 8 and 9 because 8% < (\/ 68) < 9%. The number /68 is between 8.2
Z

and 8.3 because 8.2% < (V68) < 8.3%. The approximate decimal value of V68 is 8.2.... Since

— 829
8.2 <8.37, thenv68 < %. Thus, the fraction Efs larger.

| only need to determine the decimal

approximation for the tenths digit of V68
to determine which number is larger.

11 ——
4. Which number is larger, 18 0.732? Explain your answer.

11 i - — 11 U
The numberEis equal to 0.73. Since 0.73 > 0.732..., then - > 0.732.
e }

11,
Thus, the number =5 larger.

EUREKA Lesson 13: Comparing Irrational Numbers
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5. Which of the two right triangles shown below, measured in units, has the longer hypotenuse?
Approximately how much longer is it?

y.

“‘---N\
3 -
/ \\\
/ o

Let x represent the length of the hypotenuse of the triangle on the left.

6% + 6% = x? ,
. | need to use two different
36+36 =x? variables since | don’t know
72 =gz the value of either or if they
N7 ‘/ﬁ are the same number.
V72 = x

2
The number V72 is between 8 and 9 because 82 < (V72) < 9%. The number /72 is between 8.4
2
and 8.5 becouse 8.4% < (V72)" < 8.5%. The number 72 is between 8.48 and 8. 49 because
2
8.48% < (V72)" < 8.49% The approximate decimal value of /72 is 8.48....

Let y represent the length of the hypotenuse of the triangle on the right.

4=y | know that V72 < V73, but the
9+ 64 =y question is asking approximately
73 =y* how much longer is V73 than V72,
V73 = \/'? so | need to determine the decimal
approximation for y.

V73 =y J

The number \'73 is between 8 and 9 because 8% < (/73 ) < 92, The number /73 is between 8.5
and 8.6 because 8.5% < (/7 ) < 8.6%. The number+/73 is between 8.54 and 8. 55 because
8.54% < (\/73| < 8.55%. The approximate decimal value of V73 is 8.54....

The triangle on the right has the longer hypotenuse. It is approximately 0. 06 units longer than the
hypotenuse of the triangle on the left.

26 Lesson 13: Comparing Irrational Numbers EUREKA
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G8-M7-Lesson 14: Decimal Expansion of

1. Carrie estimated 7 to be 3.10 < w < 3.21. If she uses this approximation of m to determine the area of a
circle with a radius of 7 in., what could the area be?
The area of the circle with radius 7 in. will be between 151.9 in? and 157.29 in?.
| need to substitute the values for 7 and the radius into
the formula for the area of a circle, namely 4 = nr?.
2. Winston estimated the circumference of a circle with a radius of 8.3 in. to be 52.29 in. What
approximate value of 7 did he use? |s it an acceptable approximation of ©? Explain.
6 =2nr )
| need to solve for i using
52.29 = 2n(8.3) properties of equality.
52.29 = 16.6m
52.29
=1
16.6
3.15=m
Winston used 3. 15 to approximate 1. This is an acceptable approximation for  because it is in the
interval that we approximated 1 to be in the lesson, 3.10 < < 3.21.
| need to add
3. Estimate the value of the irrational number (2.3856...)%. 0.0001 to 2.3856
. and then square it.
2.38562 < (2.3856..)% < 2.3857>
5.691087 36 < (2.3856..)% < 5.691564 49
(2.3856...)2 = 5.691 is correct up to three decimal digits.
4. Estimate the value of the irrational number (0.956321...)%. | need to count how many
0.956 3212 < (0.956 321..)% < 0.956 3222 s
are exactly the same.
0.914 549855 < (0.956321...)%> < 0.914551767 7
(0.956321...)% = 0.9145 is correct up to four decimal digits.
EUREKA Lesson 14: Decimal Expansion of 27
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G8-M7-Lesson 15: Pythagorean Theorem, Revisited

1. For the right triangle shown below, identify and use similar triangles to illustrate the Pythagorean
theorem.

A

20

A B
¢ 21

First, draw a segment that is perpendicular to side AB that goes through point C. The point of
intersection of that segment and side AB will be marked as point D.

20

o= ” B

Using a sequence of
transformations, |
can see each right

Then, | have three similar triangles, A ABC, A CBD, and A ACD,

as shown below. _ )
triangle in the same

A orientation.

21
20

‘ = i : )
D ¢ c 21 B

& ABC and & CBD are similar because each one has a right angle, and they both share 2B. By AA
criterion, A ABC ~ A CBD.

A ABC and A ACD are similar because each one has a right angle, and they both share £A. By AA
criterion, A ABC ~ A ACD.

28 Lesson 15; Pythagorean Theorem, Revisited EURE
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By the transitive property, we also know that A ACD ~ A CBD.

Since the triangles are similar, they have corresponding sides that are equal in ratio.

For A ABC and A CBD, . .
Because my right triangles are

21 _ |BD| in the same orientation, | can
29 217 make the following
which is the same as 21> = 29(|BD}). proportion using A ABC and
A CBD:
For A ABC and A ACD, —_— —
20 |AD| hypotenuse - hypotenuse’
29 207 | can solve any proportion by

which is the same as 20> = 29(|AD|).

using cross multiplication. /

Adding these two equations together, I get
212 + 202 = 29(|BD|) + 29(|AD|).
By the distributive property,
212 + 202 = 29(|BD| + |AD|);
however, |BD| + |AD| = |AB| = 29. Therefore,

202 + 212 = 29(29)

| found this by looking at my original triangle
g e e 202 + 212 = 29%,

and the triangle where the altitude was drawn.

2. For the right triangle shown below, identify and use squares formed by the sides of the triangle to
illustrate the Pythagorean theorem.

13

i3

12 B

12

The sum of the areas of the smallest squares is 5* + 122, which is 169. The area of the largest square
is 132, which is 169. The sum of the areas of the squares of the legs is equal to the area of the square
of the hypotenuse; therefore, for legs a and b, and hypotenuse c, we see thot a4+ b® =2,

EUREKA Lesson 15: Pythagorean Theorem, Revisited 29
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3. Can any similar figures be drawn off the sides of the right triangle to prove the Pythagorean theorem?
Use computations to show that the sum of the areas of the figures off of the sides a and b equals the area

of the figure off of side c.
//}
A/H
12
15
b ¢
B a
12

16

The rectangles are similar because their corresponding
side lengths are equal in scale factor.

9 12 15 o 578

12 16 20
The area of the smaller rectangles are 108 square units
and 192 square units, and the area of the larger rectangle
is 300 square units. The sum of the smaller areas is equal
to the larger areq.

108 + 192 = 300
300 =300
Therefore, the sum of the areas of the smaller similar
rectangles does equal the area of the larger similar
rectangle proving the Pythagorean theorem with
similar figures.

4. The following image for the Pythagorean theorem contains an error. Explain what is wrong.

/
/
/
/
| 3K\\\5-41
L
Bl 6
i
|
I
|
\
|
|
i
|
é
|
30 Lesson 15:
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Based on the proof shown in class, we would expect the
sum of the two smaller areas to be equal to the larger
area. The smaller areas are 9 and 36, while the larger
area is 41.0881. Thatis, 9 + 36 should equal 41. 0881.
However, 9 + 36 = 45.

We know that the Pythagorean theorem only works for
right triangles. Considering the converse of the
Pythagorean theorem, when we use the given side
lengths, we do not get a true stotement.

32 + 62 = 6.412
9 + 36 = 41.0881
45 + 41.0881

Therefore, the original triangle is not a right triangle, so it
makes sense that the areas of the squares were not
adding up like we expected.

Pythagorean Theorem, Revisited EUREKA
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G8-M7-Lesson 16: Converse of the Pythagorean Theorem

1. What is the length of the unknown side of the right triangle shown below? Show your work, and answer
in a complete sentence. Provide an exact answer and an approximate answer rounded to the
tenths place.

Let ¢ cm represent the hypotenuse of the triangle.

2 .
3°+2 Cz To estimate, | need the two perfect \
P 2 squares that surround 13, which are
13=c¢ 9 and 16. 13 is slightly closer to 16
V13 = y¢? than 9, so V13 is closer to
3.6=c
V16 = 4 than V9 = 3.

J

The hypotenuse of the triangle is exactly V13 cm and
approximately 3.6 cm,

2. s the triangle with leg lengths of v/5 cm and 7 cm and hypotenuse of length v'54 cm a right triangle?
Show your work, and answer in a complete sentence.

N\

To simplify a square root that is squared,
| need to remember the following:

(V8)" +7% = (V58) (/3) = V58
- (57 = 7
(‘/5)2 = /

Yes, the triangle with leg lengths of V5 cm and 7 cm and hypotenuse of length V54 cm is a right
triangle because the lengths satisfy the Pythagorean theorem.

3. Is the triangle with leg lengths of V8 cm and 10 cm and hypotenuse of length v/164 cm a right triangle?
Show your work, and answer in a complete sentence.

(V8)’ +102 = (vi6a)
8+ 100 = 164
108 + 164

No, the triangle with leg lengths of V8 cm and 10 cm and hypotenuse of length V164 cm is not a right
triangle because the lengths do not satisfy the Pythagorean theorem.

Eu “KA Lesson 16: Converse of the Pythagorean Theorem 31
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G8-M7-Lesson 17: Distance on the Coordinate Plane

1. Determine the distance between points A and B on the coordinate plane. Round your answer to the

tenths place.

[ T u.i,,»».....,i,.. ,..,_“.‘M};..,,.gw.‘.

H H
H H

H
£ i
i i

; i

3

3
‘

To determine the distance between
the points, | am going to use the grid
lines from the coordinate plane to
create a right triangle.

: | , Let c represent |AB|.
: } ;
N8 22 +4% =2
H 4 H H ¢
! A 4+16 = c?

B A A R 20 = ¢
2 3 4 5 6

¢ ' 5 i : 4. 5 ~C

The distance between points A and B is about 4.5 units.

2. Is the triangle formed by points 4, B, and C a right triangle?

i
1
§

H :
§ FUVGRVVIFI SV SNQUEI: O

i
i

LI ST

=

L

i

i

i
i

H

]

1
Lol

None of these sides are horizontal t:nN
vertical, so | cannot simply count to
find their lengths.

| need to create right triangles to
find the lengths of the sides and
then use those lengths in the
Pythagorean theorem.

J

s R DR
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) ] : : ‘t—

i ] 3 i
24 e --.-m-:.--.--u--.—.-__...s_-- e

Let ¢ represent |AB|.

3% £ 3% ="
9+9=c?
18 g*
Vis = /¢
VI8 =¢
Let c represent |BC|.
2% 4+ 2% =¢?
4+4=c
8 =gt
V8 = c?
8=
Let c represent |AC|.
52 1 42 = ¢2 The hypotenuse is side\
254+ 1 =2 AC since V26 is the
26 = ¢ longest side. |
V26 =2 substituted into the
Pythagorean theorem
V26 =
¢ and got a true
' statement, meaning |
(\/18)2 4 (\/ﬁ)z = (\/26)2 have a right triangle. /
18+8=26
26 =26

Yes, the points do form a right triangle.

EUREKA Lesson 17: Distance on the Coordinate Plane 33
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G8-M7-Lesson 18: Applications of the Pythagorean Theorem

1. A55in.TVis advertised on sale at a local store. What are the length and width of the television?

Let x be the factor applied to the ratio 4: 3.

(4x)? + (3x)? = 552 \
16x% +9x2 = 3025 | remember from the notes that the
dimensions of a television are in the
25x? = 3025
¥ g ratio 4: 3 and that the size of the
§x2 ik 0= television is actually the length of
25 25 the diagonal. Therefore, 4x and 3x
x? =121 are the legs of the right triangle
3% = Vizi while 55 is the hypotenuse. /
xr=11

Sincex = 11, 3x = 33 and 4x = 44. Therefore, the dimensions of the TV are 44 in. by 33 in.

2. The soccer team was instructed to run the perimeter of their soccer field, which has dimensions of 115
yards by 74 yards. One player decided to run the length and width and then finished by running

diagonally. To the nearest tenth of a yard, how many fewer yards of running did this player complete
than the rest of the team?

P=20+2w

P = 2(115) + 2(74)
P =230+ 148

P =378

The team ran 378 yards.

Let a yards represent the length of the field, b yards represent the width of the field, and ¢ yards
represent the diagonal length of the field.

a’+b* =c? | need to find the diagonal length of the field and then\
1152 + 742 = 2 use it to find the total distance the single player ran.
13225 + 5476 = ¢ The number /18,701 is between 136 and 137. In the
18701 = 2 sequence of tenths, the number is between 136.7 and
/18701 = /&2 136.8 because 136.7% < (1/18,701)° < 136.8% Since
136.8 ~ ¢ 18,701 is closer to 136.8% than 136.72, the
approximate length of the hypotenuse is 136.8 yards. /
34 Lesson 18: Applications of the Pythagorean Theorem EUREKA
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115+ 74+ 136.8 = 325.8
The player ran approximately 325. 8 yards.
378 — 325.8 =52.2

The player ran approximately 52. 2 fewer yards than the rest of the team.

3. The area of the right triangle shown below is 51.24 in?.
a.  What is the height of the triangle?

Let h in. represent the height of the triangle.

A—lbh
2

1
51.24 = ) (8.4)h

51.24 = 4.2h
51.24 4.2

4.2 42

12.2=h

84in The height of the triangle is 12. 2 in.

¢
!

b. What is the perimeter of the right triangle? Round your answer to the tenths place.

Let ¢ in. represent the length of the hypotenuse.
8.4% +12.2%2 = ¢?

In order to find the
perimeter, | first need all

70.56 + 148.84 = ¢* three sides. To find the
219.4 = ¢? hypotenuse, | can use the
Pythagorean theorem.
V219.4 = /¢?

14.8= ¢

The number\219.4 is between 14 and 15. In the sequence of tenths, the number is between

2
14.8 and 14.9 because 14.8? < (V219.4)" < 14.92. Since 219.4 is closer to 14.8% than

14.92, the approximate length of the hypotenuse is 14.8 in.

84 +12.2 +14.8 =35.4

The perimeter of the triangle is approximately 35.4 in.
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G8-M7-Lesson 19: Cones and Spheres

1. Whatis the lateral length of the cone shown below? Give an approximate answer rounded to the
tenths place.

Let ¢ in. be the lateral length in inches.

| know the slanted part of the cone is

112 + 32 = ¢2 called the lateral length. | can use the
121+ 9 = ¢2 Pythagorean theorem to find its length.
130 = c*
1in V130 = \/E’-‘
130 =¢
3in

The number V130 is between 11 and 12. In the sequence of tenths, it is between 11.4 and 11.5.
Since 130 is closer to 11. 42 than 11. 5%, the approximate value of the number is 11. 4.

The lateral length of the cone is approximately 11.4 in.

2. The cone below has a base radius of 6 cm in length and a lateral length of 10 cm. What is the volume of
the cone? Give an exact answer.

Let h cm represent the height of the cone.

| can use the Pythagorean\

2 2 _ 1n2
6°+h" =10 theorem to find the height
36 + h? = 100 of the cone. The volume of
2 _ 1
h” = 64 the cone is;Bh. B is the
vh% =64 area of the base, which is a
h=28 circle. | will not estimate

since the problem asked
The height of the cone is 8 cm. e

for an exact answer. /

V= %n (36)(8)
= 96

The volume of the cone is 967 cm?.

36 Lesson 19: Cones and Spheres EU“KA
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3. Determine the volume and surface area of the pyramid shown below. Give exact answers.

The base is the shape of a square
with side lengths of 10. The four
sides (faces) are the shape of

triangles with base length of 10.

J—

10v89
2

The area of one face is

v =3(100)(8)

= @ as the volume of a cone, which is %Bh.

3

The volume of a pyramid is the same

B represents the area of the base.

800
The volume of the pyramid is = cubic units.

Let ¢ units represent the lateral length.

5% + 8% = ¢?
25 + 64 = ¢*
89 =¢ find th f | need
To find the surface area, | nee
JBG = Je2
89 =+c to sum the areas of all the faces
V89 = ¢ and the base of the pyramid.

square units, which is equal to 5v 89 square units. Since there are four

faces, the total area is 4 x 5v/89 square units, which is equal to 20v/89 square units.

The base area is 100 square units, and the total area of the faces is 20+/89 square units, so the surface
area of the pyramid is 100 + 2089 square units.

4. What is the length of the chord of the sphere shown below? Give an exact answer using a square root.

Let ¢ m represent the length of the chord.

A chord is a segment that
connects any two points on a
circle or sphere. The chord in
the diagram is the hypotenuse
of the right triangle.

The length of the chord is 6v/Z m.

EUREK-A Lesson 19:
MATH

© 2015 Great Minds eureka-math.org

GB-M7-HWH-1.3.0-10.2015

Cones and Spheres

6% + 6% = ¢?
36 +36 = ¢2 em
72 =uilt®
VTT =@
VIZ =
J62x2=c
6vVZ=c

The sides of the triangle are the
same measurement since they
are both radii of the sphere.

37



1. Find the volume of the truncated cone. o>

38

To find the volume of a truncated
cone, | must first determine the
height of the portion of the cone
that has been removed.

e bl

Write a proportion that will allow you to determine the height of the cone that has been removed.
Explain what each part of the proportion represents.
| can use ratios \

that representthe zem
corresponding

3.
> =

Let x cm represent the height of the small cone. sides of right
Then x cm + 18 cm is the height of the larger triangles. 18em
cone. 3 cm is the base radius of the small cone, Pictorially it looks

and 9 cm is the base radius of the large cone. like this:

9em /

Solve your proportion to determine the height of the cone that has been removed.

3(x+18) = 9x
3x + 54 = 9x This means the height of the cone
54 = 6x before the smaller por'.uon was
removed was 27 cm, since
9=x 9+18 =27.

Show a fact about the volume of the truncated cone using an expression. Explain what each part of
the expression represents.

I need to determine the difference
11{(9)2(27) _ En’(3)2 9) between the volume of the large cone
3 3 and the volume of the small cone.

The expression %n(‘))z (27) represents the volume of the large cone, and %n(s)z (9) isthe
volume of the small cone. The difference in volumes gives the volume of the truncated cone.

Lesson 20: Truncated Cones Eu REKA
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AStory of Ratios.

d. Calculate the volume of the truncated cone.
Volume of the small cone: Volume of the large cone: Volume of the truncated cone:
1 1 - =
V= "3'”(3)2(9) V= §1r(9)2(27) 7297 - 27 = 7027
=27 =729

The volume of the truncated cone is 7021 cm3,

| can use the same process | used
to determine the volume of a
2. Find the volume of the truncated pyramid with a square base. truncated cone to determine the

volume of a truncated pyramid.

2
AN
SD TN Let x units represent the height of the small pyramid.
EO T B N
;’; 12 \‘\ AN .2_ = X
e 8 x+12
e e . : A -
R b8 O
o S 2(x +12) = 8x
2x + 24 = 8x
24 = 6x
4=x
| learned how
to determine Volume of the small Volume of the large Volume of the truncated
the volumes of pyramid: pyramid: pyramid:
pyramids in the
last lesson. V= 1 (16)(4) V= 1 (256)(16 4096 64 4032
3 "3 (16) 3 3 3
_ 64 4096
=3 =—

4032
The volume of the truncated pyramid is Y cubic units.

EUR!KA Lesson 20; Truncated Cones 39
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3. Challenge: Find the volume of the truncated cone.

A Since the height of the truncated cone is

0.4 units, we can drop a perpendicular line

' ‘ from the top of the cone to the bottom of the
/a4 ' 5 cone so that we have a right triangle with a

/e leglength of 0.4 units and a hypotenuse of

J 7 . 0.5 units. By the Pythagorean theorem, if

b units represents the length of the leg of the

right triangle, then

To determine the radius of the larger
cone, | willadd 0.3 + 0.1 = 0.4. The
radius of the larger cone is 0.4 units.

0.4% + b? = 0.5
0.16 + b% = 0.25
b? = 0.09
b=0.3.

I need to determine the \
radius of the larger cone. |
drew this picture to help:

0.4] \0.5

\ 01 b /

The part of the radius of the bottom base found by the Pythagorean theorem is 0. 3 units. When we
add the length of the upper radius (because if you translate along the height of the truncated cone, it
is equal to the remaining part of the lower base), the radius of the lower base is 0. 4 units.

Let x units represent the height of the small cone.
0.1 x
0.4 x+0.4
0.1(x+0.4) = 0.4x

0.1x+0.04 =0.4x

Now that | have all the

information | need, the
problem is the same as

exsil . 0.04 =0.3x
ropiem 1. 034—
03 *~
4 B 2 __
30 15
Volume of the small cone: Volume of the large cone:
1 2 1 8
I
371'(0 1) 1E 37{(0 4) TE
BIEAE G
=\3/\100/\15/™ =\3 (100 15"
2 128
= —1I e el | B
4500 4500
B 1 - 64
= 2250”7 ~ 22507

63 .
The volume of the truncated cone is Sen cubic units.

Lesson 20: Truncated Cones
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The height of the

2
large cone is — + 0.4
15

8
which is equal to —.
15

Volume of the truncated cone:

64 1

~ 2250 22507
(64 1

=loer—
2250 2250)
63

~2250"

v
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Homework Helper e A Story of Ratios 8e7

G8-M7-Lesson 21: Volume of Composite Solids

1. What volume of gel is required to completely fill up the lava lamp shown below? Note: 8 in.is the height
of the truncated cone, not the lateral length of the cone.

Let x in. represent the height of the portion of the cone that has been removed. . —4in
4 x :
I need to find the volume 6 x+8
of the large cone and the 4(x+8) = 6x 8in
volume of the cone that 4x + 32 = 6x ] - 6in
was removed like | did in 32 =2x /
the previous lesson. 32
5 = x
16 =x
Volume of the removed cone: Volume of the cone:
1 = 1 o s A .
V= gn(t}) (16) V= §rz(6) (24) 4in
256 864
= —1Tr = e TT
3 3

Volume of one truncated cone:
864 256 (864 256)
T

e, FF e e | —— e —

There are two congruent

3 3 3 3
608 truncated cones that make up
= "*é*“ff the volume of the lava lamp. |
need to multiply my result by

1216
The volume of gel needed to fill the lava lamp is ——1 in3. 2 for the total volume.

a. Write an expression for finding the volume of the prism with the pyramid portion removed. Explain
what each part of your expression represents.

s I 5 | will subtract the volume of the
(16)° — = (16) :
3 pyramid from the volume of the cube.
5 4m . 3 1 3,
- The expression (16)" is the volume of the cube, and 5 (16)° is the
I volume of the pyramid. Since the pyramid’s volume is being removed
= from the cube, we subtract the volume of the pyramid from the cube.
SRRSO { oY om

B el |- ] 5 : | [

Eu REKA Lesson 21: Volume of Composite Solids a1
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b.  What is the volume of the prism shown above with the pyramid portion removed?

Volume of the prism: Volume of the pyramid:
V= (16)° v =2 (a096) | determined the
= 4096 3 volume by
4096 4096\ _ 8192
e 4096 - (5-) =52

8192
The volume of the prism with the pyramid removed is 3 cm®,

3. What is the approximate volume of the rectangular prism with two congruent cylindrical holes shown
below? Use 3.14 for m. Round your answer to the tenths place.

/ Volume of the prism:
The diagram shows the m—
diameters of the "*f:'"‘m_';"._'j“’“t:“'f“’?” ! V=0an®az)
cylindrical holes. The e ¥ - a7 2in = 1056
radius will be half the i e
diameter. The height of [ ] o Volume of queyiinder:
the cylinder is the same : ; — =78 in V = m(1.5)%(8)
as the width of the prism. = e =187

\ ~ 56.52

1056 — 56.52 — 56.52 = 942.96

The volume of the prism with the cylindrical holes is approximately 943 in®.

4. What is the exact total volume of the barbell shown below? Note: The two spheres are joined together
by a cylinder.

Volume of each sphere:  Volume of cylinder:

o e v =ty V = (0.5)n(8)
AT 3

=2
= 361

The diagram shows the

diameters of the spheres. The 36m +36m + 2 = (36 + 36 + 2)m = 74w
radius will be half the diameter. . 3
The total volume of the barbell is 741 in”.

42 Lesson 21: Volume of Composite Solids EUREKA
MATH

© 2015 Great Minds eureka-math.org
GB-M7-HWH-1.3.0-10.2015

)32 3)0)0))



)I)IIDI3IIDII3ID0I)I33)I 2333 ) )0)))0))

j

) IIIIIIIDIINIIIDI)

G8-M7-Lesson 22: Average Rate of Change

1. Complete the table below for more intervals of water levels of the cone discussed in class. Then, graph

the data on a coordinate plane.

Time (in minutes)

Water Level (in feet)

0.028 1 b
0.055 1.25 r I will use the proportion \
3 7.5
hlveady now 0.15 L75 \ radius - water level
some ?f the 0.22 B \ find the radius like we did
times it takes 0.32 2.25 \ in class. Next, | will
to fill the cone o 0.58 275 \  determine the volume of
from the work " 075 3 the cone with the radius |
I did in class. j 1'78 A just determined. | will
X, . divide this amount by the
3.49 5 rate, 6 ft* per minute, at
which the cone is being
| will add to filled to give me the time it
the graph takes to fill the cone to the
we started Qven heights. /
in class.
51 &
Water
Level
in 4 Mo
feet
e @
L
L3
2 &
@
10
% 05 1 15 2 _ 25 3 3.5 4 45 5 55 6
Time in minutes
Lesson 22; Average Rate of Change 43
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2. Complete the table below, and graph the data on a coordinate plane. Compare the graphs from
Problems 1 and 2. What do you notice? If you could write a rule to describe the function of the rate of
change of the water level of the cone, what might the rule include?

N fxtS
The inputs are all 1 4
perfect squares. | 4 5
need to add 3 to the 9 6
result of y/x for each 16 7
of the outputs. 25 8
36 9
49 10
64 11
11 -
U
10 -
] -
8 °
bd -
& -
4ie
3
2
1
i
P G -] 10 15 20 25 30 as 40 45 L] 65 60 65 70

The graphs are similar in shape. The rule that describes the function for the rate of change likely
includes a square root. Since the graphs of functions are the graphs of certain equations where their
inputs and outputs are points on a coordinate plane, it makes sense that the rule producing such a
curve would be a graph of some kind of square root.

44 Lesson 22: Average Rate of Change EURE
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Homework Helper

A Story of Ratios

G8-M7-Lesson 23: Nonlinear Motion

1. Suppose a ladder is 12 feet long, and the top of the ladder is sliding down the wall at a rate of 0.9 ft. per

second. Compute the average rate of change in the position of the bottom of the ladder over the

intervals of time from 0 to 0.5 seconds, 3 to 3.5 seconds, 7 to 7.5 seconds, 9.5 to 10 seconds, and 12 to

12.5 seconds. How do you interpret these numbers?

/

| can use a
calculator to help
with the
substitution of
the input, ¢, into
the equation to

ngt the output, d.

The average rate of change between 0 and 0.5 seconds is
3.26-0 3.26

Input Output
t d=144 - (12-0.9t)% ,
\// ‘\I/fWe did an example \
/ 0 VO =0 \ like this in class
0.5 10.60 ~ 3.26 e
represented the
3 V57.51 = 7.58 distance from the
35 CEEB ~ 8.1 bottom of the ladder
to the corner where
74 v111.51 = 10.56 the wall intersected
the floor.
7.5 116.44 ~ 10.79 \\ /
9.5 v132.1 = 11.49
10 V135 ~ 11.62
12 vV142.56 =~ 11.94
12.5 V143.44 =~ 11.98

=6.52.

0.5-0 0.5
The average rote of change between 3 and 3.5 seconds is
0.52

8.1-7.58

= 1.04.

3.5-3 0.5
The average rate of change between 7 and 7.5 seconds is
10.79 — 10.56 B 0.23

= 0.46.

7.5 =7

EUREKA
MATH

T 0.5

Lesson 23:

© 2015 Great Minds eureka-math.org
GB-M7-HWH-1.3.0-10.2015

Nonlinear Motion

The average rates are not\
the same over the time
intervals. This means

that the ladder is not

sliding down the wall at a
constant rate. This

means the average rate

of change is not linear. /
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The average rate of change between 9.5 and 10 seconds is
11.62-11.49 0.13
10-9.5 0.5
12.5 ds i
The average rate of change between 12 and seconds is ( T —

11.98-11.94 0.04 o .8 smaller as the ladder slides

12.5-12 0.5 \\down the wall.

The average speeds show that the rate of change in the position of the bottom of the ladder is not
linear. Furthermore, it shows that the rate of change in the position at the bottom of the ladder is quick
at first, 6. 52 feet per second in the first half second of motion, and then slows down to 0. 08 feet per
second in the half second interval from 12 to 12.5 seconds.

0.26.

Will any length of ladder, L, and any constant speed of sliding of the top of the ladder v ft. per second,
ever produce a constant rate of change in the position of the bottom of the ladder? Explain.

No, the rate of change in the position at the bottom of the ladder will

never be constant. We showed thot if the rate were constant, there would

be movement in the last second of the ladder sliding down that wall that

would place the ladder in an impaossible location. That is, if the rate of | tried this experiment

change were constant, then the bottom of the ladder would be in a with a book, and | could

location that exceeds the iength of the ladder. Also, we determined that see that the book slid

the distance that the bottom of the ladder is from the wall over any time down the wall quickly at

period can be found using the formula d = /L2 — (L — vt)2, whichis a first but slowed down

nonlinear equation. Since graphs of functions are equal to the graph of o \Whe" it hit the floor. Yy,

certain equation, the graph of the function represented by the formula
L? — (L — vt)? is not a line, and the rate of change in position at

the bottom of the ladder is not constant.

In class, we learned that the

equationd = /L% — (L — vt)?is
not linear. This means the average
rates of change will not be constant.

46 Lesson 23: Nonlinear Motion Eu “KA
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