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8th Grade Math Fourth Quarter 

Module 7: Introduction to Irrational Numbers (35 days) 
Unit 1:  Rational and Irrational Numbers 

By Module 7 students have been using the Pythagorean Theorem for several months. They are sufficiently prepared to learn and explain a proof of the theorem on their own. The 
Pythagorean Theorem is also used to motivate a discussion of irrational square roots (irrational cube roots are introduced via volume of a sphere). Thus, as the year began with 
looking at the number system, so it concludes with students understanding irrational numbers and ways to represent them (radicals, non‐repeating decimal expansions) on the real 
number line. 
This unit introduces the real number system and how real numbers are used in a variety of contexts. Students become familiar with irrational numbers (especially square and cube 
roots), but also learn how to solve equations of the form x2 = p and x3 = p. Incorporating the Equations and Expression standards with the Number System standards provides 
context and motivation for learning about irrational numbers: for instance, to find the side length of a square of a certain area.  
Students in Grade 7 learn to differentiate between terminating and repeating decimals. In Grade 8, students realize that terminating decimals are repeating decimals that repeat the 
digit zero. They use this concept to identify irrational numbers as decimals that do not repeat a pattern. They learn to use rational approximations of irrational numbers to represent 
the value of irrational numbers on a number line. Students in Grades 6 and 7 have learned to use expressions, equations and inequalities to represent problem solving situations. 
Students in Grade 8 will expand upon those skills to include work with very large and very small numbers involving the use of integer exponents. 
Beginning with familiar number sense topics helps students transition into the Grade 8 content. Turning decimal expansions into fractions and deepening understanding of the 
meaning of decimal expansions sets a firm foundation for understanding irrational numbers. Students will learn that the square roots of perfect squares are rational numbers, and 
that the square roots of non-perfect squares, such as √2 or √7, are examples of irrational numbers. Students will understand the value of square roots and cube roots and use this 
understanding to solve equations involving perfect squares and cubes. Further work with exponents, including scientific notation, naturally flow from the understanding of squares 
and cubes. 

Big Idea: 

 Every number has a decimal expansion. 

 The value of any real number can be represented in relation to other real numbers such as with decimals converted to fractions, 
scientific notation and numbers written with exponents (8 = 2-3). 

 Properties of operations with whole and rational numbers also apply to all real numbers. 

Essential 
Questions: 

 Why are quantities represented in multiple ways? 

 How is the universal nature of properties applied to real numbers? 

Vocabulary Exponent, radical, irrational number, rational number, square root, cube root, perfect cube, perfect square 
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Common Core Standards Explanations & Examples Comments 
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8 NS.
A 

1 A. Know that there are numbers that are not 
rational, and approximate them by rational 
numbers 

Know that numbers that are not rational are called 
irrational. Understand informally that every number 
has a decimal expansion; for rational numbers show 
that the decimal expansion repeats eventually, and 
convert a decimal expansion which repeats eventually 
into a rational number. 

 

8.MP.2. Reason abstractly and quantitatively. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 

Students understand that Real numbers are either rational or 
irrational.  They distinguish between rational and irrational numbers, 
recognizing that any number that can be expressed as a fraction is a 
rational number. The diagram below illustrates the relationship 
between the subgroups of the real number system. 
 

 
 
Students recognize that the decimal equivalent of a fraction will either 
terminate or repeat.  Fractions that terminate will have denominators 
containing only prime factors of 2 and/or 5.  This understanding builds 
on work in 7th grade when students used long division to distinguish 
between repeating and terminating decimals. 
 
Students convert repeating decimals into their fraction equivalent 
using patterns or algebraic reasoning. One method to find the fraction 
equivalent to a repeating decimal is shown below. 
 
Example 1:  
Change 0. 4 to a fraction. 
 
•   Let x = 0.444444….. 
 
•   Multiply both sides so that the repeating digits will be in front of the 
decimal.  In this example, one digit repeats so both sides are multiplied 
by 10, giving 10x = 4.4444444…. 
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Additionally, students can investigate repeating patterns that occur 
when fractions have denominators of 9, 99, or 11. 
 

 
 
 

8 NS.
A 

2 A. Know that there are numbers that are not 
rational, and approximate them by rational 
numbers 

Use rational approximations of irrational numbers to 
compare the size of irrational numbers, locate them 
approximately on a number line diagram, and estimate 

the value of expressions (e.g., 
2
). For example, by 

truncating the decimal expansion of √2, show that √2 is 
between 1and 2, then between 1.4 and 1.5, and explain 
how to continue on to get better approximations. 

8.MP.2. Reason abstractly and quantitatively. 
8.MP.4. Model with mathematics. 
8.MP.7. Look for and make use of structure. 
8.MP.8. Look for and express regularity in repeated 
reasoning. 

Students locate rational and irrational numbers on the number line.  
Students compare and order rational and irrational numbers. Students 

also recognize that square roots may be negative and written as - √   

 
 
Additionally, students understand that the value of a square root can 
be approximated between integers and that non-perfect square roots 
are irrational. 
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Example 2: 

Find an approximation of √   

• Determine the perfect squares √    is between, which would be 25 
and 36. 
•    The square roots of 25 and 36 are 5 and 6 respectively, so we know 

that √    is between 5 and 6.  
•    Since 28 is closer to 25, an estimate of the square root would be  
Closer to 5.  One method to get an estimate is to divide 3 (the distance 
between 25 and 28) by 11 (the distance between the perfect squares 
of 25 and 36) to get 0.27. 

•    The estimate of √   would be 5.27 (the actual is 5.29). 
 

8 EE.
A 

2 A. Work with radicals and integer exponents 

Use square root and cube root symbols to represent 
solutions to equations of the form x

2
 = p and x

3
 = p, 

where p is a positive rational number. Evaluate square 
roots of small perfect squares and cube roots of small 
perfect cubes. Know that √2 is irrational. 

8.MP.2. Reason abstractly and quantitatively. 
8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 

 

Students recognize perfect squares and cubes, understanding that non-
perfect squares and non-perfect cubes are irrational.  Students 
recognize that squaring a number and taking the square root √ of a 
number are inverse operations; likewise, cubing a number and taking 

the cube root √
 

 are inverse operations. 

 
NOTE:  (-4)

2
 = 16 while -4

2
 = -16 since the negative is not being 

squared.  This difference is often problematic for students, especially 
with calculator use. 

 
NOTE:  there is no negative cube root since multiplying 3 negatives 
would give a negative. 
 
This understanding is used to solve equations containing square or 
cube numbers. Rational numbers would have perfect squares or 
perfect cubes for the numerator and denominator. In the standard, the 
value of p for square root and cube root equations must be positive. 
 

The balance of this 
cluster is taught in 
Module 1. 
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NOTE: There are two solutions because 5 • 5 and -5 • -5 will both equal 
25. 
 

 
Students understand that in geometry the square root of the area is 
the length of the side of a square and a cube root of the volume is the 
length of the side of a cube. Students use this information to solve 
problems, such as finding the perimeter. 
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Example 7: 
What is the side length of a square with an area of 49 ft

2
? 
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8th Grade Math Fourth Quarter 

Module 7: Introduction to Irrational Numbers (35 days) 
Unit 2:  The Pythagorean Theorem 

This unit provides further motivation and context for using square roots. In future math courses, the Pythagorean theorem will continue to play an important role.  

Big Idea: 

 Right triangles have a special relationship among the side lengths which can be represented by a model and a formula. 

 The Pythagorean Theorem can be used to find the missing side lengths in a coordinate plane and real-world situations. 

 The Pythagorean Theorem and its converse can be proven. 

 Rounded object volume can be calculated with specific formulas. 

 Pi is necessary when calculating volume of rounded objects. 

Essential 
Questions: 

 Why does the Pythagorean Theorem apply only to right triangles? 

 How does the knowledge of how to use right triangles and the Pythagorean Theorem enable the design and construction of such 

structures as a properly pitched roof, handicap ramps to meet code, structurally stable bridges, and roads? 

 How can the Pythagorean Theorem be used for indirect measurement? 

 How do indirect measurement strategies allow for the measurement of items in the real world such as playground structures, flagpoles, 

and buildings? 

 How do we determine the volume of rounded objects? 

Vocabulary 
Legs of a triangle, hypotenuse, right triangle, Pythagorean theorem, Pythagorean triple, converse of Pythagorean theorem, square root, 
cylinder, cone, sphere, volume 
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Common Core Standards Explanations & Examples Comments 

8 G.B 6 B.Understand and apply the Pythagorean 
Theorem 

Explain a proof of the Pythagorean Theorem and its 
converse. 

8.MP.3. Construct viable arguments and critique the 
reasoning of others. 
8.MP.4. Model with mathematics. 
8.MP.6. Attend to precision. 

Using models, students explain the Pythagorean Theorem, 
understanding that the sum of the squares of the legs is equal to the 
square of the hypotenuse in a right triangle.  Students also understand 
that given three side lengths with this relationship forms a right 
triangle. 
 
 
Example 1: 
The distance from Jonestown to Maryville is 180 miles, the distance 

Understanding, modeling, 
and applying (MP.4) the 
Pythagorean theorem 
and its converse require 
that students look for and 
make use of structure 
(MP.7) and express 
repeated reasoning 
(MP.8). Students also 
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8.MP.7. Look for and make use of structure. from Maryville to Elm City is 300 miles, and the distance from Elm City 
to Jonestown is 240 miles.  Do the three towns form a right triangle?  
Why or why not? 
 
Solution:  If these three towns form a right triangle, then 300 would be 
the hypotenuse since it is the greatest distance. 
1802 + 2402 = 3002 
32400 + 57600 = 90000 

90000 = 90000 ✓ 
 These three towns form a right triangle. 
 

construct and critique 
arguments as they 
explain a proof of the 
Pythagorean Theorem 
and its converse  
(MP.3).  
 

8 G.B 7 B.Understand and apply the Pythagorean 
Theorem 

Apply the Pythagorean Theorem to determine 
unknown side lengths in right triangles in real-world 
and mathematical problems in two and three 
dimensions. 

8.MP.1. Make sense of problems and persevere in 
solving them. 
8.MP.2. Reason abstractly and quantitatively. 
8.MP.4. Model with mathematics. 
8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 

Apply the Pythagorean Theorem to determine unknown side lengths in 
right triangles in real-world and mathematical problems in two and 
three dimensions. 
 
Example 1: 
The Irrational Club wants to build a tree house.  They have a 9-foot 
ladder that must be propped diagonally against the tree.  If the base of 
the ladder is 5 feet from the bottom of the tree, how high will the tree 
house be off the ground? 
 

 
Example 2: 
 Find the length of d in the figure to the right if a = 8 in., b = 3 in. and 
 c = 4in. 
 
Solution: 
First find the distance of the hypotenuse of the triangle formed with 
legs a and b. 
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The √   is the length of the base of a triangle with c as the other leg 
and d is the hypotenuse.  To find the length of d: 

 
 
Based on this work, students could then find the volume or surface 
area. 
 

8 G.B 8 B.Understand and apply the Pythagorean 
Theorem 

Apply the Pythagorean Theorem to find the distance 
between two points in a coordinate system. 

8.MP.1. Make sense of problems and persevere in 
solving them. 
8.MP.2. Reason abstractly and quantitatively. 
8.MP.4. Model with mathematics. 
8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 

One application of the Pythagorean Theorem is finding the distance 
between two points on the coordinate plane.   Students build on work 
from 6th grade (finding vertical and horizontal distances on the 
coordinate plane) to determine the lengths of the legs of the right 
triangle drawn connecting the points.  Students understand that the 
line segment between the two points is the length of the hypotenuse. 
NOTE:  The use of the distance formula is not an expectation. 
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8.MP.7. Look for and make use of structure. 

 

 

 
Example 2: 
Find the distance between (-2, 4) and (-5, -6). 
Solution: 
The distance between -2 and -5 is the horizontal length; the distance 
between 4 and -6 is the vertical distance. 
Horizontal length:  3 
Vertical length:  10 



9/25/2013     Page 11 of 14 
 

 
 
Students find area and perimeter of two-dimensional figures on the 
coordinate plane, finding the distance between each segment of the 
figure. (Limit one diagonal line, such as a right trapezoid or 
parallelogram) 
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8 G.C 9 C.Solve real-world and mathematical problems 
involving volume of cylinders, cones, and spheres 

Know the formulas for the volumes of cones, cylinders, 
and spheres and use them to solve real-world and 
mathematical problems. 

8.MP.1. Make sense of problems and persevere in 
solving them. 
8.MP.2. Reason abstractly and quantitatively. 
8.MP.3. Construct viable arguments and critique the 
reasoning of others. 
8.MP.4. Model with mathematics. 
8.MP.5. Use appropriate tools strategically. 
8.MP.6. Attend to precision. 
8.MP.7. Look for and make use of structure. 
8.MP.8. Look for and express regularity in repeated 
reasoning 

Students build on understandings of circles and volume of cylinders, 
finding the area of the base     and multiplying by the number of 
layers (the height). 

 
 
Students understand that the volume of a cylinder is 3 times the 
volume of a cone having the same base area and height or that the 
volume of a cone is 1/3 the volume of a cylinder having the same base 
area and height. 
 

 
 
A sphere can be enclosed with a cylinder, which has the same radius 
and height of the sphere (Note:  the height of the cylinder is twice the 
radius of the sphere).  If the sphere is flattened, it will fill 2/3 of the 
cylinder.  Based on this model, students understand that the volume of 
a sphere is 2/3 the volume of a cylinder with the same radius and 
height.  The height of the cylinder is the same as the diameter of the 
sphere or 2    Using this information, the formula for the volume of the 
sphere can be derived in the following way: 
 

 

Solutions that introduce 
irrational numbers are 
allowed in this module. 
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Students find the volume of cylinders, cones and spheres to solve real 
world and mathematical problems.  Answers could also be given in 
terms of Pi. 
 
Example 1: 
James wanted to plant pansies in his new planter. He wondered how 
much potting soil he should buy to fill it. Use the measurements in the 
diagram below to determine the planter’s volume. 
 

 
 
Example 2: 
How much yogurt is needed to fill the cone below? Express your 
answers in terms of Pi. 
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Example 3: 
Approximately, how much air would be needed to fill a soccer ball with 
a radius of 14 cm? 

 
“Know the formula” does not mean memorization of the formula.  To 
“know” means to have an understanding of why the formula works 
and how the formula relates to the measure (volume) and the figure.  
This understanding should be for all students.  Note:  At this level 
composite shapes will not be used and only volume will be calculated. 

 


