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1.  Lesson Title:  That’s Radical! 

A. Grade Level:  9th
B. Topic:  Radical Operations
C. Materials:  Chalk Board (Dry Erase Board), Chalk, “Radical Operations” worksheet. Portions of this lesson were taken from: http://regentsprep.org/Regents/Math/radicals/Laddsubt.htm.  
2. Lesson Overview:    

In this lesson students will explore radicals.  They will be reminded of what a radical is and how to simplify radicals.  They will also use their ability to simplify radicals to assist them in performing radical operations, namely addition and subtraction.  Students will work with a partner and will practice adding and subtracting both radicals that they need to simplify and ones that they do not.  Finally, they will complete problems taken from the Math A exam to assess their proficiency.  
3. Lesson Objectives: 
- Students will develop the ability to breakdown un-simplified radicals into their perfect square components. 

-Students will create a radical operations problem and use the skills they have developed to analyze the problem and determine if the problem needs to be simplified.  They will breakdown and simplify the radicals, if necessary, and perform the necessary operations.  
4. NYS Standard Key Idea(s):  
NYS Key Idea 3A:  Use addition, subtraction, multiplication, division, and exponentiation with real numbers and algebraic expressions.
5. Anticipatory Set:  
Write on the board vertically in this order [image: image2.png]27,3%, 47,
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.  Ask the students to evaluate these and write them on the board next to the problem (Ex. [image: image4.png]


 = 4).  Now ask them if they have heard of square roots or radicals.  Draw a square on the board that is 2x2, four units.  How do they find the side length?  This is how we find square roots and this symbol is the radical (√).  Now go through and rewrite each answer under the radical and find the square root.  Explain to the students that these are all perfect squares and it will not always be like this.  Tell the students we are going to look at these situations as well as some radical operations and we can use these skills to solve equations.  
6. Developmental Activity: (Note: When there is five - seven minutes left, proceed to the closure and assessments sections of the lesson)
1. Arrange the students in pairs (if possible).  They will work with these partners for the entire assignment.  Assign roles, one will record the work and the other student will respond.  Hand out one worksheet for each pair of students. Tell them that we are going to work on adding and subtracting radicals.  

2. Tell the students that when we are adding or subtracting radicals we need to first ask ourselves if the radicals are the same? For Example if we have 2√3 + √3 (write on board) how would we evaluate this?  Give them a second to work on this with their partners.  Have them contribute their answers.  Explain to the students that since the numbers under the radicals are the same they can simply add the numbers in front of the radical (not the number under the radical) and we have 3√3.  Notice that when we add radicals that are the same it is like adding variables Ex. 2x + x = 2x because we have two x’s.  In this case we have three √3’s.

3. Subtraction, when we have the same number under the radical, can be performed similarly.  For example 2√3 - √3 = √3 (write on board and have them perform).  

4. Have the students answer questions 1-4 on Part I of the “Radical Operations” worksheet with their partners.  When finished have the responder give their answers.  

5. Tell the students that these are examples when the numbers under the radicals are the same but this will not always be the case.  For example how would we add √2+ 3√50?  Let the students discuss with their partners and contribute any ideas they may have. 

6. This leads us to the next step; if the radicals are not the same, can we simplify either radical?  To determine if a radical can be simplified, find the largest perfect square that will divide evenly into the number under your radical sign.  This means that when you divide, you get no remainders, no decimals, and no fractions.  If the number under your radical cannot be divided evenly by any of the perfect squares, your radical is already in simplest form and cannot be reduced further (Ex. √3). 
7. If we can simplify then do this.  To simplify a radical we write the number appearing under your radical as the product (multiplication) of the perfect square and your answer from dividing. Give each number in the product its own radical sign.  Reduce the "perfect" radical that you have now created. Now if the radicals are the same, we can add or subtract them.  If they are not the same we cannot add or subtract them. When discussing these steps use the example of √72. √72 = √36x2 (because 36 is a perfect square) = √36√2 = 6√2.  
8. So for our example (work this out on the board), √2+ 3√50, we cannot simplify √2 any further because it does not have a perfect square factor.  However, the other part, 3√50, can be simplified because 50 can be divided by a perfect square, 25 (2x25).  So for 3√50 we have to first look at the radical √50.  The greatest perfect square is 25 so we can rewrite 3√50 as 3√25x2 = 3√25√2 = 3x5x√2.  Now we have √2+ 3√50 = √2 + 15√2=16√2.

9. Have the students complete numbers 5 and 6 on the “Radical Operations” worksheet.  

10. Review these problems with the students having the responder give you their answers.  

11. Have the students complete Part II of the “Radical Operations” worksheet.  For this the students will, with their partners, create a radical operations problem and then complete then evaluate the problem.  When they are finished have them present the problem they created and discuss how they evaluated the problem.  

7. Closure:  

Discuss with them what we have done.  What do we do when we are adding or subtracting radicals with the same number under the radical (add them directly)?  What do we do when they do not have the same number under the radical (determine if they can be simplified and, if possible, simplify?  How can we simplify radicals when this is the case (find the largest perfect square factor of the number under the radical)? After they are simplified what can we do (attempt to add or subtract the radicals again but if they are simplified and they still cannot be combined there is nothing else we can do)? 

8. Assessments: 
For assessment have the students complete problems 1 and 2 from Part III of the “Radical Operations” worksheet. These problems were taken directly from past Math A exams so make sure to stress this to the students. 
Radical Operations
Part I.
Directions - Simplify the following expressions.  

1. √3 + 4√3

2. 4√3 - √3

3. 4√3 + 2√3 - 6√3 

4. 3√5 + 6√2 - 3√2 + √5

5. √9 + √25

Part II. 

With your partner, create a radical operations problem using addition and subtraction and then evaluate that problem.  When you are finished be prepared to discuss how you created and solved the problem.  

Part III.

Directions - Answer the following questions taken from past Math A exams. 
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