Dividing Monomials
Math A (Grade 9)

Section 8-2 Dividing Monomials

Materials: chalkboard/whiteboard


       chalk/markers


       calculators


       worksheets

***All worksheets will be provided***
Lesson Overview: Students will learn how to divide monomials with positive, negative, and zero exponents by splitting the numerator and denominator into factors or by subtracting the exponents. Students will also learn how to simplify expressions involving powers of a quotient.
Lesson Objectives:

Students will be able to apply the different methods of simplifying expressions involving the quotient of monomials. (Application)

Students will be able to compare the different methods of simplifying expressions involving the quotient of monomials. (Synthesis)
Students will be able to evaluate which method of dividing monomials with positive, negative, and zero exponents is the most efficient. (Evaluation)
NYS Standards:

· Key Idea 3 – Operations

· Use addition, subtraction, multiplication, division, and exponentiation with real numbers and algebraic expressions (3A)

· Powers: positive, zero, and negative exponents (3B)
Anticipatory Set: Give the students the Dividing Monomials worksheet. Complete the first section as a class. Ask the students: How can we simplify these fractions in lowest terms? Have the students write out both the numerator and denominator in terms of its factors.
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and
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Ask: What do you notice about the answers you got? (The exponents are subtracted, the denominator from the numerator, in both cases to get the answer.) Point out to the students that this is opposite to what they learned the previous day on how to multiply monomials. Discuss how these methods can be applied to simplifying variable expressions.

Time: 7 minutes

Developmental Activity: 

1. Go over Example 1 as a class. Have the students tell you how to simplify the expression in two ways; by writing out the factors (and then canceling the terms) and by subtracting the exponents. Ask: Did you get the same answer? (Yes) Discuss which method they like better.

2. Go over Example 2 a) as a class. Have the students walk you through how to solve (simplify) the problem. If they have difficulty, show them step by step how to group the powers with the same base first and then subtract the exponents.

3. Have the students complete Example 2 b) on their own or with a partner. (Give the students a hint if they need one on how to divide the coefficients.) Have one student come up to the board to show and explain to the rest of the class how to solve (simplify) it.

4. Go over Example 3 a) as a class. Ask: What do you notice about the exponents? (They are both 3) What do you think the rule is for finding the power of a quotient? 

5. Have the students complete Example 3 b) on their own or with a partner. Have one student come up to the board to show and explain to the rest of the class how to solve it.  Remind students to distribute the exponent to both multiples in the numerator.
6. Have the students walk you through Example 4. The students should notice that one method gives you the answer 20 and method 2 gives you the answer 1. Explain that there can’t be two answers (This is confusing. There is one answer to both problems – and it is the same answer) to the problem, therefore, 20 = 1.

7. Have the students complete Example 4 a.) and b.) on their own or with a partner. Go over the answers as a class.

8. Have the students complete Method 1 and Method 2 of Example 5 on their own or with a partner. Ask: What do you notice about the two methods? (They should note that they get two answers.) Explain that much like the previous example, there can’t be two different answers (This is confusing. There is one answer to both problems – and it is the same answer), therefore they must be equal. Make sure the students understand that by moving the monomial from the numerator to the denominator or vice versa, the exponent changes signs. This is called the reciprocal. **Make the connection to the slopes of perpendicular lines (only there is not a negative or opposite value – it is the exponent that is becoming negative, this is a concept that could confuse the students!).

9. Go over the last expression as a class, having the students walk you through the steps.

10. If there is time, have the students complete the challenge problems. If not, they can do them for homework for extra credit.

Time: 25 minutes
Closure: Discuss all of the properties they learned today. Ask: What are the different properties of dividing monomials with exponents? (To divide monomials, you subtract the exponents. Anything to the 0 power is 1. Negative exponents can be written as positive exponents by taking the reciprocal.) How are they related to what you learned yesterday on multiplying monomials with exponents? (You have to use the opposite operations. For multiplying, you add the exponents, for dividing you subtract the exponents.)
Time: 5 minutes
Assessment: Have the students complete the Exit Ticket and hand it in before they leave.

Time: 3 minutes

Name: ______________________________________________ Period: ____________

Dividing Monomials
In the following examples, use the definition of power to find the quotient. See if you can find a pattern in the exponents.
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Property of Exponents: To divide two powers with the same base, subtract the exponents. 

In your own words: _______________________________________________________

________________________________________________________________________

Example 1: Simplify this expression in two ways. Did you get the same answer?
Method 1:  
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Method 2:        
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Example 2: Simplify these expressions using the properties of exponents.

     a.)     
[image: image7.wmf]
     b.)      
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Example 3:  Simplify. What do you notice?

     a.)   
[image: image9.wmf]
Using this example, we can develop a rule for finding the power of a quotient.

Power of a Quotient: To find the power of a quotient, find the power of the numerator and the power of the denominator.

In your own words: _______________________________________________________

________________________________________________________________________

      b.)  Simplify:      
[image: image10.wmf]
Example 4: Zero Exponent

Put 20 in your calculator. What do you get? ______________ 30? ____ 40?______
To understand why the calculator gives you this answer, simplify 
[image: image11.wmf] using two methods:

Method 1:   
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Method 2:  
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This is true for any base raised to the power of 0.

Simplify:   a.)     
[image: image14.wmf]

      b.)       
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Example 5: Negative Exponents

Simplify  
[image: image16.wmf]  in two ways.

Method 1:   
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Method 2:   
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[image: image19.wmf] is the _______________ of   
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If this is true for any negative exponent, what does 
[image: image21.wmf] equal?  _________________

What about 
[image: image22.wmf]? ______________

Simplify:    
[image: image23.wmf]
Challenge:
Simplify:

a.)  
[image: image24.wmf]
b.) 
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 EMBED Equation.3  [image: image26.wmf]

Name: ___________________________________________ Period: ________________

Exit Ticket
Directions: Simplify the expression using the properties of exponents. Show all work!!

The expression 
[image: image27.wmf] is equivalent to

(1) 
[image: image28.wmf]                (2) 
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 (3) 
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     (4) 
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_______________

Name: ______________________________________________ Period: ____________

Dividing Monomials
In the following examples, use the definition of power to find the quotient. See if you can find a pattern in the exponents.
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Property of Exponents: To divide two powers with the same base, subtract the exponents. 

In your own words: subtract the exponent of the denominator from the exponent of the numerator
Example 1: Simplify this expression in two ways. Did you get the same answer?
Method 1:  
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Method 2:        
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Example 2: Simplify these expressions using the properties of exponents.

     a.)     
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     b.)      
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Example 3:  Simplify. What do you notice?

     a.)   
[image: image38.wmf]
Using this example, we can develop a rule for finding the power of a quotient.

Power of a Quotient: To find the power of a quotient, find the power of the numerator and the power of the denominator.

In your own words: make the power on the outside of the parenthesis the power on both the numerator and the denominator.
      b.)  Simplify:      
[image: image39.wmf] Uh, oh!  2^3 is not 2!
Example 4: Zero Exponent

Put 20 in your calculator. What do you get?   ___1__

To understand why the calculator gives you this answer, simplify 
[image: image40.wmf] using two methods:

Method 1:   
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Method 2:   
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Therefore, 20 = 1!
This is true for any base to the power of 0.

Simplify:   a.)     
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      b.)       
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Example 5: Negative Exponents

Simplify  
[image: image45.wmf]  in two ways.

Method 1:   
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Method 2:   
[image: image47.wmf]

Therefore, 
[image: image48.wmf] !

[image: image49.wmf] is the reciprocal of   
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If this is true for any negative exponent, what does 
[image: image51.wmf] equal? 
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What about 
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Simplify:    
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Challenge:
Simplify:

a.)  
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b.) 
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 EMBED Equation.3  [image: image58.wmf]

Name: ___________________________________________ Period: ________________

Exit Ticket
Directions: Simplify the expression using the properties of exponents. Show all work!!

The expression 
[image: image59.wmf] is equivalent to

(1) 
[image: image60.wmf]                (2) 
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 (3) 
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     (4) 
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Lesson Title:  Scientific Notation.  Grade 9.  This lesson will cover converting numbers in standard form to scientific notation, converting numbers in scientific notation to standard form, and multiplying and dividing numbers in scientific notation.  The materials required will be the attached worksheets and graphing calculators.

Lesson Overview:  Students will first convert standard numbers to scientific notation, first by hand, and then with the use of a calculator.  They then will then convert numbers from scientific notation back to standard form.  Then the students will multiply and divide numbers while keeping them in scientific form.

Lesson Objectives:

· Students will be able to distinguish between numbers written in standard form and numbers written in scientific notation.

· Students will be able to apply the commutaiive (<- spelling) property to multiplying numbers in scientific notation.

NYS Standard
· Key Idea 3A: Operations – Use addition, subtraction, multiplication, division, and exponentiation with real numbers and algebraic expressions.

Anticipatory Set:  (Five Minutes) Make sure the students each have a calculator.  Then, on the board, write the following three expressions:


[image: image65.wmf]                                
[image: image66.wmf]                                 
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For the first expression, have the students first multiply the exponents, so 
[image: image68.wmf].  Make sure to remind the students that when you multiply the same numbers with different exponents, you have to add the exponents’ values and then apply the value to the number.  Then, using their calculators, have the students further evaluate the expression, so 
[image: image69.wmf].

Then, do the same for the second expression, so 
[image: image70.wmf].  Also remind the students that unlike multiplying exponents, where you add the exponents’ value, when dividing exponents, you have to subtract their exponents’ values.

For the last expression, 
[image: image71.wmf], do the same process that you did for the first to examples, so 
[image: image72.wmf].  Have the students note that when they evaluated 
[image: image73.wmf], they (really just <-remove) started with the number 10, and moved the decimal place to the left 4 values (spaces? decimal places?).

Developmental Activity: (30 minutes)

1. Hand out the attached set of notes titled, “Scientific Notation.”

2. Have a student volunteer to read the first two paragraphs.

3. Write the example from the notes on the board.  Show the students step by step how to convert from scientific notation.  Make sure to count the number of decimal places that were moved.  You can show this by writing loops under the decimal places.  This will help to show the students what it means to move the decimal place.

4. Have the students work on their own on the three examples.

5. Write the three problems on the board.  Have the students volunteer to come up to the board to show their steps to the class.  If there are no volunteers, show how the first example is done on the board so that the students will see if they are correct.

6. When dealing with negative exponents, you are just moving the decimal place to the left.  Write the example on the top of the second page of the notes on the board.  The same way as step three, show how the decimal places were moved.

7. Have the students work on their own on the next three examples.

8. Again, have the students volunteer to show their work on the board.

9. Have a student volunteer to read the next to paragraphs aloud to the class.

10. Go through the example on how to convert a number to scientific notation on the board.  Make sure to point out how the similarities between converting from scientific notation and converting to scientific notation.

11. Pass out the double-sided handout labeled on one side, “Multiplication with Scientific Notation” and the other side “Division with Scientific Notation.”  Start with the multiplication side. (This is too long. These two parts can be in a separate day. State which problems MUST be done and which are optional.)
12. Read the few first paragraphs of the handout and then put the example on the board, following the directions in the handout.

13. Then, have the students work in pairs to multiply numbers that are in scientific notation.  While they are doing this, walk around the room to assist any of the students who may be having difficulties.

14. Go over all three of the examples on the board.  Have the students compare their answers to the answer on the board.

15. Have the students flip the page over to “Division with Scientific Notation.” Read the first few paragraphs on the handout.

16. Go over the example on the board.  Then, have the students break into the same pairs to work on division of scientific notation numbers.  While they are doing this, observe and assess their work.

17. Go over both examples on the board.  Have the students compare their answers.

Closure: Review the main points of the lesson (2 minutes)

1. What a number in scientific notation looks like.

2. How to convert a number from scientific notation to standard form.

3. How to convert a number to scientific notation from standard form.

4. What to do when you multiply numbers in scientific notation.

5. What to do when you divide numbers in scientific notation.

Assessment: (3 minutes) – There are many opportunities to assess the students during the class.  Steps 4 and 5 of the developmental activity are the first opportunity to do so.  When the students are working on the examples (like they do in step 4, 7, 13, and 15), you have an opportunity to go around to the students to see how well they understand the lesson.  One formal assessment will be the ticket out the door, which is attached.  With three minutes left in the class, hand out the ticket out the door, and make sure to collect it then, it is not homework.

Scientific Notation

When dealing with very, very large numbers or very, very small numbers, keeping track of the pace value can be a bit difficult.  Even writing these numbers can be difficult.  That is why really large numbers and really small numbers can both be expressed in scientific notation.

Scientific notation is a number that is written as a product of a factor and a power of ten.  In other words, it is expressed as a number (between 1 and 10) times the number 10 to a power.

For example, 
[image: image74.wmf]is written in scientific notation (Find something from the real world that this value represents, like the distance to the sun).  What that really means is that 
[image: image75.wmf].

What we did was multiply 3.24 and 1024.  But using the order of operations, we converted 1024 to 1,000,000,000,000,000,000,000,000 and then multiply that by 3.24.

But if you look at it, what we really did was just move the decimal place the right.  How many times places did we move the decimal place?

If you are converting to standard form, you can simply move the decimal place to the right as many places as is the number in the exponent.  What we did for the first example was just move the decimal place 24 places to the right.

Convert the following to standard form:
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ANSWERS?

[image: image78.wmf]
But what if you have a negative exponent????

Well, all you have to do is move the decimal place to the left.  Just move the decimal place the left as many places as the absolute values of the number in the exponent.

So, for example, 
[image: image79.wmf] Find something from the real world that this value represents, like the width of an atom).  We just moved the decimal place 15 spots to the left.

Try the following:
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ANSWERS?

[image: image82.wmf]
Well, how do you convert a large number to scientific form?  Well, move the decimal point so that it is to the right of the first non-zero digit.  Then, count the number of places AND the direction which you moved the decimal point. (Emphasize that the number must be between 0 and 10.  What values are between 0 and 10?)
If the decimal point is moved to the left, write it as the number 
[image: image83.wmf].

If the decimal point is moved to the right, write it as the number 
[image: image84.wmf].

For example, 
[image: image85.wmf].  To get this, we moved the decimal place six spots to the left, so we ended up with the number 6.5.  Since we moved the decimal place left, we multiply 6.5 by 10 to the positive 6.

Try to convert the following into scientific notation:

70,500,000 =



5,000 =

0.000000245 = 



0.025 = 

ANSWERS?
0.000785 = 




125,000 =

Multiplication with Scientific Notation

What if we are asked to multiply numbers that are already in scientific notation?

Take for example, 
[image: image86.wmf].

We could put them in standard form, so 
[image: image87.wmf], and then multiply them.  But is there an easier way?  Of course there is!!


[image: image88.wmf] is just really 
[image: image89.wmf].

That can be expressed as 
[image: image90.wmf].  We can change the order in which we multiply.  We can do this because of the ​​​​​​​​____________ property.

Now, we can multiply
[image: image91.wmf] and 
[image: image92.wmf].  We are then left with 
[image: image93.wmf] and 
[image: image94.wmf], or 
[image: image95.wmf].  That is almost a complete answer.  To be in scientific notation, the number we are multiplying by a power of ten has to be between 1 and 10.  

So we can convert 14.5 into scientific notation. 
[image: image96.wmf], and we are multiplying that by 
[image: image97.wmf], so 
[image: image98.wmf].   We combine 
[image: image99.wmf] to arrive at our final answer: 
[image: image100.wmf].

Try the following:
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[image: image102.wmf]




ANSWERS?

[image: image103.wmf]
Division with Scientific Notation

Division with scientific numbers works pretty much the same as multiplication does.  With multiplication, we multiplied the numbers by each other, we multiplied the powers of ten by each other, and then simplified.

Take for example 
[image: image104.wmf]
Using the associative property split the problem up into two parts;


[image: image105.wmf]
Then divide each, so we are left with 
[image: image106.wmf].

Then, like we did for multiplication, convert .245 to scientific notation.


[image: image107.wmf] and we multiply that by 104, or 
[image: image108.wmf].

We combine 
[image: image109.wmf] to arrive at our final answer: 
[image: image110.wmf].

Try the following:
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ANSWERS?
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NAME_________________________

Evaluate the equation and express in scientific form:
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ANSWERS?
NAME_________________________

Evaluate the equation and express in scientific form:
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Sara, Bill, and Heather

Week 9 – Day 3

Title: Introduction to Polynomials

Grade: 9th
Topic: Polynomials

Materials:



Sara, do you need any of the items?

Student – pencil, paper, scrap paper, MATH board, colored chips

Teacher – MATH (BINGO) boards, MATH (BINGO) cards, colored chips, dry erase markers/chalk

***All worksheets and MATH boards will be provided!!!
Lesson Overview: 

Students will fill in definitions of polynomials and write down several of their own examples.  Students will play MATH (BINGO) to review the key concepts in today’s lesson.

Lesson Objectives: 

Students will be able to categorize given expressions as specific polynomials. (analysis)

Students will be able to select and decide whether a given vocabulary word or expression represents the correct answer on their MATH (BINGO) board. (evaluation)

NYS Standards:
Key Idea 3 – Operations (3B): Use integral exponents on integers and algebraic expressions.
Anticipatory Set: (5 minutes)


Write the following prefixes on the board:

Poly-


Mono-

Bi-

Tri-

Ask the students if they are familiar with these prefixes and what they mean. Students should relate the prefix poly- with more than one, mono- as one, bi- as two, and tri- as three.  Ask students for some examples of words that use these prefixes.  Some examples may be tricycle, bicycle, monolog, and polytheism. Give examples these examples if students do no come up with any.
Rearrange the words to have Poly- last.  That way the words are in “numeric” order.
Developmental Activity: (25 minutes)

1. Now ask students if they remember any math terms that use these prefixes.  They should think of the words polynomial, monomial, binomial, and trinomial.  

2. Have students take out a sheet of paper for them to write notes on.

3. Write the four words on the board.  Have students write them on their paper.

4. Ask students to try and give you an example of each without giving them the definition and only using their previous knowledge of what the prefixes mean. 
5. If students are having a hard time, ask them again what mono- means.  Then ask if there is any expression that we use in math that only consists of one term (define what a term means!).  Hopefully they can come up with examples like 7, x, or -5t.  

6. After you have come up with examples for each of the vocabulary words, see if students can come up with their own definition, keeping in mind what the prefixes of the words mean.
What are expected answers for the other words?
**Here are the definitions of the vocabulary words and some examples: 

Vocabulary
· Polynomial:  A monomial or the sum of two or more monomials whose exponents are positive.

Example: 5a2 + ba – 3, -8, 3x

Counterexample: 5tֿ²
What is wrong with this?
· Monomial:  A polynomial with one term; it is a number, a variable, or the product of a number (the coefficient) and one or more variables 
Examples:  
[image: image115.wmf], 
[image: image116.wmf], 
[image: image117.wmf], 
[image: image118.wmf], 
[image: image119.wmf]
· Binomial:  An algebraic expression consisting of two terms 

Example: 5a + 6

· Trinomial:  A polynomial with exactly three terms.

Example: a2 +2a – 3

7. Have students write down the definitions of the words.  

8. Now we will introduce students to degrees of polynomials.  

9. Write 8y³ and ask students if they had to make an educated guess, what would be the degree of this monomial? Students answer will probably be either 8 or 3.

10.  Have students write down the definition of degree of a monomial (the sum of the exponents of all its variables).

11. Write the following examples on the board and have the students tell you what the degree of the monomial is: 3a, -2xy³, 7, 5x²y.
What are the answers?
12. Now write the example 4x + 3x² on the board.  Ask students how they would find the degree of this polynomial (is the greatest degree of any term in the polynomial).  What is the answer?
13.  Have them write down the definition.  Explain to students that we must find the degree of each term in order to find the degree of a polynomial.  

14.  Write the following examples on the board and have students tell you what the degree of the polynomial is: -4xy + x²y², 8zk³ - 4z + 2k². 
What are the answers?
15. If students are having trouble, write more examples on the board and go through them with the students.  

Closure:
Time?
Students will now play a MATH (BINGO) game to review what they learned today.  The game is just like BINGO.  Give each student a MATH board and colored chips.  The teacher will pick a card and read it to the students.  Some cards may have to be written on the board so students can figure out the answer, although they will not be too difficult because our time is so limited.  Students can cover up an answer they think is right.  Students can raise their hand with they think they have a bingo (down, across, or diagonal).  Make sure you check the answer they covered up.  I will put candy in the bag to give out to students who get a bingo. Also, the bingo cards and chips will be in there too.

Assessment:
Time?

The assessment for this lesson can be going on during the bingo game.  See if students are putting the correct answers on their board.  Also, give them a 100% participation grade today if they are playing the game.
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I will create all of the bingo boards.
Don’t forget to add in a FREE SPACE.  On this board it can be placed anywhere since there isn’t a middle space.
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