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Multiplying and Dividing Polynomials

Class: Name:

1. Multiplying a polynomial by a polynomial
Let’s start with multiplying a monomial by another monomial. To multiply a monomial by
another monomial, we can use the commutative property, associative property, and laws of exponent.
In other words, when multiplying variables and numbers, we can rearrange the order as needed.
When multiplying several x's together, we can simplify them by using exponential notation.
(1)5 + 4x3=(5 « 4) - x*=20x% (associative property)
(2)9x * (—2x)=9 + (—2) *+ X * x=—18%*> (commutative property)
(3) 7x* + x*=7 « (x* + x®)=7x" (laws of exponent)
To calculate it faster, we can multiply the coefficients and the variables separately when a
monomial is multiplied by another monomial.
Calculate (—3x?) * (—6x)
[Solution]
(—3x%) « (—6x)
=(—3)+(x}) + (—6) - (x) (associative property)
=(—3)+(—6)+ (x*) * (x) (commutative property)
=18x°

Exercise 1

Calculate 9x° « (—x°)

To calculate the product of a monomial and a polynomial, you can use the distributive property.

Calculate 3x? « (2x+7)
[Solution]

TR
3x% ¢ (2x+7)
=3x% « 2X+3x% + 7
=6x>+21x%



Exercise 2

Calculate (— 5%+ 2x) * X

Next, we are going to introduce how to multiply a polynomial by a polynomial. When
multiplying polynomials, use the distributive property to expand the expression and then combine
like terms. Similar to adding or subtracting polynomials, we can use the vertical method or the
horizontal method to multiply polynomials.

Calculate (2x+ 7)(4x—3)
[Method 1] Multiplying polynomials horizontally

X+ T7)(4x—3)

=8x*>—6x (using distributive property twice)
=8x?+22x—21 (combine like terms)

[Method 2] Multiplying polynomials vertically
Multiplying polynomials vertically is similar to multiplying integers vertically.
2X+7
X)4x—3
—6x—21
8x*+28x
8x+22x—21

Exercise 3

Calculate (2x+ 7)(4x—3)

Calculate (6x2—7)(—1-+4x)
[Method 1] Multiplying polynomials horizontally

(6X2—T7)(—1+4x)

= —6x>+24x° (using distributive law twice)

=24x>—6x>—28x+7 (arrange the polynomial in descending form)



[Method 2] Multiplying polynomials vertically
When using the vertical method to multiply polynomials, we can arrange the terms in
descending order before calculation. If a term in one of the polynomials is missing, fill in any
missing terms with 0.
6X2+0x—7
X) 4x—1
—6x2+ 0x+7
24x° 4 0x*—28x
24x° —6x*—28x+7

Exercise 4

(1) Calculate (—5x?+4)(—x+9)
(2) Calculate (—7x+3x2—2)(4—5X)

When multiplying polynomials, if the polynomial are expressed as short multiplication

formulas, we can expand them right away.

(1) Calculate (5x+2)>

(2) Calculate (4x —9)?

(3) Calculate (3x+8)(3x—28)

[Solution]

(D(a + b= a® + 2« a -+ b+h?

(5x + 2)P=(5x)2+2 « (5x) » 2+22=25x>+20x+4

Q) (a — bP=a — 2« a h+h?

|

(4x — 9)P=(4x)>—2 + (4x) * 9+92=16x>—T72x+81

G)(a + b)a = b)=da* —

!

Gx 4+ 8)(3x — 8)=(3x)*—82=9x"—64



Exercise 5

(1) Calculate (2x+ 5)>
(2) Calculate (7x—1)?
(3) Calculate (6x+ 7)(6x—7)

2. Dividing a polynomial by a polynomial
When dividing integers, there are two ways to calculate it. For example, when we divide 35 by
7, we can use the vertical method or write division as a fraction and simplify it
[Method 1] Vertical method
5
7) 35
35

0
[Method 2] Write division as a fraction

We can also use this method to divide polynomials. Let’s take a look at an example.
Calculate 24x*+4x= ?
[Method 1] Vertical method
6x
4x | 2402
24x?
0

[Method 2] Write division as a fraction
694 2
patsay— 2 6y
X

Exercise 6

Calculate (—27x%)33x= ?



In general, the vertical method is more useful when dividing polynomials. We use the vertical
method to calculate (6x*>+ 9x)+3x. The method is similar to what we do when dividing integers.

First, what do we multiply 3x by to get 6x>? The answer is 2x.

3x J 6x>+9x

9x
Next, what do we multiply 3x by to get 9x? The answer is 3.
2x+
3x ) 6x249x
6x?

9x

0
Therefore, we get (6x>+9x)+3x=2x+3

Exercise 7

Calculate (10x*>—8x)+2x= ?

When dividing polynomials, the dividend, divisor, quotient, and remainder are all polynomials.
The process starts by arranging both the dividend and divisor in descending order and then
performing the division.

In the division of positive integers, the operation is complete when the remainder is less than the
divisor or when the remainder is zero. Similarly, in the division of polynomials, the operation is
complete when the degree of the remainder is less than the degree of the divisor or when the
remainder is zero.

Calculate (5x>—2x—6)+(x+3)= ?

x—|—3} 5>— 2x— 6

—17x— 6

45
Therefore, we get (5x*—2x—6)+(x+3)=5x—17---45



| Example 8 |

Calculate (4x*>— 14x+ 1)+(2x—5)=?

3. Division Algorithm(“,f 2 RIL)
If we divide 46 apples evenly among 6 people, each person can get 7 apples, with 4 apples
remaining. We can express the process as follows:
46+6="7---4
Can we use this result to infer how many apples we have at the beginning? We know that each
person gets 7 apples, so 6 people in total have 7x6 apples. Adding the 4 apples that are not
distributed, there are 7x6 +4 apples in total. In other words, the original division process can be

rewritten as an equation:
46 = x 6 + 4

Dividend Quotient Remainder
(4 ) (FH#) ()

This is what we learned in elementary school, which is called the division algorithm:

Dividend = Divisor x Quotient + Remainder

The result can also apply to polynomials.

[Division Algorithm for Polynomial]
Let F and G be polynomials and the F+G=Q---R, then F=GxQ+R.

For example, we know that (4x>+ 6x—3)+(2x+5)=(2x—2)---7, then
(4x2—|—6x—3): X (2x—2) + 7
Dividend = x Quotient + Remainder
| Example 9 |
A polynomial 4 is divided by x+ 7 with a quotient of 2x—3 and a remainder of 8. Find the
polynomial 4.
[Solution]
We know that Dividend = Divisor x Quotient + Remainder.
Therefore, polynomial A =(x+7)(2x—3)+8
=2x"+11x—21+8
=2x*+11x—13

Exercise 9

A polynomial 4 is divided by 3x —2 with a quotient of 4x+3 and a remainder of —12. Find the
polynomial A4.
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Calculate (2x+ 7)(4x—3)
[Method 1] Multiplying polynomials horizontally

A
2x+T7)(4x—3)

=8x?—6x (using distributive property twice)
=8x2+22x—21 (combine like terms)

When multiplying polynomials, we also have two different ways. We use
the horizontal method first. In the previous section, we have learned how to use
distributive property. Let’s apply for the property. 2x times 4x and — 3
respectively, and then 7 times 4x and — 3 respectively. Therefore, we have 8x
—6x+28x—21. Next, because — 6x and 28x are like terms, we can combine
them. The final answer is 8x*+22x—21.

[Method 2] Multiplying polynomials vertically
Multiplying polynomials vertically is similar to multiplying integers vertically.
2x+7
x) 4x—3
—6x—21
8x2+28x
8x2+22x—21

We can also use the vertical method to multiply polynomials. It is similar
to multiplying integers vertically. Write down the polynomials in vertical
format, and then multiply each term in the first polynomial by each term in the
second polynomial. Starting with the rightmost term, we multiply the first
polynomial by —3.7times —3 equals —21, and 2x times —3 equals —6x.
Next, at the next row, shift one space to the left, and multiply the first
polynomial by 4x. 7 times 4x equals 28x, and 2x times 4x equals 8x?. Last, add
the two rows together, and we get the answer 8x>+22x—21.
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[ Example 8
Calculate (5x2—2x—6)+(x+3)= ?

> S

x+3) 5x2— 2x— 6

—17x— 6

45
Therefore, we get (5x2—2x—6)+(x+3)=5x—17---45

To calculate (5x>—2x—6)+(x+ 3), we still use the vertical method, or we
call it long division. In the beginning, write down the dividend and divisor, and
we have to divide the first term of the dividend by the first term of the divisor.
That is, divide 5x* by x, and we get 5x. Write above 5x the division line, and
multiply the entire divisor by 5x. (x+ 3) times 5x equals 5x*+ 15x, and write it
below the dividend. Then, subtract two rows, we get — 17x. Bring down the
—6to obtain — 17x— 6, and we can repeat the same process. —17x divided
by x equals —17, and multiply x+3 by —17, which is —17x—51. Writing
down the result below —17x—6 and subtracting two rows, we have 45. The
degree of divisor is 1 and the degree of 45 is 0. Because the degree of 45 is less
than the degree of the divisor, we complete the process. The quotient is 5x—

17, and the remainder is 45.

Wity 1449 RKERY FRE




