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Chapter 5: Polynomials

5.1

Polynomials - Exponent Properties

Problems with expoenents can often be simplified using a few basic exponent
properties. Exponents represent repeated multiplication. We will use this fact to
discover the important properties.

Example 1.

a’a® Expand exponents to multiplication problem

(aaa)(aa) Now wehave5a’s being multiplied together
5
a

Our Solution

A quicker method to arrive at our answer would have been to just add the expo-

nents: a’a?=a3*t?=a® This is known as the product rule of exponents

Product Rule of Exponents: a™a™ = a™*"

The product rule of exponents can be used to simplify many problems. We will
add the exponent on like variables. This is shown in the following examples

Example 2.

32.3%.3  Samebase, add the exponents 2 + 6 + 1

39  QOur Solution

Example 3.

223y°2 - bry?z®  Multiply 2- 5, add exponentson z, y and 2
102*y"2*  Our Solution

Rather than multiplying, we will now try to divide with exponents

Example 4.

Expand exponents

@|@

Qv

aaaaq

aa
aaa  Convert to exponents

Divide out twoof the a’s

a Our Solution



A quicker method to arrive at the solution would have been to just subtract the

5
exponents, % =a’~2=q?. This is known as the quotient rule of exponents.

m

Quotient Rule of Exponents: C;—n =a™m™ "

The quotient rule of exponents can similarly be used to simplify exponent prob-
lems by subtracting exponents on like variables. This is shown in the following
examples.

Example 5.
713
-5 Same base, subtract the exponents
7% Our Solution
Example 6.
315 .2
% Subtract exponentson a, band ¢

gaZbQC Our Solution

A third property we will look at will have an exponent problem raised to a second
exponent. This is investigated in the following example.

Example 7.

This means we have a? three times
Add exponents

Our solution

A quicker method to arrive at the solution would have been to just multiply the
exponents, (a?)? = a®>3 = a° This is known as the power of a power rule of expo-
nents.

Power of a Power Rule of Exponents: (™)™ = a™"

This property is often combined with two other properties which we will investi-
gate now.

Example 8.

(ab)®>  This means we have (ab) three times
(ab)(ab)(ab) Threea'sand three b’s can be written with exponents

a*b®  Our Solution



A quicker method to arrive at the solution would have been to take the exponent
of three and put it on each factor in parenthesis, (ab)® = a®h. This is known as
the power of a product rule or exponents.

Power of a Product Rule of Exponents: (ab)™ = a™b™

It is important to careful to only use the power of a product rule with multiplica-
tion inside parenthesis. This property does NOT work if there is addition or sub-
traction.

Warning 9.

(a+b)"#am4+b" Theseare NOT equal, beware of this error!

Another property that is very similar to the power of a product rule is considered
next.

Example 10.

3
) This means we have the fraction three timse

/N
o 2

(%) (%) (2) Multiply fractions across top and bottom, using exponents
—  Our Solution

A quicker method to arrive at the solution would have been to put the exponent

3
on every factor in both the numerator and denominator, (%)3 = % This is known
as the power of a quotient rule of exponents.

am

Power of a Quotient Rule of Exponents: (%)m = pm

The power of a power, product and quotient rules are often used together to sim-
plify expressions. This is shown in the following examples.

Example 11.

(x3y2%)?  Put the exponent of 4 on each factor, multiplying powers

r2y42®  Oursolution



Example 12.

4\ 2
<_;;5 ) Put the exponent of 2 on each factor, multiplying powers

a%h?

A0 Our Solution

As we multiply exponents its important to remember these properties apply to
exponents, not bases. An expressions such as 5% does not mean we multipy 5 by 3,
rather we multiply 5 three times, 5 x 5 x 5 = 125. This is shown in the next
example.

Example 13.

(422y%)®  Put the exponent of 3 on each factor, multiplying powers

4335y Evaluate4?

6425y Our Solution

In the previous example we did not put the 3 on the 4 and multipy to get 12, this
would have been incorrect. Never multipy a base by the exponent. These proper-
ties pertain to exponents only, not bases.

In this lesson we have discussed 5 different exponent properties. These rules are
summarized in the following table.

Rules of Exponents

Product Rule of Exponents am™a”=amt"
m
Quotient Rule of Exponents Z—n =am "

Power of a Power Rule of Exponents | (a™)”=a™"
Power of a Product Rule of Exponents | (ab)™ = a™b™

Power of a Quotient Rule of Exponents (%)m = Z—m

These five properties are often mixed up in the same problem. Often there is a bit
of flexibility as to which property is used first. However, order of operations still
applies to a problem. For this reason it is the suggestion of the auther to simplify
inside any parenthesis first, then simplify any exponents (using power rules), and
finally simplify any multiplication or division (using product and quotent rules).
This is illustrated in the next few examples.

Example 14.

(423y - 5xty?)®  Inparenthesis simplify using product rule, adding exponents
(2027y3)®  With power rules, put three on each factor, multiplying exponents
2032%19°  Evaluate 203
8000x%'y®  Our Solution



Example 15.

7a3(2a*)®  Parenthesis are already simplified, next use power rules
7a*(8a'?)  Using product rule, add exponents and multiply numbers

56a'®  Our Solution

Example 16.

3 b-1 4b3
sab-10a7b7 o 422a Simplify numerator with product rule, adding exponents
30a7b* .
Sl Now use the quotient rule to subtract exponents

15a2b®>  Our Solution

Example 17.
8, 12
—(3777327:5)3 Use power rule in denominator
8, 12
% Use quotient rule
3m?n3  Our solution
Example 18.
2 472\3 \ 2
<%) Simplify inside parenthesis first, using power rule in numerator

Simplify numerator using product rule

3ab?(8a2%) \?
6a®b7

1378 \ 2

(%) Simplify using the quotient rule
(4a85)2 Now that the parenthesis are simplified, use the power rules
16a'%h?>  Our Solution

Clearly these problems can quickly become quite involved. Remember to follow
order of operations as a guide, simplify inside parenthesis first, then power rules,
then product and quotient rules.



Practice - Exponent Properties

25 (:L’gy 2123

) 5
)

27) 2z (z*y*)4
) 2%y

29

B3yt 4z2y3

w

31) (2212

33) (

3
2:ry))

35) (i)

mn4 - 2min4

2xy3 - 2x2y?
37) i
2ay*-y
r2. (9920273
39) g°r? - (2p%¢*r®)?
2p3
3 2,4
41) (L
2229222 . 2222
43) Y - y
(z228)2

26) (u?v?-2ut)3

3vu - 202
vu - 2V
28) w2 . 23t
2ba? - 2b%
ba? - 3a3bt

30)

2a2b?

32) Gay

34) y:l:2 : (314)2

294




5.2

Polynomials - Negative Exponents

There are a few special exponent properties that deal with exponents that are not
positive. The first is considered in the following example, which is worded out 2
different ways:

Example 19.

—  Usethe quotient rule to subtract exponents

a”  Our Solution, but now we consider the problem a second way:

a_3 Rewrite exponents as repeated multiplication
a

@44 " Reduce out all the a’s

aaa

1 . . .
1= 1 Our Solution, when we combine the two solutions we get:

a’®=1 Ourfinal result.

This final result is an imporant property known as the zero power rule of expo-
nents

Zero Power Rule of Exponents: a® =1

Any number or expression raised to the zero power will always be 1. This is illus-
trated in the following example.

Example 20.

(322)°  Zero power rule

1 Our Solution

Another property we will consider here deals with negative exponents. Again we
will solve the following example two ways.



a_5 Using the quotient rule, subtract exponents
a
a=?  Our Solution, but we will also solve this problem another way.
e
—  Rewrite exponents as repeated multiplication
a
aaa ,
Reduce three a’s out of top and bottom
aaaaa
1 .
—  Simplify to exponents
aa
1 . . . .
—  Our Solution, putting these solutions together gives:
a
o 1 . .
at=—3 Our Final Solution

This example illustrates an important property of exponents. Negative exponents
yeild the reciprocal of the base. Once we take the reciprical the exponent is now
positive. Also, it is important to note a negative exponent does not mean the
expression is negative, only that we need the reciprocal of the base. Following are
the rules of negative exponents

Rules of Negative Exponets: ém =a™
a

(3) "=

Negative exponents can be combined in several different ways. As a general rule if
we think of our expression as a fraction, negative exponents in the numerator
must be moved to the denominator, likewise, negative exponents in the denomi-
nator need to be moved to the numerator. When the base with exponent moves,
the exponent is now positive. This is illustrated in the following example.

Example 22.

ab~ ¢

Py Negative exponentson b, d, and e need to flip

10



as3cde*

W Our SOhltiOIl

As we simplified our fraction we took special care to move the bases that had a
negative exponent, but the expression itself did not become negative because of
those exponents. Also, it is important to remember that exponents only effect
what they are attached to. The 2 in the denominator of the above example does
not have an exponent on it, so it does not move with the d.

We now have the following nine properties of exponents. It is important that we
are very familiar with all of them.

Properties of Exponents

a™a™=amt" (ab)™=a™b™ am=_1
a'rn

a™ L a a\™ a™ 1
Tomn (@S e

—m p™

m\n _ ,mn 0:1 (2) —_

(a™™=a a b prs

Simplifying with negative exponents is much the same as simplifying with positive
exponents. It is the advice of the author to keep the negative exponents until the
end of the problem and then move them around to their correct location (numer-
ator or denominator). As we do this it is important to be very careful of rules for
adding, subtracting, and multiplying with negatives. This is illustrated in the fol-
lowing examples

Example 23.
—5,-3.9..3, 2
dx géx_ 5;2? y Simplify numerator with product rule, adding exponents
1222y => . . o
R Quotient rule to subtract exponets, be careful with negatives!

(=2)—(=5)=(=2)+5=3
(=5)=3=(=5)+(~3)=—8
223y~%  Negative exponent needs to move down to denominator

——  QOur Solution

11



Example 24.

(3ab®)~2ab~®  Innumerator, use power rule with — 2, multiplying exponnets
2a—4b0 In denominator, * = 1

In numerator, use product rule to add exponents

2a—4
3= 2 a~ 1 b~ 5
91 Use quotient rule to subtract exponents, be careful with negatives
(~D)—(—4)=(-1)+4=3
3723
5 Move 3 and b to denominator because of negative exponents
o
BT Evaluate 322
e
1305 Our Solution

In the previous example it is important to point out that when we simplified 372
we moved the three to the denominator and the exponent became positive. We
did not make the number negative! Negative exponents never make the bases neg-
ative, they simply mean we have to take the reciprocal of the base. One final
example with negative exponents is given here.

Example 25.

3272523 627 %y~2:73\ " Innumerator, use product rule, adding exponents
(922y—2)—3 In denominator, use power rule, multiplying exponets

1828320\ * .
O Use quotient rule to subtract exponents,
Ty

be careful with negatives:
(~8)—(~0)=(~8)+6=—2
3—6=3+(—6)=—3

(2072y=32%)73  Parenthesis are done, use power rule with — 3

273259220 Move 2 with negative exponent down and 2° =1

6,9

i 22/ Evaluate 23
6,9

i 8y Our Solution

12



Practice - Negative Exponents

Simplify. Your answer should contain only positive expontents.

1) 224y =2 (2zy3)*

)
3) (a*b=3)%-2a3h~2
)
)

5 ( 2 2)4 —4
7) (@%y?)? a2ty
9342

9) 5w

dxy=3. x40

w2p—1

13) 2ulv4 - 2uw
u?

15) 4093 - 302
2

17) (1052)4

2)2

2z
3 1) y(2z4zo

2yzx?
33) 2$4y4z—2 . (zy2)4
35) 2kh0 - 2h—3K0
(2kj3)?
(cb®)2-2a~3b2
(a3b—2c3)3

37)

39) (yo—*z%)~!

23 22y3z1

2 —Zb 3 (2a0b4)4

) 2
4) 27 < 2?)?
6) (mn? - 2m ™30

) 2m~In 3 (2m o)

10) — 2

3yx3. 2xdy—3

12) _ s
4y-2.3z-2y—4

14) 2xy? - 4ady—4
dr—4y—*. 4
22242

4yx?

16)

32)

(2a4b0)0 . 2q—3p2

2b%c—2. (2b3¢2) 4
3) B
36) ((Zx_3y02_1)3~x_3y2)_2

23

2,2, 4

38) 2¢* - m?p?q

(2m—4p2)3

3

40> 2mpn~

(mOn—4 2)

-2n2p0

13



5.3

Polynomials - Scientific Notation

One application of exponent properties comes from scientific notation. Scientific
notation is used to represent really large or really small numbers. An example of
really large numbers would be the distance that light travels in a year in miles.
An example of really small numbes would be the mass of a single hydrogen atom
in grams. Doing basic operations such as multiplication and division with these
numbers would normally be very combersome. However, our exponent properties
make this process much simpler.

First we will take a look at what scientific notation is. Scientific notation has two
parts, a number between one and ten (it can be equal to one, but not ten), and
that number multiplied by ten to some exponent.

Scientific Notation: a X 10° where1l < a < 10

The exponent, b, is very important to how we convert between scientific notation
and normal numbers, or standard notation. The exponent tells us how many
times we will multiply by 10. Multiplying by 10 in effect moves the decimal point
one place. So the exponent will tell us how many times the exponent moves
between scientific notation and standard notation. To decide which direction to
move the decimal (left or right) we simply need to remember that positive expo-
nents mean in standard notation we have a big number (bigger than ten) and neg-
ative exponents mean in standard notation we have a small number (less than
one).

Keeping this in mind, we can easily make conversions between standard notation
and scientific notation.

Example 26.

Convert 14, 200 to scientific notation  Put decimal after first nonzero number
1.42  Exponent is how many times decimal moved, 4
x 10*  Positive exponent, standard notation is big
1.42 x 10*  Our Solution

Example 27.

Convert 0.0042 to scientific notation ~ Put decimal after first nonzero number
4.2  Exponent is how many times decimal moved, 3
x 1072  Negative exponent, standard notation is small
4.2 x 1073  Our Solution

14



Example 28.

Convert 3.21 x 10° to standard notation  Positive exponent meansstandard notation
big number. Move decimal right 5 places
321,000  Our Solution

Example 29.

Conver 7.4 x 1073 to standard notation =~ Negative exponent meansstandard notation
isasmall number. Move decimal left 3 places
0.0074  Our Solution

Converting between standard notation and scientific notation is important to
understand how scientific notation works and what it does. Here our main
interest is to be able to multiply and divide number in scientific notation using
exponent properties. The way we do this is first do the operation with the front
number (multiply or divide) then use exponent properties to simplify the 10’s.
Scientific notation is the only time where it will be allowed to have negative expo-
nents in our final solution. The negative exponent simply informs us that we are
dealing with small numbers. Consider the following examples.

Example 30.

(2.1 x1077)(3.7%x 10°)  Deal with numbers and 10’s separately
(2.1)(3.7)=7.77  Multiply numbers
107710°=10"2  Use product rule on 10’s and add exponents
7.77%x 1072  Our Solution

Example 31.
4.96 x 10* . /
31x10-3 Deal with numbers and 10’s separately
4?;—916 =1.6 Divide Numbers
10 . ' | »
05— 10" Use quotient rule to subtract exponents, be careful with negatives!

15



Becarful with negatives, 4 — (—3)=4+3=7
1.6 x 107 Our Solution

Example 32.

(1.8 x 10743
1.8%=5.832
(10~4)3=10"12
5.832 x 10712

Use power rule to deal with numbers and 10’s separately
Evaluate 1.83
Multiply exponents

Our Solution

Often when we multiply or divide in scientific notation the end result is not in sci-
entific notation. We will then have to convert the front number into scientific
notation and then combine the 10’s using the product property of expoents and
adding the exponents. This is shown in the following examples

Example 33.

(4.7 x 1073)(6.1 x 10°)
(4.7)(6.1) =28.67
2.867 x 10!
10'10-310° = 107
2.867 x 107

Example 34.

2.014 x 1073
3.8 x 107

2.014

Deal with numbers and 10’s separately

Multiply numbers

Convert this number into scientific notation

Use product rule, add exponents, using 10* from conversion

Our Solution

Deal with numbers and 10’s separately

" =0.53 Divide numbers

3.8

0.53=5.3 x 107! Change this number into scientific notation

10-11073
10-7

=10 Use product and quotient rule, using 10~ from the conversion

Be careful with signs:
(=D+(=3)=(=7)=(=1)+(=3)+7=3
5.3 x 10>  Our Solution

16



Practice - Scientific Notation

Write each number in scientific notiation

1) 885 2) 0.000744
3) 0.081 4) 1.09
5) 0.039 6) 15000

Write each number in standard notation

7) 8.7 x 10° 8) 2.56 x 102
9) 9 x 104 10) 5 x 10*
11) 2 x 10° 12) 6 x 10~°

Simplify. Write each answer in scientific notation.

13) (7 x 1071 (2 x 1073) 14) (2 x1079)(8.8 x 107
5) (5.26 x 1075)(3.16 x 1072?) 16) (5.1 x 10°)(9.84 x 1071
17) (2.6 x 107%)(6 x 107?) 18) 17.74x 10
4.9 x 10! S
L " e
21) Sezx10—2 99) 3:2x107°

5.02 x 100
23) (5.5 x 1077)2

)
)
25) (7.8 x 107%)°
27) (8.03 x 10*)~*

)

24) (9.6 x 10%)~*
26) (5.4 x 105)~3
28) (6.88 x 1074)(4.23 x 10Y)

6.1x10°6
29) 5.1x 10—4 30 8.4 x 10°
) 7x 102
31) (3.6 x 10°)(6.1 x 10~3)
32) (3.15 X 103)(8 X 10’1)
33) (1.8 X 10*5)*3
3 ) 9.58 x 10~2
35) 9x 10* 1.14 x 10—3
7.83x 10~2

. 36) (8.3 x 101)°
37) 32210

e 3) s
39) 2.4x10-6 :
6.5 x 100 40) (9 % 1072)73
6 x 103
M) 55505 42) (2 x 10%)(6 x 10"

17



5.4

Polynomials - Introduction to Polynomials

Many applications in mathematics have to do with what are called polynomials.
Polynomials are made up of terms. Terms are a product of numbers and/or vari-
ables. For example, 5z, 2y?, — 5, ab3c, and x are all terms. Terms are connected
to each other by addition or subtraction. Expressions are often named based on
the number of terms in them. A monomial has one term, such as 3z2. A bino-
mial has two terms, such as a®> — b%>. A Trinomial has three terms, such as ax® +
bx + ¢. The term polynomial means many terms. Monomials, binomials, trino-
mials, and expressions with more terms all fall under the umbrella of “polyno-
mials”. If we know what the variable in a polynomial represents we can replace
the varaible with the number and evaluate the polynomial as shown in the fol-
lowing example.

Example 35.

202 —4x+6whenxz=—4 Replace varaible x with — 4
2(—4)>—4(—4)+6 Exponents first
2(16) —4(—4)+6  Multiplication (we can do all terms at once)
3241646 Add
54 Our Solution

It is important to be careful with negative variables and exponents. Remember
the exponent only effects the number it is physically attached to. This means —
3?2 = —9 because the exponent is only attached to the 3. Also, (—3)?=9 because
the exponent is attached to the parenthesis and effects everything inside. When
we replace a varible with parenthesis like in Example 1, the substituted value is in
parenthesis. So the ( — 4)?> = 16 in the example. However, consider the next
example.

Example 36.

— 2?2+ 2x+6whenr=3 Replace variable x with 3
—(3)2+2(3)+6  Exponent only on the 3, not negative
—9+2(3)4+6 Multiply

18



—-94+6+6 Add
3 Our Solution

Generally when working with polynomials we do not know the value of the vari-
able, so we will try and simplify instead. The simplest operation with polynomials
is addition. When adding polynomials we are mearly combining like terms. Con-
sider the following example

Example 37.

(423 — 22+ 8) + (323 — 922 —11)  Combine like terms 423 + 3z° and 8 — 11

Tx3—9x2—2x—3  OurSolution

Generally final answers for polynomials are written so the exponent on the vari-
able counts down. Example 3 demonstrates this with the exponent counting down
3,2, 1, 0 (recall z°=1). Subtracting polynomials is almost as fast. One extra step
comes from the minus in front of the parenthesis. When we have a negative in
front of parenthesis we distribute it through, changing the signs of everything
inside. The same is done for the subtraction sign.

Example 38.
(5x? —2x+7) — (32> + 62 —4)  Distribute negative through second part

5a2 —2x+7—322—6x+4 Combinelike terms 5% — 323, — 22 — 62, and 7 + 4
222 —8x+11  Our Solution

Addition and subtraction can also be combined into the same problem as shown
in this final example.

Example 39.
(222 — 4z +3) + (52* — 62+ 1) — (* — 92 +8)  Distribute negative through

202 —4xr+3+522—6x+1—224+92x—8 Combine like terms

6x2—x —4  Our Solution

19



Practice - Add and Subtract Polynomials

Simplify each expression.

1) fla)=—a*—a’+6a—21 at a=—4

2) f(n)=n>+3n—1latn=—6

3) f(n)=n3—Tn?+15n —20 at n=2

4) f(n)=n>—-9n?+23n —2latn=>5

5) f(n)=—=5n*—11n3—9n?>—n—-5at n=—1
6) f(x)=2*—bx*—z+13atx=5

7) fx)=2*+9z+23 atz=—3

8) f(z)=—0623+412*>—32z+ 1latz =6

9) flx)=2*—623+2%—24 at v =6

10) f(m)=m*+8m*+14m?>+13m+5atm=—6
11) (5p — 5p*) — (8p — 8p)

12) (7Tm?+5m3) — (6m3 — 5m?)

13) (3n*+n?) — (2n® — Tn?)

14) (2% + 52%) + (72° 4 32%)

15) (8n+n*) — (3n — 4n?)

16) (3v*+1)+ (5 —v?)

17) (1+5p%) — (1 —8p?)

18) (6% +5z) — (87 + 62°)

19) (5n*+6n3) + (8 — 3n® — 5n?)

20) (82%+1) — (6 — 22 — %)

20



21) (3+0Y) + (7420 +b%)

22) (1+6r%) + (6r*—2 —3r%)

23) (82%+1) — (ha* — 623 +2)

24) (4n*+6) — (4n — 1 —n?)

25) (2a+ 2a*) — (3a* — ba* + 4a)

26) (6v+ 8v®) + (3 +4v* — 3v)

27) (4p*—3—2p) — (3p*—6p+3)

28) (7+4m +8m*) — (5m*+ 1+ 6m)

29) (4b® 4 7b* — 3) + (8 + 5b* + b%)

30) (Tn+1—8n%) — (3n+Tn*+7)

31) (3+2n?+4n*) + (n® — Tn? — 4n?)

32) (722 + 2% + 72®) + (62° — 82* — Ta?)

33) (n—5n*+7)+ (n?—Tn*—n)

34) (8% + 22 + 72%) + (Ta* — T2 + 22?)

35) (8r*=5r34+5r2) + (2r2 4 2r3 — Trt 4+ 1)

36) (423 + x — Ta?) + (22 — 8+ 2z + 62°)

37) (2n?*+7Tn* —2) + (2 + 2n® + 4n? 4 2n?)

38) (7b — 4b + 4b*) — (8b3 — 4b> + 2b* — 8b)

39) (8 — b+ Tb%) — (3b* + 7b — 8+ Tb?) + (3 — 3b+ 6b%)
40) (1—3n*—8n3) + (Tn*+2 —6n*+3n3) + (4n®>+8n* +7)
41) (8x*+ 223 +22) + (22 +2 — 22% — 2*) — (2® + 52 + 8x)

42) (6x — bt — 4x?) — (22 — T2% — 4a* — 8) — (8 — 622 — 42?)

21



9.5

Polynomials - Multiplying

Multiplying polynomials can take several different forms based on what we are
multiplying. We will first look at multiplying monomials, then monomials by
polynomials and finish with polynomials by polynomials.

Multiplying monomials is done by multiplying the numbers or coefficients and
then adding the exponents on like factors. This is shown in the next example.

Example 40.

(4a3y2)(222y52%)  Multiply numbers and add exponents for x, y, and z

82°y1%2*  Our Solution

In the previous example it is important to remember that the z has an exponent
of 1 when no exponent is written. Thus for our answer the z has an exponent of
143 =4. Be very careful with exponents in polynomials. If we are adding or sub-
tracting the exponnets will stay the same, but when we multiply (or divide) the
exponents will be changing.

Next we consider multiplying a monomial by a polynomial. We have seen this
operation before with distributing through parenthesis. Here we will see the exact
same process.

Example 41.

423(5x? — 2w +5)  Distribute the 423 multiplying numbers, adding exponents
202° — 221+ 523 Our Solution

Following is another example with more variables. When distributing the expo-
nents on a are added and the exponents on b are added.

Example 42.

2ab(3ab® —4a)  Distribute, multiplying numbers and adding exponents
6a*b® — 8a*d  Our Solution

There are several different methods for multiplying polynomials. All of which
work, often students prefer the method they are first taught. Here three methods
will be discussed. All three methods will be used to solve the same two multipli-
cation problems.
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Multiply by Distributing

Just as we distribute a monomial through parenthesis we can distribute an entire
polynomial. As we do this we take each term of the second polynomial and put it
in front of the first polynomial.

Example 43.

(4x +7y)(3x —2y)  Distribute (4x + 7y) through parenthesis
3z(dx 4+ Ty) —2y(4x + Ty) Distribute the 3z and — 2y
1222+ 21zy — 8xy — 14y?>  Combine like terms 212y — 8y
12224 132y — 14y?>  Our Solution

Example 4 illustrates an important point, the negative/subtraction sign stays
with the 2y. Which means on the second step the negative is also distributed
through the last set of parenthesis.

Multiplying by distributing can easily be extended to problems with more terms.
First distribute the front parenthesis onto each term, then distribute again!

Example 44.

(22 —5)(42* — 7x +3)  Distribute (22 — 5) through parenthesis
422(2x — 5) — 7z(2x — 5) + 3(2¢ —5)  Distribute again through each parenthesis
8% — 2022 — 14z* + 352+ 62 — 15  Combine like terms
823 — 3422 +41x — 15  Our Solution

This process of multiplying by distributing can easily be reversed to do an impor-
tant proceedure known as factoring. Factoring will be addressed in a future
lesson.

Multiply by FOIL

Another form of multiplying is known as FOIL. Using the FOIL method we mul-
tiply each term in the first binomial by each term in the second binomial. The
letters of FOIL help us remember every combination. F stands for First, we mul-
tiply the first term of each binomial. O stand for Outside, we multiply the outside
two terms. I stands for Inside, we multiply the inside two terms. L stands for
Last, we multiply the last term of each binomial. This is shown in the next
example:
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Example 45.

(4dx+7y)(3x —2y)  Use FOIL to multiply
(42)(3z) =122? F — First terms (4x)(3x)
(4z)(—2y)=—8zy O — Outside terms (4z)( — 2y)
(7Ty)(3x)=21xy I — Insideterms (7y)(3x)
(Ty)(—2y)=—14y* L — Last terms (7y)(—2y)
1222 — 8xy +21zy — 14y?>  Combine like terms — 8zy + 21y
12224 132y — 14y?>  Our Solution

Some student like to think of the FOIL method as distributing the first term 4x
through the (3x — 2y) and distributing the second term 7y through the (3z — 2y).
Thinking about FOIL in this way makes it possible to extend this method to
problems with more terms.

Example 46.

(22 —5)(42* —T7x+3) Distribute 2z and — 5
(2z)(42%) + (2z)( — Tx) + (22)(3) — 5(42?) — 5(— 7z) — 5(3)  Multiply out each term
823 — 142% + 62 — 2022+ 352 — 15  Combine like terms
8x% — 3422 +41x — 15  Our Solution

The second step of the FOIL method is often not written, for example, consider
example 6, a student will often go from the problem (4z + 7y)(3z — 2y) and do
the multiplication metally to come up with 1222 — 8zy + 21lxy — 14y* and then
combine like terms to come up with the final solution.

Multiplying in rows

A third method for multiplying polynomials looks very similar to multiplying
numbers. consider the problem:

35
x 27
245  Multiply 7 by 5 then 3
700  Use0 for placeholder, multiply 2 by 5 then 3
945  Addto get our solution

The same process can be done with polynomials. Multiply each term on the
bottom with each term on the top.
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Example 47.

(4x +7y)(3x —2y)  Rewrite as vertical problem

4o+ Ty
X 3xr — 2y
—8zy —14y*  Multiply — 2y by 7y then 4x
12224 21zy Multiply 3z by 7y then 4z. Line up like terms

1222+ 13zy — 14y*  Add like terms to get our solution

This same process is easily expanded to a problem with more terms.

Example 48.

(22 —5)(42* —Tx +3)  Rewrite as vertical problem

4x® —Trx+3  Put polynomial with most terms on top

X2x —9H
— 2022+ 35z — 15  Multiply — 5 by each term
8x3 — 142% + 6z Multiply 2z by each term. Line up like terms

8x3 — 34x% +41x — 15  Add like terms to get our solution

This method of multiplying in rows also works with multiplying a monomial by a
polynomial!

Any of the three described methods work to multiply polynomials. It is suggested
that you are very comfortable with at least one of these methods as you work
through the practice problems. All three methods are shown side by side in
Example 10

Example 49.
(22 —y)(4z — Sy)

Distribute FOIL Rows
4r(2r —y) —5y(2z —y)  2x(4x) +2x(—5y) — y(4z) — y(—5y) 20—y
8x? —4xy — 10zy — Hy? 822 — 10zy — 4xy + Hy? x 4x — 5y

82 — 14xy — Hy? 82?2 — 14xy + 5y? —10zy + 5y

8x2 —4xy
822 — 14z y + 5y?
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Practice - Multiply Polynomials

Find each product.

1) 6(p—7)

3) 2(6x +3)

5) 5m*(4m +4)

7) (4n+6)(8n+38)

9) (8b+3)(7b—5)

11) (42 +5)(2z +3)

13) (30 — 4)(5v — 2)

15) (62 —7)(4z +1)

17) (52 + y)(6z — 4y)

19) (z + 3y)(3z +4y)

21) (7z +5y)(8z + 3y)

23) (r—7)(6r2—r+5)

25) (6n — 4)(2n* — 2n +5)

27) (62 + 3y) (622 — Try + 41?)
29) (8n%+4n +6)(6n%— 51+ 6)

31) (5k2+ 3k + 3)(3k2+ 3k +6)

2) 4k(8k +4)
4) 3n%(6n+7)

6) 3(4r —7)

8) (2z+1)(z —4)

10) (r+8)(4r +8)

12) (Tn — 6)(n+7)

14) (6a+4)(a —8)

16) (52 — 6)(4x — 1)

18) (2u + 30)(8u — Tv)

20) (8u -+ 6v)(5u — 8v)

22) (5a+8b)(a — 3b)

24) (4z +8)(42%+ 3x +5)

26) (20— 3)(4b>+4b+4)

28) (3m —2n)(7Tm?+ 6mn + 4n?)

30) (2a*+ 6a+ 3)(7a* —6a+ 1)

32) (Tu?+ 8uv — 6v?)(6u? + 4uv + 3v?)
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5.6

Polynomials - Special Products

There are a few shortcuts that we can take when multiplying polynomials. If we
can recognize them the shortcuts can help us arrive at the solution much quicker.
These shortcuts will also be useful to us as our study of algebra continues.

The first shortcut is often called a sum and a difference. A sum and a differ-
ence is easily recognized as the numbers and variables are exactly the same, but
the sign in the middle is different (one sum, one difference). To illustrate the
shortcut consider the following example, multiplied by the distributing method.

Example 50.

(a+b)(a—b) Distribute (a+ b)
a(a+b)—b(a+b) Distributeaand — b
a’+ab—ab—>b*> Combinelike terms ab — ab

a?—b%>  Our Solution

The important part of this example is the middle terms subtracted to zero.
Rather than going through all this work, when we have a sum and a difference we
will jump right to our solution by squaring the first term and squaring the last
term, putting a subtraction between them. This is illustrated in the following
example

Example 51.

(x —5)(z+5) Recognizesum and difference

22 —25  Square both, put subtraction between. Our Solution

This is much quicker than going through the work of multiplying and combining
like terms. Often students ask if they can just multiply out using another method
and not learn the shortcut. These shortcuts are going to be very useful when we
get to factoring polynomials, or reversing the multiplication process. For this
reason it is very important to be able to recognize these shortcuts. More examples
are shown here.
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Example 52.

(3x+7)(3x —7) Recognize sum and difference

922 —49  Square both, put subtraction between. Our Solution

Example 53.

(2x —6y)(2x +6y) Recognize sum and difference
42% —36y%*  Square both, put subtraction between. Our Solution

It is interesting to note that while we can multiply and get an answer like a? — b?
(with subtraction), it is impossible to multiply real numbers and end up with a
product such as a®+ b? (with addition).

Another shortcut used to multiply is known as a perfect square. These are easy
to recognize as we will have a binomial with a 2 in the exponent. The following
example illustrates multiplying a perfect square

Example 54.

(a+b)?  Squared is same as multiplying by itself
(a+0b)(a+0b) Distribute (a+b)
a(a+b)+b(a+b) Distribute again through final parenthesis
a’*+ab+ab+0*> Combinelike termsab+ ab
a’+2ab+0*>  Our Solution

This problem also helps us find our shortcut for multiplying. The first term in the
answer is the square of the first term in the problem. The middle term is 2 times
the first term times the second term. The last term is the square of the last term.
This can be shortened to square the first, twice the product, square the last. If we
can remember this shortcut we can square any binomial. This is illustrated in the
following example

Example 55.

(x —5)?  Recognize perfect square
x?  Square the first
2(z)(—5)=—10x Twice the product
(—5)2=25 Square the last

22— 10z +25 Our Solution
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Be very careful when we are squaring a binomial to NOT distribute the square
through the parenthesis. A common error is to do the following: (z —5)?=x* — 25
(or 22 + 25). Notice both of these are missing the middle term, — 10x. This is
why it is important to use the shortcut to help us find the correct solution.
Another important observation is that the middle term in the solution always has
the same sign as the middle term in the problem. This is illustrated in the next
examples.

Example 56.
(2x +5)%> Recognize perfect square
(2z)*=42? Square the first
2(22)(5) =20z  Twice the product
52=25 Squarethelast
422420z +25  Our Solution
Example 57.

(3x —Ty)?> Recognize perfect square
922 — 42xy +49y?>  Square the first, twice the product, square the last. Our Solution

Example 58.

(5a+9b)*>  Recognize perfect square
25a +90ab + 81b%>  Square the first, twice the product, square the last. Our Solution

These two formulas will be important to commit to memory. The more familiar
we are with the easier factoring, or multiplying in reverse, will be. The final
example covers both types of problems (two perfect squares, on positive, on nega-
tive), be sure to notice the difference between the examples and how each formula
is used

Example 59.

(4z —T)(4x+7) (4 +7)? (4 —7)?
1622 — 49 1622 + 56 + 49 1622 — 56x + 49
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Practice - Multiply Special Products

Find each product.
1) (z+8)(z — 8)

3) (1+3p)(1—3p)

5) (1—7n)(1+7n)

7) (5n —8)(5n + 8)

9) (4z +8)(4z — 8)

11) (dy — 2)(dy +z)
13) (4m — 8n)(4m + 8n)
15) (62 — 2y) (62 + 2y)
17) (a+5)?

19) (x —8)?

21) (p+7)°

23) (7 — 5n)?

25) (5m — 8)?

27) (52 + Ty)?

29) (2z 4+ 2y)?

31) (5+2r)?

33) (2+52)°

35) (40 —7) (40 +7)
37) (n —5)(n +5)

39) (4k +2)?
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5.7

Polynomials - Dividing

Dividing polynomials is a process very similar to long division of whole numbers.
But before we look at that, we will first want to be able to master dividing a
polynomial by a monomial. The way we do this is very similar to distributing,
but the operation we distribute is the division, dividing each term by the mono-
mial and reducing the resulting expression. This is shown in the following exam-
ples

Example 60.

9x° + 62* — 18x°% — 2412
32

Divide each term in the numerator by 322

5 4 3 2
g; + g; — 138; — 234; Reduce each fraction, subtracting exponents

334222 — 62 —8  Our Solution

Example 61.

83+ 422 —22 46

12 Divide each term in the numerator by 42>
x

813 " 422 2« n 6

Reduce each fraction, subtracting exponents,

422 ' 42? 42?  4a?
Remember negative exponents are moved to denominator
1 .
204+1——+ 3 Our Solution
2 2x?

The previous example illustrates that sometimes will will have fractions in our
solution, as long as they are reduced this will be correct for our solution. Also
interesting in this problem is the second term j—iz divided out completely.
Remember that this means the reduced answer is 1 not 0.

Long division is required when we divide by more than just a monomial. Long
division with polynomials works very similar to long division with whole numbers.
An example is given to review the (general) steps that are used with whole num-
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bers that we will also use with polynomials

Example 62.
4/631  Divide front numbers: g =1...

31 Multiply this number by divisor: 1 -4 =4
Change the sign of this number (make it subtract) and combine

23 Bring down next number

15 Repeat, divide front numbers: 2743 =5...

23 Multiply this number by divisor: 5 - 4 =20

— 20  Change thesign of this number (make it subtract) and combine

31 Bring down next number

157  Repeat, divide front numbers: % =T7...

31 Multiply this number by divisor: 7 - 4 = 28
— 28  Change the sign of this number (make it subtract) and combine

3  Wewill write our remainder as a fraction, over the divisor, added to the end

157% Our Solution

This same process will be used to multiply polynomials. The only difference is we
will replace the word “number” with the word “term”

Dividing Polynomials
1. Divide front terms
2. Multiply this term by the divisor
3. Change the sign of the terms and combine
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4. Bring down the next term

5. Repeate

Step number 3 tends to be the one that students skip, not changing the signs of
the terms would be equivalent to adding instead of subtracting on long division
with whole numbers. Be sure not to miss this step! This process is illustrated in

the following two examples.

Example 63.

3x3—5x2—320+7
r—4

r —4)32% — 52* — 320+ 7

32
r— 4323 =522 — 322 + 7
— 323+ 1222

Tx? —2x

3124+ Tx
r— 4323 —51? — 322 + 7
— 3 + 1222
Tw? — 32x
—7Tx?+ 28«
—4x+7

322+ Tr — 4
r —4)32% — 52? — 320+ 7
— 3 + 1222
Ta? — 32z
— Tx*+ 28z
—dx+7
+4x — 16
-9

Rewrite problem as long division

3

Divide front terms: 3r7_ 3x?
x

Multiply this term by divisor: 3z%(z — 4) = 323 — 1222
Change the signs and combine

Bring down the next term

. Ta?
Repeate, divide front terms: 2y
x

Multiply this term by divisor: 7z (z — 4) = 72? — 28z
Change the signs and combine

Bring down the next term

Repeate, divide front terms: T4

Multiply this term by divisor: — 4(z — 4) = — 4x + 16
Change the signs and combine

Remainder put over divisor and subtracted (due tonegative)
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0?4 Ty —d— D
r—4

Example 64.

62 — 822+ 10x + 103
20+ 4

2z + 4/62° — 8z + 10z + 103

3x?

2z + 4/623 — 8z + 10z + 103
— 6x3 — 1222
— 2022+ 10x

322 — 10x

2z + 4/62° — 8% + 10z + 103

— 62 — 1222
— 2022+ 10x
+ 2022 + 40x
50x + 103
32— 10z + 25
2z + 4/62° — 8z + 10z + 103
— 623 — 1222
— 2022+ 102
+ 2022+ 40z
50z + 103
— 50x — 100
3
322 — 102 + 25 + 5
2z +4

Our Solution

Rewrite problem as long division

3

Divide front terms: 62% =32

Multiply term by divisor: 32%(2z + 4) = 623 + 1222
Change the signs and combine

Bring down the next term

.. -2
Repeate, divide front terms: Ox

Multiply this term by divisor:
—102(2z + 4) = — 202? — 40x
Change the signs and combine

Bring down the next term

Repeate, divide front terms: 520—;: =25

Multiply this term by divisor: 25(2z + 4) = 50z + 100
Change the signs and combine

Remainderisput over divsor and added (due to positive)

Our Solution

In both of the previous example the dividends had the exponents on our variable
counting down, no exponent skipped, third power, second power, first power, zero
power (remember z° = 1 so there is no variable on zero power). This is very
important in long division, the variables must count down and no exponent can
be skipped. If they don’t count down we must put them in order. If an exponent
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is skipped we will have to add a term to the problem, with zero for its coefficient.
This is demonstrated in the following example.

Example 65.

203 4+ 42 — 4x
T+ 3

T+ 3223 + 0x? — 4 + 42

22

x+ 3|23 + 022 — 4o + 42
— 2z% — 62

— 6x% —4x

202 — 6x

x+ 3223 + 0x? — 4o + 42

— 223 — 62>
— 62% — 4x
+ 622 + 18x
14x 4 42
222 — 6z + 14
x+ 3223 + 0x? — 4o + 42
— 223 — 62*
—62% —4x
+62%+ 182
14z 442
— 14x — 42
0
202 — 6 + 14

Reorder dividend, need 22 term, add 0 for this

. 223 9
Divide front terms;: — = 2z
T

Multiply this term by divisor: 22%(z + 3) = 22° + 622
Change the signs and combine

Bring down the next term

Repeate, divide front terms: =—6z

Multiply this term by divisor: — 6z(x + 3) = — 62 — 18z
Change the signs and combine

Bring down the next term

Repeate, divide front terms: 147;1: =14

Multiply this term by divisor: 14(x + 3) = 14z + 42
Change the signs and combine

Noremainder

Our Solution

It is important to take a moment to check each problem to verify that the expo-
nents count down and no exponent is skipped. If so we will have to adjust the
problem. Also, this final example illustrates, just as in regular long division,
sometimes we have no remainder in a problem.
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Practice - Dividing Polynomials

Divide.
1) 2022 + JJZ + 222
4z
20n* 4+ n? + 40n2
10n

6x
10n* + 50n3 + 2n?
10n2
222z —71

)

5) 122% + 2423 + 322
)

) s

n?+13n + 32
11) n+5

v2 —2v — 89
13) v—10
15) a? ;4_aé;38

45p° + 56p+ 19
17) R

1022 — 32z +9
19) 10x — 2

4r2 —pr —1
4r+3

93) 4

n—2

27b% 4 87b + 35
25) 3b48

422 — 33z 428
27) 4x —5

929 a®+ 15a2 + 49a — 55
) a+7

x3 — 26z — 41
31) Tz+4

3n3 +9n2 — 64n — 68
33)
n+6
x3 — 46 + 22
z+7
9p3 4 45p% +27p — 5
37) 4 iy p
Ip+9

r—r2—16r+8
39) —

41) 12n3 4+ 12n2 — 15n — 4
2n+3

43) 403 — 2102+ 6v+ 19
4v+3

5z4 4+ 4523 + 422
2) 9x
3k3 4+ 4k2 + 2k
4) ———
5pt 4+ 16p3 + 16p?
6) P P P
4p

3m* + 18m? + 27m?
8) :

9Im

10) r2—7"?i’9—53
12) b2 fb12b7+ 16
1) e
16) x2 fx12z4+22
18) 48k26—k7_01;+ 16

n2+7n+15
20) n+4

3m2+9m —9
22) 3m —3

222 — 51 — 8
24) 2x+3

302 —32
26) 3v—9

4n2 —23n — 38
28) 4dn+5

8k3 — 66k + 12k + 37
30) A

39 3 — 1622+ Tlz — 56
) r—8

k3 —4k2 —6k+4
34) ——

2n3 4+ 21n2 + 25n

36) -
2n+3

8m3 — 57m?2 4 42

38) _
8m+7

40> 2x3 + 1222 + 42 — 37
2r +6

49 24b3 — 38b2 4 29b — 60
) e
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Answers to Exponent Properties

1 1
18) 32 33) 512424y45
19) 3

) 34) y51.2
20) 33 2
21) m? 35) s

3
22) X
) 36) L
422
23) Em -
y? 37) 2
24) +
25) 4xloytd 38) %
2 18,,6
6) 8u v 39) 2¢"r®p
27) 2x17y16
3 4 42
28) s 0> Y227
1
29> 62245 41) ;ili
4
30) 3a® 42) 25618
31) 64 ¢
32) 2 43) 220
Answers to Negative Exponents
13) =5 25) -
x7y2
14) = 26) 4y*
u2
15) 1205 27) 2_“U
16) =%
o 28) 4y’
17) 7
, 29) 8
18) 5 X
19) 16a'%p'? 30) G
y8zt 5.4
20) & 31) 2y°x
1 a3
21) 5= 32) o
22) 221642 33) 1
23) 16n5m* iz
2z a2
24) & 34) goope
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1 14,8

35) g 38) -
:)3302:6 :132
36) 16y4 39) y4z4
2pt4 mn
37) s 40) =5
Answers to Operations with Scientific Notation
1) 8.85 x 102 16) 5.018 x 10° 31) 2.196 x 102
4 -3
3) 8.1x 1072 18) 4.353 x 108
33) 1.715 x 1014
4) 1.09 x 10° 19) 1.815 x 10*
5) 3.9 x 1072 20) 9.836 x 10! 34) 8.404 x 10
6) 1.5 x 10* 21) 5.541 x 107° 35) 1.149 x 106
—4
7) 870000 22) 6.375 x 10 36) 3.930 x 109
8) 256 23) 3.025 x 10~°
2
9) 0.0009 24) 1.177 x 10~16 37) 4.6 x 10
10) 50000 25) 2.887 x 10~° 38) 7.474 x 10°
11) 26) 6.351 x 10~2! 39) 3.692 x 10~7
12) 0.00006 27) 2.405 x 1020
40) 1.372 x 103
13) 1.4 x 1073 28) 2.91 x 102
6
14) 1.76 x 1010 29) 1.196 x 102 41) 1.034 x 10
15) 1.662 x 1076 30) 1.2 x 107 42) 1.2 x 108

Answers to Add and Subtract Polynomials

1) 3 15) 5n*+5n 29) 563+ 12b® + 5
2) 7 16) 20 +6 30) —15n*+4n—6
—_ 3
3) —10 17) 13p 31) n® — 5n%+3
4) —6 18) —3
) ) —3e 32) — 62t + 1327
5) —17 19) 3n3+8
33) —12n*+n2+7
6) 8 20) z* 4922 -5 ,
34) 922+ 10z
7) 5 21) 2b*+2b+ 10 )
4 2
8) —1 22) —3rit12r2 -1 35) rt =33+ 7r2+1
9) 12 23) —5at 4 142° — 1 36) 102° — 62® + 3z — 8
10) —1 24) 5nt —4n+7 37) In* + 2n> 4 6n2
11) 3p*—3p 25) 7a* — 3a®—2a 38) 2b% — b® + 4% + 4b
3 2 3
12) —m°*+12m 26) 12v°+3v+3 39) — 3b% + 1363 — T2 —
13) —n®+10n? 27) p*+4p—6 11b+19
14) 82° + 822 28) 3m* —2m +6 40) 12n* —n3 — 6n% + 10
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41) 2zt — 23 — 4z +2 42) 3z* + 922 + 4x

Answers to Multiply Polynomials

1) 6p—42 17) 3022 — 14z y — 4>
2) 32k2 4 16k 18) 16u2 4 10uv — 210>
3) 120 +6 19) 322+ 13zy + 122
4) 18n3 + 21n? 20) 40u? — 34uv — 48v?
5) 20m® 4+ 20m* 21) 562% +61xy + 159>
6) 12r — 21 22) ba* — Tab — 24b*
7) 32n° +80n + 48 23) 673 —43r2 — 12r — 35
8) 222 —Tx — 4 24) 1623 + 442 + 44z + 40
9) 560 — 19b — 15 25) 12n® — 20n® + 38n — 20
10) 4r%+40r+64 26) 8b% — 4b> — 4b — 12
11) 822+ 22x + 15 27) 3623 — 24x%y + 3w y* + 1293
12) Tn?+43n — 42 28) 21m3 + 4m?*n — 8n?
13) 1502 — 260 + 8 29) 48n* — 16n3 + 64n* — 6n 4 36
14) 6a® — 44a — 32 30) 14a*+ 30a® — 13a® — 12a + 3
15) 242% — 222 — 7 31) 15k* + 24k* + 48k* + 27k + 18
16) 202 — 29x + 6 32) 42u' + 76uv + 17u?v? — 18v*
Answers to Multiply Special Products
1) 22 — 64 14) 9y* — 922 27) 2522 4+ 70z y + 49y
2) a®>—16 15) 3622 28) 16m? —8mmn +n?
3) 1 —9p? 16) 14 10n + 25n2 29) 422 + 8z y + 4y?
4) 22 -9 17) a*+10a + 25 30) 6422+ 80xy + 251>
2

5) 1 —49n 18) v2+8v+16 31) 25+ 201 + 472
6) 64m? — 25 19) 2% — 16z + 64

32) m2 — 14m + 49
7) 25n° — 64 20) 1 — 12n + 36n>

33) 4+ 20z + 2522
8) 4r2 -9 21) p?+ 14p+49

34) 64n% — 49
9) 1622 — 64 22) 49k — 98k + 49

2

10) b2 — 49 93) 49 — 70n + 2502 35) 1607 — 49
11) 162 — 2 24) 1622 — 40z + 25 36) b —
12) 49a® — 49b? 25) 25m? — 80m + 64 37) n? —25
13) 16m?2 — 64n> 26) 9a>+ 18ab + 9b? 38) 4922 + 98z + 49

39



39) 16k* + 16k +4

1) 5x+%+%
.fB3 T

2) 22 4 52+ 32

3) 2n3+?—;+4n

3k2 | k1
4) - tst1

5) 2x3+4x2+%
6)5%3+4p2+4p
7) n2—|—5n—|—é

8) ™ +2m+3
9) z =10+
10) 7+ 6+ —

8
n+5

12) b—3— >

11) n+8—

40) 9a%— 64

Answers to Dividing Polynomials

2

16) z — 6 — —2

17) 5p+4+

18) 8k — 9 —

r—4

3
Ip+4

1
3k—1

19) z =3+ 101372

40

31) 22— 4z — 10— —

32) 22— 8z +7

33) 3n?—9n — 10 — "

5
34) K23k —9— 25

35) 22— To+ 3+ ——

3
2n+3

36) n®+9n —1+

2 4
37) p +adp— 145

7

2

39) r2+3r —4— >
5

2
40) 2° 43z =T+ 5

2 5
41) 6n —3n—3+m

2 3
42) 60+ b+ 9+ -

1
4dv+3

43) v? —6v+ 6+



