Polynomials

C’h Book 2 we said that a term is a very simple kind of expression where multiplication'is the
only operation. This book is about expressions that are made by adding and subtracting
terms. These expressions are called polynomials.

L*y + 7 is a polynomial in y.

xt=5x+2

3a +2b +5c¢

3x

3a*+ o+ 2a*+ba - 7/

Most of the polynomials in this book are polynomials in the variable x.

We can list polynomials in x according to their degree. The degree of a polynomial inxis
equal to the highest power of x that is in the polynomial.

is a polynomial in x.

is a polynomial ine, b andc.

is a polynomial in x.

is a polynomial in a.
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i _ First Zero
Fourth Degree Third Degree Second Degree Degree Qegree
3 50- 200 +5x-H| bx*+Sx+dx-2 | x+5x+6 | Bx+4 | 7T
| 6x* - 3547 3 +x Uyt -Q 5x| -15
x4 x> =% + | 3x*-5x-| bx* x-6 S
3x" Hx® | x*- 3% ® 2
Teli the degree of each polynomial.
Q3 -bx*+ Hx -2 isa third degree polynomial in x.
-4 isa_S< ord) degree polynomial in x.
x-5x+2 isa_Second degree polynomial in x.
bx* isa_>oucthn degree polynomial in x.
x+D isa % c<%_ degree polynomial in x.
@ 8 isa_zocoO degree polynomial in x.
5x* +2x*=-Ux  isa_ o degree polynomial in x.




Adding Polynomials

Polynomials are like numbers in many ways. If we have two polynomials we can always ‘
add them together to get another polynomial. We just have to remember only to combine |

liketerms. Hereis an example:

(ox -/

Here are some polynomials for you to add:

(3x+5) +(Hx+1)= Ix+

(20432 + 7V (B¢
(x@ +5) + (w2 +H) =

(5%-3) + (Ua D+ (2070) = [ =2
(2 + 6xC5) + (=83 ) = =20
(3a+4b +c)* (5a g 2cv= Bat3e (

(3x+4) +(5x+2)*

() 38 D -

3 +Dx+2
+ Yy2+3xt+t2
Tx?* ¥ +Y

X +ox+9
+  xreHxtd
752 o H13

) + (H4x + D) = |0Ox -2

+§§@= 1Ox 2 X+ 3
Ax*+9q |

2x= 10X+6

5yt —4x -8
+ bxt-9x+7
W —13 - |
3% -9 |
+ 2xr+ 2%t 2 l
x5 (-‘
&ﬁwm"m\i
]




Opposites of Polynomiais

L There is another way that polynomials are like numbers. Every polynomial has an
opposlte. To find the opposite of a polynomial we just find the opposite of each term
in the polynomial and then simplify.

For example, the opposite of 5x* - 3x + 7

is o C O =3+
which simplifies to Sxt+3x -7
You finish up the table below.
Polynomial Opposite Polynomial
3x*~8x +2 “3x* +8x -2
6a +7b +4 = G ="Thy =1
& S5xt~2x~9 ~ Gy A 25 4
x* = b e
R At S I A A e e
Ji=g _ Ix~*%
x2 +5x =4 ~xE S+ 1Y
- = 5% + 4 X* 5% -4

Let's see what happens when you add opposite polynomials together.

(;/+%—/l‘f)+(;x‘—,54%)=o
(‘Z;(—/é +ﬂ4+g)= o
0 (?‘{_}3{-{7’3-&- ;5{“4-}{—77:0




Subtracting Polynomials

Remember how we used to change subtraction problems to addition problems when
we worked with integers? We always had to add the opposite of the second number.
Well, polynomials work the same way — only this time we have to add the opposite of
the second polynomial. Here is an example:

(5x3-3x~7) — (8x*+6x-2) =

First we have to change this to an addition problem. There are three terms in the
second polynomial, so we have to be sure to change each of them.

(5x2-3%x-7) +(-8® +6x+2) =
Now we just have to write the answer:
(5x3-3%x-7) +("8x3+6x+2) = "3x*-9x =5

You subtract these polynomials.

(3x2+5x-2) + (724 5x+H) = x>+ 01— g
(bxt+2x -2) + (-x*+ Hx+ ) = 5x*= 2] ¢
(2)(?-%4-3) *(-3),24. +L|.)=__32__\_7

(/y’-“'y/é) +(/f+’5y+/6) "{j

(4 + 3% 5) ¥ (LE+3x #5) = G
3x2+ 5% -2 502 - 2a -8

| + -2+ 3 ¥7 | C+-atr6av3 ‘3
o Y +3x -9 Herta-)
| =3+ 2 8x: - 8x-3 |
+ e F3Ix ¥ b + —Hx¥2 g
—ox—' Yy2-lzx -5 ¢
6‘ 4 o




dl

In these problems you have to add and subtract polynomials. Change the signs on

ooolynomials you are subtracting, but not on ones you are adding.

(6x* = H4x +7) + (2x*-3x=9) =P x = Tx-2

(3x2+5% = 1) + (Hxr +2x+H) = =X *+x - 5

(3x+5) +(2x~-3) + (4x-6) = x- 4
(@+b-¢c)+(a+b+ 2c)+(-u+b+'r.) = a4+

(2x* + x=3) +(x@-2% +3) +(-@ €x+3) + (x2+3x +]2) =X *X"‘Gi

(x-y-z) + (x-y-z)+ (xty+z) +(x+y+z) =2x
(3o0+2b+ W) + (a2 +b + 1)+ bar ¥2b+ 1) + ba2 Fb+2) =-21%%

.Solve each equation.

8x-(5x-4) =25 6x+(Hx+5)=13

[Ox +(-3x ¥6)=8

Bx+(-5x+4) =25 | OX-Hx+5=\3 Jox- 3x- 6 ;;5
=13 =
3x+4"% 257 22<f55 'lé' X 4’%, 4 -
- =9 Ix =
3x =2| %x 2 il
A v
(bx+9) +(2x +5) = 38 (9x + 10) + (3x -rz) = 74
bxd -2 3‘8 AXETD -3 XCD= T4
’
| L}X“ lL) "l‘F éng ,;/‘
L[)C =2 | bxe
0 o 9 e L
Xz
gmwwﬁmrmm




Write a polynomial for the perimeter of each figure.

3k +4

3k +4

3k + 4
3k + 4
2k = |
2Kk - |
Answer: Ps |[OKk + §

4m +7

Ym

2.,

2™
Twm+]
+ 2+

{ 1315 )

Sm+7

X3 a2

) Ex+\
L FEx+15

i dV il B SN

[ e eizx 1y

Ux -2
i §e~ 5
Ux-3
r Ax-3

“[iex—1z]

2x+1

22+ 1

@(ix+ﬁ>

{\1><+(o)
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The Distributive Principle

i ‘Remember the Distributive Principle from Book 17

Distributive Principle:
If @, b and ¢ are integers, then a(b +c¢) = ab +ac
and (b+cla = ba+ca.

This is the principle we use when we want to multiply a single term tlmes a polynomtal
]ust multiply the single term times each term in the polynomial.

Here are some examples:

~ N
3(x+4H) =3x+12

A~ N
x(x +5) = x* + 5%
~ N
5x(2x+6) = |0x2 + 30x%
AN |
Ax(x*=5x+2) = 3x3-15x*+ bx
(292 +3x2-x+ 6) = 8x*+ 1253 - Yz + 24 x

To multiply a polynomial times a single term we use the second part of the Distributive

i Principle.
| A
(x+4)o = bx + 24
A
(x-5)%x = % - 5x
A

(I0x +3)5% = 50x* +13%x

() AN
' (3x2 +x =7)2x = 6x3 + 2x* - |4x

- o
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Use the Distributive Principle to do each multiplication problem below.

~ P

3(3x-5)= 6x-15 {(3x-y +5) = 12% -4y +20

Slox-H)=2ox—20 | B3x-y+5)= 15x-5y+25
Ty, ¥30

(3a+4b)2=6a +8b 6(3x-y+5)= 16X -63"

(x+5)10= |0%+50 (3x-y+3)7= 2% ~Ty ¥ 25

'5?22?‘-}) ="10x+20 ‘Hﬁ}) =|2x*+24%-8 §
"4(3y +5) = -2y -20 ~5(3x —bx +2) =" 5% 30X - (O f
-3(2a-5b)=-a+ b | “1(3xr-bx +2)=Bx"tox—=  F

(a+x)8=-%a -Fx (3x2 -bx +2)(C10) = 20X "+ LOX-2

e~ 2wa-Tx |yl +Bx-W =2y By

(3y +5)y =% 5"+53 x(Zy‘ +3% -4) =a27<31‘-L5><"‘— Hx
x(5-8y) =5x-Bry (2y%+ 3% = th)wy = 2"+ 37y -y
xy (3x +4y)=3cysttug (22 +3x-H) =2><Zf+3><”-<+xrf_{.-

xS ———

5@7)-21)%3@ 3@0 = (227 -(ab+3ac |
BalHa+2)=12:" 4l Oy (3x+ Ly - 8) = [5xy +20y" - 403 !
Yx(xz-5)="1x>~ 20 ny (3x+ '-ly -8) =é>><13 *%781'(6’8{
(2x+ 11243 =74 2> | (Tx2=Bx-6) bx® =H24 - 30 36x*
: (3y-6)(-5y) = —usywy ~Ub(a -3b+c) = -Hab+12ab -Hac
Tx(3x+ LFy) =2|X"+2’i5>$ Txy (3x2y + 2xy2 +x?) -.-.)

(5 O ey ST R——
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Solve each equation.

e 5(x+3)=3-5 - 3(x+6)=39 2(3x+15) =18
Sx +)57% 357 O+ 18 = Ly +20 = 14
-1% 7 -20
.S'ngo 3)( :2_}_ 67(: “___(__2;
. e = 6
" q ﬁ -/-X:—z.!
8(x-2) =32 5(a +3) =8a 7 = L% +6)
%X—lb:32. 54-»15:%& 7X:L{_><42L'[
+16 +16 ‘96.,15 ”35'& —gyx —4x
_ - Ze , )
?%é e 7 T X :;zﬁf
/Xié\ lﬂ-°5&' X:%’

. 4{x+5) = 3(x-6)

3(2x-5)+4 = 3|

_,4**7—0 =3%— 1% bx-15+4 =3
52X 7206 —Z % -20 Es{l— ) :3“
= = R _ +\t +\ U
& 6

I0=18 +H4(3x+7)
0 = 1%+ [AX+2Y

lo = 124+ 6
—UHb —4 b6
56 = 12X
o 2 iz

F=—3\

- 3(3x+5) = 2(6x-3)

AX+ 16 = 12x — G

—Aax -ax
|5 = 3x -6
gy 2|02t
21=3%

% .
= R=77.
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Write a polynomial for the area of each rectangle.

_2x+5 '
N N A= 3%x(2x +5)
2 6x* + 15%
2x+5
K+4
2x 2x 7[3(;’27( (5){*“—1’3
| —— @X'L e gﬁ
6x -1
3 o a=s(exD
A = l%\(“g
6x—1
al A e PCZF*‘T)
P 12 :
. 2r+7 : F-: 2P(‘-¥ 7‘0 ) .
| 3r-2 31-2 R:?)X(BKEDD
- E-—:\O\x -(99
2t A =5n (Tn+d)
n+4 :
1' | 10 ©1990 by Key Curriculum Proje '
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Factoring Out a Common Factor

i B &omeﬂmes we need to break down a polynomial into a product of other polynomials.
This is called factoring. If you could do the problems on the last three pages,

then you won't have any trouble factoring single terms out of polynomials.

3 Here is a polynomial that we will factor: :

B8x + 20 =
4 goes into both 8 and 20. So factor out 4:

8x + 20 = 4 )
Now it's easy to fill in the parentheses:

8x + 20 = W(2x +5)

Here's how to check your answer:

H(2x +5) = 8x +20

Here are some polynomials for you to factor.

6a -30= 3(2a-10) 5% =5y +10z = S(x- g+27—3
ba-30 = 6(a - 5 ) 7% - 7y - 7z-7(><‘j_-f -2
6a-30 = 2(2._15) 120 - 28b + 10¢ = 2/be-l4b+50)
8% -27= 3(tx-3 ) | 2w+ 18w+ 1= 2 x>k )
18x -27 = 9(2x -3 ) 0%t +15%-20 = 5(2x*+3x-4)
Ux -32= 4(x-%) ba - 18b + 12¢ = (,(c~2 b +20)
8y-10= 2(4y-5) x +12y +15 = 3(3x+4y +5)

[ . 30a-40= (0(3c.-4) 8a +12b+H= (2547, 1)

} | O
" Did you get the last problem? If not, see the next page.
01900y Koy CurtemPrfac. 11 -
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Here's how Sandy and Terry did the last problem on page 11:

Sandy - Terry
8a+12b+ 4 =H(2a+3b+1) 8q +12b+4 = 4(2a +3b)
Here’s what happened when they checked their answers:
Sandy | Terry W
[}

o -]
W(2a+3b+N =8a+12b+4  4(2a+3b) = 8a +12b

Sandy's answer checked. Terry's didn't because Terry just factored out the 4 without
leaving any term in its place to multiply by.

Factor each polynomial Sandy's way.

5y+5= 5(Bg+ D [4n +2lp +7 = 7(Zn+3p‘r>
Ta+7= 7 a+D 9x - 18y +3 = 5(3><’65+D ¥
12n-3= 2(4n-1) [ -22a + Y44b =\\((-2a+1b
| 5+20x= 5( 1+ O 5x* +10x +5 = S(xz+zx+\>
L bx-2= 2(3x-1) 28x* +28x *+ 7= _7(4><7—)(L\><+\ 2
. Factor the biggestfﬁumber,you can out of each pdlynomiél. ;
Pty +28= 4 (6x+T) 20x + 60y - 100z =
' 20 ¢+ 3%~ S’zB h
10a + 25b= S(2a+55) . 4o - 12b +be =
2(7c =LY 3¢)
- 24 = B(5n-3) 2’-I+‘+8x+‘+2x‘3
33p + 55+ (2p+5) do L 0L 3
o(5a—1b+3c_§
8% - 30y = (, (2%~ 54D é:‘ +27¢-15 =3
2._‘. C"
100 + 40z = 20(5 5 5% %
4 +ZZ) \1(r+55 SJc

 Sbwrd2= () | Bx-iZy-3-

o T ox-dg —




Any number that goes into all the terms of a polynomial is a common factor of those
terms. Often we need to factor out the biggest possible number. This is called the
"@Wgreatest common factor. Factoring out the greatest common factor can be done
in steps if you don't find it on the first try.
es (nto 42 and 56,

42a + 56 = 2(2la + 28) °° C %, Tator sut 2.

2'7(3a+’+)'°°
430 +4) so far out 7.

Factor out the greatest common factor. Do it in steps if you need to.

b

' ‘
p

Y

i

lox - 48 = 200x + 80y - 120z =
(- 2) 020K+ By~ 22
- Hol(sx + 25—52_5
30x + 45 = 72a - 96b - 48c =
1S+ 3) 24( B —Hbo =23
75x - 15 = 32xt +40x + 160 =
»| ® 15(5%—1) T (Hxzviox + 205)

Common factors can be variables as well as numbers.

x* +8x = x@ +8@®°° °0° —~
M N ITNEETD

e 1200 1 0O0  (aa e iy ey e
= a'(2+a)
Here are some for you to try.
x2+ 3x = X (X +2) a® +5a*+ 3a = Q(QL*”SC‘*'%)
Sat + 2a= ol 56+2) 2x*+x* - Bx = X(ZXL‘LX“%\)
y o Tye oy (-7 ab+2b+br = (o + 2 +0D
, 2% ~ x* = % (12— %) oxty *xy+ly= \5(§X‘?"¥ %73
@ _. 0 3x3 + 2x2 = 3(7"(_3)“'2) | X3 - Hxz +x =)((><7f.._‘l.{x_!'..,t\}
.: K¢ -5xr = )C"(Xz'-ﬁ) | ab + b*+2bc = b( a J«-'b—\rZC)
k
| g 13
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Sometimes the terms of a polynomial have several common factors.

s =(5H)- >. .. °0o L
R
= 3x+

~ Here are some more polynomials for you to factor. Always factor out the biggest single

term you can.
. 2. f !
B2 + 0% = I (X +2) o+ x5 xo = g (Cn-1)
7~ ¥ " \ \ /: ﬁq 1_-

L]. g 3)/5 _ ,\} \Fjr —+ {)) 5(1’ + 3au + éa! = a-b (Sc\z* 34*(a>

eyt rwy sty (g o) | brymxyre2eyexyl

; N Ay ((sy—lj-\—?.xtj)
b xty* + Xy = X \j“» "’7”"7*“‘)'2:
y= sl g (%+1+4)
' 3x + 12% = Dy | ""L”ft‘/\ .a’b’+a‘b‘+ab =

| ab(atb? +ab+1D
bxt - Gxt = 2% (2% =2 ) | 1203-9a* ~6a = 3a()

. 3@('-\6\ “?)cx 23
*; o +bxy = Z(Zx33y ) | 1080 # Ut +bx =y
§ ) 2% (5x*+ ?_x’r?b
0% ~ 1550 = 5y (2¢=3) | Bxy+8yt-8pz=
C | Gulxey- zg
- - 12a* - 18ab = (oa\:f.ﬁx"?}@> L*‘X"'L"X"""BX =
o | : '-\x‘(x -% + 2
Tur =Tt = T (=) | 63wt 81 -72%3

T | A (erax-®)
25x% * 0%y = %[5 %"'J\) %%a’ +?20a_l\>- \OQO;c
a. A &

|
|
|
ql 1 4 - ' ©1090 by Key Cutriculum
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Monomials, Binomials and Trinomials

OFrom now on we are going to call single terms monomials. Polynomials that have two
terms will be called binomials; and polynomials with three terms will be called trinomials.
See if you can add some more examples o the ones that are given below.

Monomials Binomials Trinomials
- 3x X +5 x* +7x + 10
| y Ta-4 | 30-9x+6
ox* 3x® +2x3 X+y-Z
-8 a+b 2x* + Bx3-x*
e 4 x’ 2% =S  |ex’xx’ -1
) Tl -9aee | @ 43 |otbrabay

is. ‘Aultlplylrﬁ and Factoring Polynomials

We already know how to multiply monomials (single terms) times other polynomials by .
using the Distributive Principle. Are you ready to multiply binomials times binomials?
Well, here we go . . . All we have to remember is to multiply each term in the first binomial
times each term in the second binomial. Here is an example:

(x+5)(x+3) =
First multiply x times each term in the second binomial.
m ,
(x +5)x+3) = x* +3x
Then multiply 5 times each term in the second binomial,
(x +5)x+3) = x*+3x+ 5x+I5
2 _

Now simplify the answer by adding like terms.
o (x +5)x+3) = x* +3x +5x + 15
R =x* +8x +15

©1980 by Key Curricuium Project, inc.
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Below are some problems for you to multiply out yoursel.

x+3x+2) = x242x +3x+6 (x+5)(x+6) = XX
Sl A

(o
= x2+5x + 6 X*4+ Ik +20 b
bS

u‘@gjm

5 A

(+5)x+2) = [ 71Z, (14 Dlx+6) = x% |
mxuo 8 Q% B ,,,\[7(1 5("77(_\_@/6://1/\
5 <y+3)<y+5) ) T R Q
(y+Hly +100= =5 (2+3)(z+3)= =z 3

%Lq 22,7'32
[(engrio) o] [2rezd] Chrer

The problems below have negative terms, so be extra careful.

(% -4\}‘&:}5) = X*=-5x-4x +20 ('xﬁé’) = K +3x-T7% '2‘;

= x! ~9x +20 = xt = Yy - 21
- | {?"2}('x“"4)- 5)(x+3)_ i , ‘
vl
ﬁz %] 335
(x~3Hx~-B) = | (x+2)('x Y= 2%

—3;< x| x*
C%st;) ,5\ S*EJM e\ -1

| G=6)x-6):  « ¢ (x+B)x -5 K
// Teise) s [acio) e

{w~3n~8) = ) (x =8)(x +5) = x -

et R ) B

- 61-91 % | I——
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4
)
?
?

&

sl'f:‘é%

/XQ‘—me fn\)—(x
(o ~Fi{xX=2) =

f, —Gx + ltﬂ

x=-3x-4)=  x

'3

—

it

g AP

) 2

{x*3)x~2)=
ZEva

o -4 (a- m =

(- 3)"% +3) =

D R B)x-3)= X g_
X1+5X-2L}\,é%£

5

z 15K

-lo

(x+5)x-8) =

5

7<\ %5

(xF-3%-4o) TP

(x +4)(x - =

X

= X o x?

I —lbk -4 =16

(x+1)%x-5)= & Ix
1‘ "4)(‘5' —égéx -5
(x I x+h= —éi
[X7’+X -12) B
= % =5
('x -5)(x - 2) N
—szx_ (D]

(x - e)me)-
( T 34:!
(;Ty 3=

M

5 (x*N(x-2)=

W\w«-—"‘% e

SR (7<+)o)(><+\0)

[

i

m

35 by iCey Curkwlom P
t;or-:rd.;immwuhomw mbn

2 \o
\oO

(x=1) = (»<

[x*+2x45 ) "PS—,E [x*+Tx=\%] X5 _‘}g
Muttiply.
BV o (% +5)x+5) (x -5 = (7<“5)(X 53
o ¥ OnsGn+25 /-/—E ‘5"
s Kt 10K + 25 X _-loxt et
ORI} I CORTR) TOIET) Cx=Te (=T (T -77
(>< -+%><+\e§ qm&\i@, /X =l 4e] A

\*"'_‘—\—--———-"—‘

S —— T

I
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Write a polynomial for the area of each rectangle.

x4

A= (x-2){x+4)
x-2 = x*+4x-2%x-8
= K+21-8

x+4

x+7

A (X £ D=4 |
x 7

:1,;-4 Xl!"'()(
i —;; "2.%!

x+7

x+2

x+4

z+3

[ X* +3x 29

— (ADY %+ YD
Xz

x+4 ’ 7Q XZ Z7<
o, [Lh( ¢ |
/X L3 +%)

A= (X)X +3)

x+3

)
x+3 X XZ :
5 M%

x4+3

x+6

bd
:
-t

x+6

18
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To do the next set of problems you will need a pencil and an eraser. You will need to

_ make some guesses — and if your guess tumns out to be wrong, you will need to erase

N -
255 i‘ﬁ?“’sr and guess again.

Each problen is a second degree trinomial in x. Your job is to factor the trinomial into a

product of two binomials. Here is an example:

x* + 8x +12 = (

x* + 8x + 12 = (

 here is the answer:

i

)l )

E First factor the 12 as many different ways as you can.

) )

Now test out the different combinations until you find one that works.

(x+3}x+4) (x+1)(x+12) (x+2)(%+6)
KEe Hx+3x+12 KE+12x+ 1% *12 W+ox+2x+12

x2+Tx+12 A +[Ix+IZ o (x2+8x*+12) YeS!

L« /46 yOU Can see, all three combinations gave us the correct first and last terms
i oi the irinomial, but only the third combination gave us 8x for the middle term.

X+ 8x + 12 = (x+2)(x +6)

Lok at the problems below. Can you fill in each pair of blanks with the right numbers?

“heck aach answer to be sure you are right.

3y © @ © fuhat Factors)
24 of 12 add

A pto 77
‘wol

W Ta 02 s (e B)x+Y)
) KE + oy +IRF(L
AL g eTxen2

Meoettiny. S

wr elgy 220w (w0 X+ L)
i {3y
% f240.

Gy e 20s L+ ) x+ D)
%ﬁ;?

<1900 By 0y Cusilitum Prejea, Inc,
Dty ntA wapieais vdthion pairmiasicn,
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I { | Each of these problems is a second degree polynomial in . Factor each one into 2 prod‘,_
| _ of twe hinomials. Check any answer you are not sure of. ;
-

o
29
)

| xt+ 9y + 18 = (X *3)(%x +6)
| check: X*+bx+3x+I18
| K r9x + 1B

x4 lx +18 = (XHG )% +2)

.1@2_
| 17

x2 +19% +18 = { X L8 % +1)
\&

X:
19
o+ Tx + 10 = (7<+5) (x+2)\

[{=;
= +]{x +10 = (x*‘IDBKK-H >
=]
o+ Hx+ 4 = (K42 (X +2)
!
e
ar 45y w4 = (D)
744
e
w4 2%+ 1 8 (RFYRID

>Z\
g

@ Ix e 2 2 (X))

7
L
20 -

e Lo
S 20

]
|
36

4
x* +|3x + 36 = (X—r“&b&qs
36

3
W+ 20%+36 2 /(2D
3%,
%
Kt +12% +36 = (R LY 46D
%
iy S
xt +37x +3b= (x+1)(X+30)

;

o

3

L *
& +15x+36= (X412 (><+3> :
36

3
&
o

2+ 7% +30= (XH15)(X +2D)
o .

5 17
x> 1% + 30 = (% £ )(X 15
28 i
A=
Xt +13x +30 = (o) +3)
20
& 3

e 3\7(?30 = (>(+;o>()<.ﬂ>

26
30 5’ .
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! These polynomials have negative terms. If you factor them very carefully, you can make

;
-§
|

E

Rk e

| i%the numbers and the signs come out right every time.

(e ® what factors of
tigh  Ubadd to-t0?
Gl ™

-0+l = (x=-2)(x-8)
check: %* ~Bx-2%x+1b
X* = 0% + 16

x* = 8x +16 = (-4 Wx-Y )
W =1Tx 416 = (=16 WX~ )

W -8r+|5= (K "53(><'3§

W - {7x +72= (X -ANGY

- e

~{by + 15 = [X“IQKX.—) B ‘

.“,7

q.h

214 ¢o 1 What factors of
1-2 -28 add to "37?
1--28

xX=-3x-28 = (R +4)x~-7)
check: x*+byx-7x~28
- %2-3%-28

x+3x -28 = (X-7 WK+ Y )

oFZt~

2% =24 = (% = )X +4 )

x +2x=24= (X —4) (544

X +8x-20 = (4~ Ao !

2 = 8x-20 = L=18)( >+

Wt o= (e 4 {n-H)
shbefe: RE-Bg rUx -1k
%% ~ib

= (x+5) -5)

B
e -
ik =gt

iR

Lo+ 8= (%+4) (< -q)

<1090 By Ky Crwieudurn Projecs, Ing,
Do rot duptiesse witheut pernission,

-

x* ~H = (X422 ) (X-2)
w-l= (X1 DY

xt=100= (X + 1Y (X-16)

21




Factor these second degree polynomials. Don't forget to check your answers.

o+l 48 = (X490 5) @ + [Ta + 72 = (ﬂ+‘?3(®*°6>

x - He - U5 w (X=T)(X45) o - a - 72 = (&=D(aAD) |

x* + By + 45 = (><+'5>(><+3> 6+ + a —72 = (“'%(MKD
o ~12n - 45 = () (X3 xt = 5x +4 = (*"'D(““D
] 3 | & |
* | xw.é x 45 = (=9 )(K=5) pr +3p - = (%=1 :
i | |
O O sy

xietix -45 = (%=8)(K+G)  ar-txet = (%-2)(%-2D) o
n : o 18 v45 = (X=15)(%X-3) st - 10s +23= (s-9)(5-5)

0+ Hbx +45 = (x+ﬂ-6)(><+ 1) yr-ey+q = (3 - 33@-3) j

K =g = 457 (WU dSY X+ |) at +2a +1 =(‘¢+D(o;+'l)

R by - Y (X+L4$'>(x-l> mi+lm + 3 = (M+5>(W‘+‘> _

Ao iy o ME o (X_%S)/X'B et-c-2= (C+ l B(C -?‘> * -
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o+ b - 60 = (b= ) (b4

o -3a-28 = (a=7)(as)
e = 2m = 63 = (Wi ~) ()
- 7x -1 s (=) ()

o o8 _'30 = (‘M‘ 5("‘4*@
« -0 =20 =(a-5)/a1q)
wea-20= (a-y Yars)
#ez-z= (Z-3) (24

xeeox m42 0 (3—6)(>7)

= ~Zq =19 = (X"S)[_X*B)

bl

tezx -3 = (w3 ) o)
e Ay~ 3 o= (x_\B()(-\—g

N0 Ly Koy Sarrisulion Projedt, inc,
vo wet dugticale withaut perntesion,

Here are some more second degree polynomials to factor.

-2 =63 =/p-a)(+7)
-8x + 12w (-6 Y%
i —ax 18 e (x-1 %2
o + 135 . uze (5 +1)5+ED
X = Ity + 48 = Cx—%ﬁ&-e)
w-q= (%AB)(x-3)

w =36 (ate N a6
poots (N-8XyrE)
w1 (Y-

= ~49= (-7 Y X+7)

-t (%)=

mt - |44 =Cv~«+r1>(m-9




in each of these problems you have to multiply a monomial times a binomial times a
binomial. Ws easiest if you multiply the binomials togather first.

Bx-7)x +2) = 3lx@ +2x ~7x-1H) 2(x+3)x-3)=
-3t -5x-1) 20D

3x-5x-d2 0%

H{x-3)x+5)= alx+N(x+H) =

Y (%2 -3x +5%=15) o (0 XAYRAY)
H{x=2x ) o xFASo X+Ha
U= % 60
olx+I)x+H) = x(x=D(x-H) =
b (X4 Sx+Ux+20) s (% 2 -5 -x+26)
6 (x* +9x+20) 3= G 47 0%

x? +S4Y%+ (20

Below are some trinomials for you to factor. First factor out the biggest monomial you |
Then factor the trinomial that's left into a binomial times a binomial. ' i B

Lt + 8% - 60 = 6(x2+3%x-10)  x® +8x*-20x = x(x*+ Bx-20}

=6(x-2)(%+3) = x (x+10)(%x-2
23 + 10%-28 = Z(XZ+5x=14) x3 + Txt +10% =
2(x=2)%+7) XX T HO |
X (3 S+ 2D
Dt ¢ 35%+60 = - Tar + ba =
: 5(>¢7—+7x+-.l2.> q(a}—_l& -l-é)
: 5 (% +4 )X +3) RO (D

- 24




Multiply each pair of binomials. Remember to multiply each torm in the first binomlal times .

§ ?%‘ sAch term in the second binomial.

e

Sx+3)U3x+4) =

&27&"’ 5Hwr~ 3) =
e
Yy ~1H3x~1) =

o s "m:)x-f‘-i) 1Ox*+8x-19x~-12
=0 =Tx~12
, 3¢ - | _
WBa-i N4y +3) = Y
] - (3x-4)" = (3x - 3x - )
| 2| -3 = 9x*=12x-12x *+lb
ox+1)(2x+3) =9x-24x+1b

= x|
\2x*+ 20X+ B 27\
3 &)

S4 D

ﬂ%? +z¢lx+1zj Sx\;\séc\xﬁ

qZD»Ll?-
2% S

' 7\27\ Sx
=5

Ll»t =}

(5x+2F= ( Sx@(ﬁxﬂ) |

(2x=3)'=

Zr axyex)
v2.Son! »(Ci
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The Zero Product Rule

Write all the pairs of integer factors you can find for each of the following numbers; Then ‘
write the number of pairs you found. ‘

16 14 19 .50, 0
2 ond 8 2 . -50 - _
e -z::d-a _2_.77 lq | - | -§0 O O
- :m: 19 | —19 » —I 25.- -2 | . ©
“® and - _ - -5 . 2
lb and 1| et 255"’[5 20
“1b and -I| _ . (O 3 QO
__6 " pairs Y pairs Z._pairs pairs 9 pairs

If you tried to write all possible pairs of factors for 0, you wouldn't be finished yet. The
number of pairs is unlimited! Any number will do for one factor as long as the other factor is
0. This leads us to the Zero Product Rule:

If a product is 0, then at least one of the factors must be 0.
Or, in algebraic terms: if a*b=0,
then a=0 or b=0.

We can use this rule to solve equations like (x — 3)(x + 2) = 0. All we need to do is find
numbers which make either x — 3 or x + 2 equal to 0. There are two solutions. Can you (

see what they are? Finish the table to show that the solutions are 3 and -2.
X X -3 *+2 (x=3)(x+2)
3| 2-2 2+2 (3-3)(3+2>
2 | -2-3 | =242 | (-2-3) (~242)

Solve each equation using the Zero Product Rule.

(x=-7)Wx=-2)=0 (x-6)(x=1)=0 (x+3)(x=-3)=0
x-7=0 o x-2=0 | “3£°2 x2|=8g X+320 X-3=6
Jyus e
x(x-4)=0  3x(x=5)=0 5x(x +8)=0
.= X-4Y=0 §>_g=3q x-5=0 Ox=0 X +K°o
'3 ———
- (X=9)(x= 1) x5, (X=5\ [x=a[x==%]
(x=2)(%x-9)=0 (x=3)(x+6)=0 (x +1)(x+5)=0
X-2=6 X-F=0 X-320 X465 X+ o Xts=0 {
T (x=2) [x=9) X=3[x=4g -0 = -5)
30 : mmnymc?vﬂwmmhoj.a. Ine.
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Quadratic Equations

Zero Product Rule. Here is an example:

First we factor:
Then we use the Zero Product Rule:

Then we find the solutions:
To check the solutions, we try them in the original equation.

. G ~ATSERA S a’n «wg}:ﬁ {;ﬂw‘ypu—w .

.quatlons like (x—3)(x +2)=0 are called quadratic equations. A quadratic equation
~~an always be written with a second degree polynomial on one side and a 0 on the other
sde. (x—3)(x +2) =0 is equivalentto x2—x -6 = 0, so it is a quadratic equation.

If we can factor the polynomial in a quadratic equation, we can solve it by using the

-8x-20=0
(x-10)(x+2)=0
-10=0 or x+2=0
=10 or x=72

x2=-10x+9=0

(10Y* - 8(10) - 20 = 100 -80-20=0
(-2)'-8(2)-20 = 4 + l6-20=0
Solve each equation by factoring and using the Zero Product Rule. .
C -7x+10=0 -5x-24 =0
(x 57(>< 23 = (R-8XAK+3)=C

X-8=0 X+2=0

x=] Yx-1>=°
—qz6 X-~\=E

X
A\ =T

x* + [Ix+30=0

(x+6)(x+5>=0
X +b o Xygee

[0 [x=-5)

O0=x*+7x-18

= (>< 200K49D

W% =2 = oS X+Hq =6

Xeml (K279

0= x>+I15x+44 -
o= AN DD
X+ll=o X+4Y=C

S X

e

-49 =0 - 0 =x*-25 x*-100=0
(><4 N<-D=0 | &= xx5)x-5D (5 419 (% -18) =O
Xt7=0 X —=7=0 X~5Sz2e x-5=0 ~ —
> . /X:"’D X =10
[X=-1 x=7) | (X=-5 x=9
x*-b6x =0 x‘+'+x=0 ?-c-ll-x-gszo ) .~
L X(x-e)=0o X (X L= X458 <
SrEayeete | e ‘X"'“‘ 7| AL
| — /X =0\ X=X ="

e

clmbychurrhﬂuml‘mlm
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factoring.

RS R

B B8 L . 4 M s b

First use the Addmon Pnnclple to make one ssde equal to 0. Then solve the equatlon by 1%,

To got a O hers
I need to add -
-2 o0

x*-5x-10 =14 xt+ U8 =':2
XZ2-S¢%+6=0 2 - -49 —
| - KE=ox - 14 =0 _
X-2=0 X~2=06 X~7z0 x¥2=06 (»H—D[WU:O
X=3 X=4 x="1 X=-2 | X=-l x=|
xt-6=19 x‘+7x =8 -7x ="\2
-\q —\9 - ggg e
%F-25 =0 )<7+7>< —¥=© B Ix+12 = ©
royn-=0 | (x= X120 | (o 3D
=6 X+&=0O 2 co X476
X~ -5 x=5 X * _y
X=l X=-% X';B X =
x*+ 7x+ 1 = | xt-10x+5=29 5x+ll-ll
" 1 ] —219— 2_°1 bl = c
XE2+TIX =06 wZ \Ow—24= X*-5% = o
X(x+D = o Cx—\z)(wz}:b x (X-5)=C
X+7=& X—12 =0 X+2T0 B BT e
X:c; X = . X"D )&:&S
X2 XHo-
x*+lox+42=3 x*-10%x ="2% xz +3% - 72 =4x
-3 -3 +zx A —a¥X —4X
Xt 4lbxd?2q- o VG R g SVE IRV, b e~
[pamyxi Do | x(x-$)=O (%4 Neins
Y 4130 XYITC X-%=© x-9=o Xt&=e
¥=-2 x=-3 | X*O X>¥% w=q X=-%
x* +36 =12% 3x*-3x-8=2%x2 +2 x*+5x+5=x+|
—1ZX 1 ZX ~2X%E T2 -2x1 -2 —x = —> —|

(><~(,)/7<~é):0
X-&= <
X<

(K= 5+ 2D=0
X-S=0 Xt2-O
X=5 x=-2

[ +z2 Mx+2)=0
1
X +2 =0 ;

, X“—"‘l-
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