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Since the beginning of your experience in algebra, you have
worked with polynomial expressions and equations. Perhaps this is
a good time to clarify the terminology. A polynomial expression
can sometimes by simplified; sometimes it can be factored; and
sometimes it can be expanded. A polynomial expression is not an
equation, and therefore you cannot solve an expression. On the
other hand, polynomial equations are equations (sometimes linear,
sometimes quadratic, sometimes more than quadratic)--the problem is
to solve the equations. Solutions to equations are called roots of
the equations. The next section involves polynomial functions--you
will learn to graph the polynomial functions by finding the

X-intercepts or "zeros" of the functions.

Summary
Type Examples Action to be taken
Polynomial Expression 3X + 5(X-8) Simplify, expand, or
(2X - 3)2 factor the expression.

X* - 5%2 + 4

Polynomial Equation 3X + 5(x-8) =0 Solve (or find the
(2X - 3)2 =0 roots of) the equation.
X* -5 +4=0

Polynomial Function Y=3X+5 Graph the function by
Y = (2X - 3)2 finding the zeros of
Y =X - 5X2 + 4 the function.

General Form

Polynomial Expression aX® + a X"+ a X%+ . .. a
Polynomial Equation aX® + a X'+ aX?+ .. .a-="0
Polynomial Function Y=2aX"+ a,X"!'+a,X"2+ ... a.
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In 1-12, factor the polynomial expressions completely, using real

numbers:
1. X* -5+ 4 2. X* - 13%X% + 36 3. X* - 5%X% - 36
( ) ( )
( ) ( ) ( ) ( )
4., X* + 8%X%2 -9 5. X' - 16 6. X' - 81
7. X3 + 2%+ 4X + 8 . 8. X3 - 2%X%2 4+ 4X - 8

(Factor by grouping)

9. X® - 2X* - 4X + 8 10. X* - 2%* - 16X + 32

11. X' + 2X*® + 8X + 16 12, XxX* + 2X° - 8X - 16
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In 13-28,

13.

15.

17.

19,

21.

x4

x4

x3

x3

x5

find all real roots of the following equations (that is,
solve the polynomial equations using real numbers).

13X2 + 36 = 0 14. X* - 29%%* + 100 = 0
132 + 36 = 0 16. X*=8X2+ 9

4X = 2X% + 8 18. X* + 2X2 + 4X + 8 =0
12 = 4X + 3X%? 20. X + 5%X2 = 9X + 45
81X = 0 22, X5-X=0
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23. X°* - 5%X* +4X =0 24. X° - 10X® + 9X

26. X* + 2X* - 6X =0

25. X3 - 4X2 -3x=0
The quadratic formula or completing the square may be necessary!

0 28. X®* + 4%X2 + 13X =0

27. X - 4X%2 + 5X

In 29-36, solve the polynomial equations using complex numbers.
Use the quadratic formula or completing the square as

necessary.
29, X' =8%X2+ 9 30. X® + 4X =2X%> + 8
(See #16) (See #17)
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31, X*-X=0 32. X*+ 13%X* + 36 = 0

(See #22) (See #15)

33. X3 -4x2+5X=0 3. X® + 4X2 + 13X =0
(See #27) (See #28)

35. X* + 4X2 + 6X =0 36. X3 -4%X2 + 8 =0

Frequently, an equation has a multiple root, as illustrated by

the equation X? - 6X + 9 = 0. Factoring this gives a double factor

(X - 3)2 =0, since (X - 3) is to second power.
X =3 is said to be a double root. The root X=3

Therefore,
is said to be of multiplicity 2.
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In 37-44, give all roots and multiplicities.

37.

X=

39.

41.

43.

X5 - 6X* + 9X* =0 3. X5 + 8X* + 16xX* =0
X3(X2 - 6X + 9) =0

X3 (X - 3)2 =0
(mult ); X= (mult )
X® - 8X2 + 16X = 0 40. X° + 10X5 + 25%% = 0
X* = 5X° + 6%2 42. XS = 2%X° - x*
X" = 2%5 - X® 44, X + 16X® = 8X°

In the previous exercises, you were given the equation and

asked to solve the equation or to find the roots of the equation.

Now, what if the problem is turned around? What if you are given

the roots of the equations, and the problem is to find the

equation? This is 1like reversing the process of solving a

357



quadratic equation by factoring (or completing the square).
Consider the equation: X2 +X-6=0

(X + 3)(x-2) =0

(X+3) =0 ; (X-2) =0

X=-3 ; X =2

Now, find an equation whose solutions (roots) are X=-3 and X=2.
You begin with this: X=-3 X =2

(X+3) = 0 ; (X-2)

(X + 3)(X-2) =0
And you end up with this: X +X-6=0

]
Q

In 45-60, find an equation whose solutions (roots) are:

45, X =3; X = -2 46, X = -7; X =4
47. X = -2; X = -5 48 X=-4; X = -10
49 X = 2 v¥3 [Isolate radicall 50. X = -2 + 5

+
X - 2 = * VY3 [square both sides]
(X - 2)%2 = (x vV3)?
X?-4X + 4 =3
X?-4x+1=0
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51, X = 2 % i [Subtract 2]

X - 2 = % i [Square both sides]

(X - 2)% = (+ 1)?
X2 - 4X + 4 = i?
X2 - 4X + 4 =

12

[Remember that i® = -11!1!]

Final Answer:

53. X = -3 % 4i 54. X =4 % 2i

a somewhat “factored form” is acceptable!]

[Note: In 55 - 60,
56. X =2; X=-1 1% 5i

556, X =3; X =2 ¢+ 3i
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57. X -2; X =2 % iv2 58. X = -3; X = 3 t iv2

59. X=3; X= -2; X=4 % i 60. X= 2; X= -5; = -3 % 5i
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3.02 pAsi-360:

I G-2Xoet Y=Y xt) 2. (- w3 (-2) (b 2)

3. DG (x¥4) 4 -NoeD(x%e) & Do 4)
6. GD(x+DH) 7. Crdlxid) B (x-D(x'+4)

b Ge-ers)  10. (x-D(x-)x+4) Il berd) (xE2%44)
2. (x+D(e-D)(xax+d) /3. xet2 23 M. x=iz2i§
5. Mo real .sa.liuffm G, =23 7. ®=2 I8 ®=-2

9. 2222,3 20, x=43,-5 2, y=0,23 12.x-0%/
23. x20,21,22 24, x:0,:1,+3 .5 X=0, 2+\7

26. %20, ~[XV7 27, 220 3. %0 29, x=*3,%{
0. X=2, 221 3, xeo, 1,21 2. pedii A3
B %20,2%0 34. y:0,-3%3; 3 %=0,-2+ V2
3. 220, 242, 34, K= O (omakt 5); 2w 3 (il 2)

3g. x=¢éuﬁa‘3}3 X= -ﬁ'mﬁfzj 9. x:a;x:-d(mﬁzj
40. X=0(muk 4); xe-5(mult2) 41, x=o(makdy x=-14
42, Z=G{ma#ﬁ4§5 2= (meté 2)

43, x=0(mult 3)y x=| (mult 2)3 x==1 (muit 2)

4. X=0(nuit3); x=2 (muldd); X=-2 (one 7 2)

4. xTx—¢zo 46. xvax-1wW=0 7. XFIxHO=O
4B x4 MX+40=0 49. xtax+|=0 §O. % +ax-[=0
. ¥ dx+520 2. xNdxsi3=0 3. X 3ex+25=0
54, x=FX +rro=0 53, f’xdj{x’adx.pi;j-d

5B, (k-2)(x2x+28)=0 £7. (X+D(x=4x+6)=0
58 (x+D(xTex+) =0 59, KEx-E)(XZgx+i7=0
60. (x%3x=0)(X Fex+34) =0,
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