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[(x=2)(x=4)](x~6)=
(x2—6x+8)(x—6)=
X(x* —6x+8)+(-6)(x*—6x+8) =




X® —6X°+8X—6X"+36x—48=
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X} —6X°+4x <—6
X°—6X*+4x+6<0

dulal) Jlaniuly
1.75<x<4.95 @x<-0.69

X*—15X% +X+65>0
dalal) Jlaniuly
48 8al) aaeY) aes

o~ v




The Remainder and Factor Theorems

f(x)=3x"-6x*+x-11 (1A
313 -6 1 -11
! 9 9 30
3 3 10 19
f(3)=19

g(x)=4x"+2x’+x*-1 (1B
2 1 0 -1
3 -5 4 -5
5 4 4 -6

co-l s Nl sde LA Cx) = 24x° — 22.3x% + 53.8x + 548.2 il Jheai) - Sy

(& R

Y s _1 i Y 1 4 = "0 o T
Al J'-L' o] il SR s (C{Y) o ol 546 2 e JAX Al e e o iad e
3 . - 3.

1432 pls daslac]l U

12 =1420-1432 = &) gicd) 23

12| 24 -223 538  548.2
J 288 78 1581.6

24 65 1318 21298
C(12)=10(2129.8)

C(12)=21298




i I - 1h
i || g LF‘I."I‘..' ...d‘:-l.{_n' X ...‘,!.5- NEFES
- -l .

211 -7 4 12

J 2 -10 -12

1 -5 -6 0

35l 5,8 Jul e e Jue (X—2)
(x—2)(x2—5x—6)

(x—2)(x—6)(x+1)

(V)

oS A s gl Shaaime iV il e S (4D, f(—2) 2 ]
f(x)=2x"-5x*-x+14 (1
2|2 -5 -1 14

!\ -4 18 -34

2 -9 17 -20
f(-2)=-20

2 -5 -1 14

! 8 12 44

2 3 11 58

f(4)=58

4

f(x)=x4+8x3+x2—4x—10
2|1 8 1 -4 -10
J -2 —-12 22 -36

1 6 —-11 18 —46
f(-2)=-46

1 8 1 -4 -10
I 4 48 196 768
1 12 49 192 758
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U rle s ol gl o0 X Leor PiX) = —D.16X7 + 1555

(.14—\'5'A e ALy i

48 =1970—-2018 = cuf gicdl 2ae
48| -0.16 15.83 —154.15  1147.97
I -768 391.2 11378.4

-0.16 815 237.05 12526.37
12526 = gl 1959 28 gial) (o j311 2an)

1_5}.:-*]" el 4 J-.:g-_a,r.I ...‘_;.l.q".-i ..-;:J-.'_-‘- 3 o= i_f._.’.‘i _5..-...: L f'..": ‘_r"

X°—6X°+11x—6 ; x—1 (4
111 -6 11 -6
! 1 -5 6
1 -5 6 0

(x—l)(x2—5x+6)

(x-1)(x-3)(x-2)
X°+X°—16x-16 ; x+1 (5
11 1 -16 -16

! -1 0 16

1 0 -16 0

(x+1)(x2—16)

(x+1)(x+4)(x—4)

3x°+10x*—x-12 ; x-1 (6
13 10 -1 -12
! 3 13 12
3 13 12 0

(x—l)(Bx2 +13x +12)




(x—1)(3x* +9x+4x+12)

(x—l)[(3x2+9x)+(4x+12)]
(x—l)[3x(x+3)+4(x+3)]
(x—1)(3x+4)(x+3)

2x%® —5x*—28x+15 ; x+3
32 -5 -28 15
I -6 33 -15

2 -11 5 0
(x+3)(2x2—11x+5)

(x+3)(2x* ~10x—x+5)

(x+3)[(2x ~10%)—(x~ 5)]
(x-5)]

(x+3)[ 2x(x=5)—(x~-

(x+3)(2x—-1)(x-5)

S A e Nanin U e Bl SIS (=5), (2) 2 4]

f(x)=x*+2x*-3x+1 (8
1 2 -3 1
I 2 8 10
1 4 5 11
f(2)=11
5|1 2 -3 1
l -5 15 —60
1 -3 12 -59
f(-5)=-59




f(x)=x*-8x+6 (9
2|11 -8 6
Ji 2 -12
1 -6 -6
f(2)=-6
511 -8 6
! -5 65
1 -13 71
f(-5)=71
f(x)=3x"+x>-2x*+x+12 (10
203 1 -2 1 12

6 14 24 50
/7 12 25 62

f(2)=62

3
¥
3

5|3 1 -2 1 12
J —15 70 -340 1695

3 -14 68 -339 1707
f(-5)=1707

f(x)=2x>-8x*-2x+5 (11
2|2 -8 -2 5
!4 -8 -20
2 -4 -10 -15
f(2)=-15

5|2 -8 -2 5
I —10 90 -—440
2 —18 88 —435

f (—5) =—-435




f(x)=x’-5x+2 (12

2/1 0 -5 2

! 2 4 -2

1 2 -1 O
f(2)=0

5|1 0 -5 2
{ -5 25 -100

1 -5 20 -98
f(-5)=-98

(x)=x5+8x3+2x—15
0 8 0 2 -15
2 4 24 48 100
2 12 24 50 85
f(2)=85

51 0 8 0 2 -15
l -5 25 -165 825 —4135

1 -5 33 —165 827 -—4150

f (-5)=—-4150

2|

f
1
v
1

(x = x°—4x*+3x*-10
0 3 0 -10
4 0 0 6 12
0 0 3 6 2
f(2)=2

5/1 0 -4 0 3 0 -10
{ -5 25 —105 525 —2640 13200
1 -5 21 —105 528 —2640 13190

f (-5)=13190




25 —125 655
25 —131 647

f(-5)=647
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Loatla st de oo x Sus JUx) = 0000000365 — D000 —00l6xy=+ | 38y — 038

oS s

A0mi/E, 50mi/h, 60mifh oV ol oyl 13! 5 8 U6 Ll D%l sus aelu K

~

f (X) =0.00000056 x* —0.000018 x* —0.016 x* +1.38x —0.38

40| 0.00000056 —0.000018 —0.016 1.38 —-0.38
\! 0.0000224 0.000176 —-0.63296 29.8816

0.00000056 ~ 0.0000044 —0.015824 0.74704  29.5016
f (40)=29.5
50/ 0.00000056 —0.000018 -0.016  1.38 —0.38
4 0.000028  0.0005 -0.775 30.25
0.00000056 ~ 0.00001  —0.0155  0.605 29.87
f (50)=29.87
60/ 0.00000056 —0.000018 —0.016 138  -0.38
¥ 0.0000336  0.000936 —0.90384  28.5696
0.00000056 ~ 0.0000156 —0.015064  0.47616 28.1896
f (60)=28.19




ST L PSP PP e T P PP PR e g e 5 2
X°—3x+2 ; x+2 (17

2|1 0-3 2
-2 4 -2
1 -2 1 0

(x+2)(x2 —2x+1)
(x+2)(x—1)2

x*+2x°—8x-16 ; x+2 (18

2|1 2 0 -8 —16
-2 0 0 16
1 00 -8 0

(x+2)(x3 —8)

(x+2)(x—2)(x2+2x+4)
x*—x*-10x—-8 ; x+2 (19

-2/1 -1 —-10 -8
l -2 6 8
1 -3 —4 0

(x+2)(x—4)(x +1)

x*—x*-5x-3; x-3 (20

31 -1 -5 -3
l 3 6 3
1 2 1 0

(x—3)(x2 +2x+1)
(x—3)(x+1)2




2x° +17x°+23x—-42 ; x-1 (21

12 17 23 — 42
I 2 19 4

2 19 42 O
(x—l)(2x2+19x+42)

(x—l)(2x2+12x+7x+42)
(x—l)[(Zx +12x 7x+42]

(x—1)[ 2x( x+6 +7(x+6)]
(x 1)(2x+7)(x+6)

2x° +7x* -53x—-28; x—-4 (22
42 7 -53 -28
! 8 60 28
2 15 7 0

(x—4)(2x* +15x +7)
(x—4)(2x2 + x+14x+7)
(x—4)(x+7)(2x+1)

x*+2x°+2x*-2x-3 ; x-1 (23
1 2 2 -2 -3
1 3 5 3
1 3 5 3 0

(x—l)(x3 +3X°+5x+ 3)
Al ) ety el
x® +3x°5x +3
(71) 3 i) jsme gty il gl

¢ X=-1c&an

3 gaall 558 Jal g QAJALG(X+1) X




(x—=1)(x+

X} 4+2xP=Xx—-2 ; X+2
R R
L -2 0o 2

1 0 -1 0

(x+2)(x2 —1)

(x+2)(x+1)(x~1)

6x° —25x°+2Xx+8 ; 2x+1 (25
(2X+l)—2 dAw‘ i "i.
1

(2x+1)+2=x+§

1
AG 25 2 8

! -3 14 -8
6 —28 16 0
(2x+1)(6x* —28x +16)

(2x+1)| 2(3x* ~14x+8)|
(2x+1)| 2(3x* ~12x - 2x + 8)
(2x + 1)[2(3x(x —4)-2(X —4)):

(2x+1)| 2((3x-2)(x -4))

2(2x+1)(3x—-2)(x—4)




16x> —32x* —81x+162 ; 2x—-3 (26

(2X=3)+2 Loy dacsy
Loy 3
(2x-3)+2=x >

%16 -32 0 0 -81 162
!\ 24 —12 —18 -27 -162
16 -8 -12 —18 -108 O
(2x-3)(16x* —8x° —12x* —18x — 108

(2x-3)| 2(8x" ~4x° ~6X* ~9x ~54)

8x* —4x® —6x°*—-9x —54
X =2 Gajdy

2|8 -4 -6 -9 -54
!l 16 24 36 54
8 12 18 27 0

35l 5,88 Jul e e Jate (X 2) o
(2x—-3)(x—2)(8x° +12x* + 18x + 27

(2x-38)(x~-2)| 2x(4x*+9)+3(4x*+9) |
(2x-3)(x~-2)| (2x+3)(4x*+9) |
)

(2x-3)(x—2)(2x+3)(4x* +9

f(x)=-0.04t"+0.8t° +0.5t° -t (a

1 -004 08 05 -1 0
{ -0.04 076 1.26 0.26
—0.04 0.76 1.26 0.26

f(1)=0.26 ft/s




2/ -004 08 05 -1 0
J -0.08 144 3.88 5.76

—0.04 0.72 1.94 2.83 5.76
f (2)=5.76 ft/s

3-004 08 05 -1 0O
J -012 204 7.62 19.86
—0.04 068 254 6.62 19.86

f (3)=19.86 ft/s

6/ -004 08 05 -1 0
l  —024 336 23.16 132.96
~0.04 056 3.86 22.16 132.96

A0 A gally e Laric 132.96 TUS Gy puay 35030 o (iny 120
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Wl Jul e (X+2) @(x-3) .y

2|1 -2 -1 2 -24
J -2 8 -14 24
1 -4 7 —-12 0

X3 —4x*+7x-12

31 -4 7 -12
 3-3 12
1 -1 4 0

X?—Xx+4 ..

(x+2)(x—3)(x2—x+4)

ANl Jal g

|

k)
1(x) = 203 — 47x% + Bx + 12

ZQQUM‘JJM@QJQ,\J\M\
A Ja g aaf (X—2)

2120 -47 8 12

I 40 -14 -12

20 -7 -6 0
20x*—7x—6




(4x—3)(5x+2)
(x=2)(4x=3)(5%X+2) qyu Jaige
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13 5 s j‘g'ﬂ,.h'e';i.ﬁ_h;lgilfum sk ;-:-i#r.i"
(xz—x+k)+(x—1) (31
11 -1 k
J 10
1 0 k+0
k+0=3
k=3

(x2+kx—17)+(x—2)

2]1 k  -17
I 2 K+2
1 k+2 k-15

k-15=3

k—-15+15=3+15

k=18
(X*+5x+7)+(x—k)

k1 5 7
V' k  k(k+5)

1 k+5 k(k+5)+7
qu+5)+7:3
k?+5k+7-3=0
k*+5k+4=0
(k+4Xk+1):O
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y=1
X*—4=-1
x?=3

X =+4/3




F(X) g gae x—c (@
F(X) daw gute gut x—c (D
f(x)=x-c (c

(38

1 —:-",_;._.. PP ‘_.;."n.,_n.-?"__;fu'm.‘l.' .'1‘_#.{-_1_;.'_.._..._'_,!4._;_;.\-.. a5 il 25l
- -T‘\;-'}'----:
f(x)=—x"+x*+x+10
(39

€ = b . - by ! Brs - fea I
Bl d. ' & [ b y
b il " i W i) u._' "",‘:" whilly |2 Cﬂ..!':

e aaty adll) Jgan g Al Ayl Jlaniualy 2 gaal) 8 8S jiaa a8 e daad (Say
L Aia (g g AL ) Aal) dagd ¢ o<

&y el ¢ i ¢ -1 (Bl (ohan f(7)c2él-.d\gha¢ F(6) s« St
X=7 4 X=06

(40
7% | '."".'.;L.A..J V»L\-' Pl e ,:-
(3r + v)Ix 4+ v)3x + V)
(31 4 y (‘-'\‘ - 3ry 4 'U'.‘I
(3y — u)9x* + 3xv 4 L":‘f
(3x — u)Yx* + Yxv +';/"f

27xX° +y
(3x+ y)(9x2 —3Xy + y2)

(B) ol sy




(41

(4 =1i) 3 o sl i pr Lol L

17 € 5 A
178 D 16—i B

(4+i)(4-i)=16-i2=16+1=17
(C)M\Jt.gsg\

e il

Lok Les dlabas |€ |
- - -

X' 4x2-21=0 (42
X=U gl Gads
x* =u’

u’—4u-21=0
(u-7)(u+3)=0

u=-3

x* =-3
X = +/-3
x:ii\/§

x*—6x*=27 (43
X=U gl
X* =u’

u’ —6u=27
u’—6u—27=0
(U-9)(u+3)=0




Ax* —8x°-96=0 (44
XT=U o e
x* = u?
4U° -8u—-96=0

4(u?—2u—24):0

u’—-2u—-24=0
(u—6)(u+4)=0

x=;hf_

,:__'IT, ___'.'? | _-__..-|..||:'I_'ll N o “.x"—-r -

y=3x-1 (45
y=-2X+4
ALl ) Sl
y=-2x+4 , y=3x-1

(1) 2) by 4 g
@’2)\ﬂQyWMJA




y=3x+2y (46
-4x+6y=11
CIall ) Sty
—4x+6y=11 ,y=3x+2y

(1, 25) : adalisl) A clflan)
(1.25) g o

.\_,_.f'.., Las ‘__ni'i...._.i A= glo o) = 2 =2x,dx)=3xI=6x +45 5]

c(a+2)-d(a—4) (47
c(a+2):(a+2)2—2(a+2)
c(a+2)=a’+4a+4-2a-4

c(a+2)=a’+2a

d(a-4)=3(a-4) -6(a-4)+4
d(a—4)=3(a2—8a+16)—6(a—4)+4
d(a—4)=3a°-24a+48—-6a+24+4
d(a—4)=3a’—-30a+76
c(a+2)-d(a-4)=a°+2a-3a°+30a—76
c(a+2)-d(a—-4)=-2a"+32a—-76

c(a—3)+d(a+1) (48
c(a—S):(a—3)2—2(a—3)
c(a-3)=(a*-6a+9)-2(a-3)
c(a-3)=a’-6a+9-2a+6
c(a—3)=a’-8a+15




d(a+1)=3(a+1) -6(a+1)+4
d(a+1):3(a2+2a+1)—6(a+1)+4
d(a+1)=3a"+6a+3—-6a—6+4
d(a+1)=3a’+1
c(a-3)+d(a+1)=a*-8a+15+3a°+1
c(a—3)+d(a+1)=4a°—8a+16

c(-3a)+d(a+4) (49
c(—-3a)=(-3a ) —2(-3a)
c(-3a)=9a" +6a
d(a+4):3(a+4) —6(a+4)+4
d(a+4)=3(a’+8a+16)—6a—24+4
d(a+4)=3a’+24a+48—-6a—24+4
d(a+4)=3a’+18a+28
c(-3a)+d(a+4)=9a°+6a+3a°+18a+28
c(-3a)+d(a+4)=12a"+24a+28

3d(3a)-2c(-a) (50
3d(3a)=3| 3(3a)’ ~6(3a) +4]
3d(3a) =3 27a" ~18a+4|
3d(3a)=81a’-54a+12
2c(-a)=2| (-a)’ - 2(-a)]
2c(—a)=2a’+4a
3d(3a)-2c(-a)=8la’ —54a+12—(2a’ +4a)
3d(3a)-2c(—-a)=8la°—54a+12—-2a° —4a
3d(3a)-2c(—a)=79a’ —58a+12




c(a)+5d(2a) (51
c(a)=(a)’ —2( )
c(a)=a°-2a
5 (2a) = 5| 3(2a)° ~6(2a)+4]
5d(2a)=5| 12a* ~12a+4 |
5d (2a) = 60aZ —60a + 20
c(a)+5d(2a)=a’—2a+60a°—60a+ 20
c(a)+5d(2a)=61a’—62a+20

~2d(2a+3)- 4c(a +1

2+1 4
a2+1) [(a +1)(
4c(a +1) 4(a4—
4c(a2+1):4a4—4
-2d(2a+3)=-2| 3(2a+3)’ ~6(2a+3)+4]

a+1 a+1

d
1 4[a +1 —2a+1)

~2d(2a+3)=-2| 3(4a’ +12a-+9)-12a-18+4 |
—-2d(2a+3)=-2|12a’ + 24a +13|
~2d(2a+3)=-24a’ —48a - 26
—2d(2a+3)—4c(a’+1)=—24a’ -48a—26—4a‘ +4
—2d(2a+3)—4c(a’+1)=—4a* - 24a’ —48a 22
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Roots and Zeros

2

X" =-2
2

X = +i2

GLLAT () jda g caalg (Aba i dlalaall

X = 12j

GRLAT a5 ¢ Ghla ¢ jha Adalaall

3x°—x*+9x-3=0 (1C
3x(x2+3)—(x2+3):




Ol o sda g caaly Ada jda Adalaall
(2
LAl Ly AL Aaasdly die pudl Rl Jlawst Sl saadl S5

) =2x 4+ x4+ 33 —dx2 —x + 9
h(x)=2x"+x*+3x" -4x* = x+9
h(x)=2x"+x*+3x"-4x* - x+9

A dA A \drich
042: h(X ANl cDlalea B L) 8t ) g M3
h(=x) =2(=x) +(=x)" +3(=x)" =4(=x) = (-x)+9
e TlerT W T \er Tt
143 h( )() 2431 cMlalaa B LE) it il e das
) ase pogana Adad) B s Al il s A gall il s

2+3+0=5
2+1+2=5

0+3+2=5
0+1+4=5
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LA)IM: ”"4 L_,.‘ _l,] ™ &1

P(x) (x+1)[(x—1)+2i][(x—1)—2i;
=(x+1)| (x-1)"+4
:(x+1[x2—2x+1+4:
:(x+4)[x?—2x+5:

= x®—2X? +5Xx+ Xx*=2Xx+5
= x*—x?*+3x+5




gl ply o adem aie 85150 gL L ol 8

x*-3x-10=0 (1
(x=5)(x+2)=0
(x=5)=0 (x+2)=0
5

X X=-2
Ol,ﬁgﬁa Qb&; dalaall

X3 +12x%+32x=0

x(x2+12x+32):0

x(x+4)(x+8)=0
X=0 @x=-4 @x=-8
%le@ﬁﬁadw

16x“-81=0
(4x%-9)(4x*+9)
(2x-3)(2x+3)(4x? +9)
(2x+3)=0

Xx=-3

2




0=x"-8 (4
0=(X—2)(X2+2X+4)

“ —b++/b*—4ac
2+ [4—
s fa a1
2(1)

_ 24412
2

X_—ziZiﬁ
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x=—1ii\/§

X=-—1—i/3 § X=-1+i3 g x=2
GLLAT () jda g caalg (Aba i dlalaall
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f(x)=x"-2x*+2x-6 (5
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et et \ e
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f(x)=6x"+4x’-x*-5x-7 (6
\dAM oA\ \dN

1 f(x)M\M\am.amstgﬁumfam
6(—x)4+4(—x)3—(—x)2—5(—x)—7
+ et - WM \erker
143 f(_x) 24010 O Lalaa B L&) 3t <l e A3
S ase £ gana LA il aae ALl Jhall s A sall Jlhial) dxs

0+3+1=4
2+1+1=4

f(x)=3x"-8x"+2x-4 (7
\e/ et \ et

19 3 f(x)hmmmws,wgﬁuaum

3(—x)5—8(—x)3+2(—x)—4
er \er S

042 f(_x) A1) i alaa B L&) 43S <l e dae
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2+3+0=5
2+1+2=5
0+3+2=5
0+1+4=5




f(x)=-2x"-3x>-2x-5 (8
\d! \d» \d»

0: f ()() ANl Calaca B L) 3t <l ya dae

f(—x)= —2(—x)4 —3(—x)3 -2(-x)-5
Ter @ e

042 f(_x) 24010 i Lalaa B L&) 43S <l e A3

i) s £ gana LA il aae Al il axs A sall Jliial) das
0+2+2=4 0
44+0+0=4 0
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