







































































Math 1020 Week 3

Polynomials fcxj anxn an.ir t 1ao gaiXi Kanto thendegf n

n n n

roof

deff _O degf 1 deff 2 degf 3
constant linear quadratic cubic

Def XEIR is called a real root Fact A non zero polynomialofdegreen
of fix ifffxj O has at most n real roots










































































degf l linear degf 2 quadratic

fix _mxtC mto fix ax4bXtc a 10

n D discriminant b 4ac
y mxtc

far O b Itb 4ac

2amslope so 4 0 A O
c y intercept noreaeroot adoubleroot twordoistins't

a o U U U
positive slope negative slope as 0

f f A










































































Rmk If 00 fix is irreducible eg Find maximin of fKS X't4 7
i e fix cannot befactorized into a Sol fix X't 4 7
product of polynomialsof lowerdegree x 4 1 7

1 2 4 4 13

eg fix I
X't 3 2 5,546 1 25 3
Xt 1 H2

x 25 3 E 3

glx X 3 4
4 5 4111141 Max value 3 at z

7 0 no minvalue

f X a x p forany x PER

no










































































Factorization of Polynomials eg Factorize fix 2 44 2 6

RemainderTheorem Sol Try to find a root first
let fCk be a polynomial CEIR f o 6 fu 4 f 2 6
Whenfar is dividedbyX C fl 11 0 X CD Xfl is a factor
the remainder is fCc Bylongdivision

2x 3 2 2 16 6
es X 12 2 4 X l fix X 11 2 3 14 2 10 6

2 2 148 2 3 2 2

3X I 6 403 6 6 2 16
5 11 2

6 6Specialcase fCc O 6 6
FactorTheorem
For CEIRanda polynomial furs fix 1 l 6 Answer

X c is a D 12 0
factorof fix

fcc O
irreducible










































































Ef Factorize gars X E 8 112 Fact Every polynomial of deg21 can be
Sol gas O x 2 is a factor factorized as a product of linear desk
Bylongdivision 0 2570 reducible and irreduciblequadratic deg2 polynomials

girl K 2 l x't X 6
x 2 Cx 13 ex 2 eg x I Ht 1 1 2 1

X't l Xt X l
x 251 13 in

irreducible
i z is a root of multiplicity 2 On Can we factorize X't I
3 is a root of multiplicity 1 A yes Bythe fact above

eg hix 174 514 4 1000
Indeed

Note x4x 11000 is irreducible 4 1 1 2 152 1 X EXT l
i hix has two real roots x x

How to do it irreducible
1 withmultiplicity 2
5 with multiplicity 6 Easier if youknow complex numbers



















































































































































Observations
4 Transformation

Thegraphs g fix and g 2by3
I 5tines

are veryclosewhen as or as

p by z
Wecall g 2 a horizontalasymptote

Thegraph g fix as or as
Then remove
hole at x 1 When X 73 fromeach side

I

µ Wecall x 3 a vertical asymptote

y fcxg 2 4 1
I X 2 3 fix is not defined at I

I
y
t y 2 For near 1 but F I

0
I fix Zt

z 22T E3tee
there is a hole at l 174f 174 1
































































Horizontal Asymptotes Howabout rationalfunctions

In general for a function fix eg
If fifth L or Ifsfix L him 2 7 2 7

then y L is a horizontalasymptote
ox4xt5

Limos I
0
0
0

es fix _arctanx
Similarly files 15 0

veryclose y O is the onlyhorizontal asymptote
y

y fK

ye Iz 2 7
y x4xt5

veryclose

fismasfix If ftp.bfcxk E y o
Twohorizontal asymptotes

y Iz and y Iz












































































Ef 2 317
2 21 7 z z 4 3 4 5

fifa Is To F sIoEo 3

2 2 17 3
Similarly faiths3 4 5 3

ratioofleadingcoefficients

i g 3 is theonlyhorizontalasymptote

y
2 2 7
3 4 5

Summary
y For a rationalfunction

PK Anxnt Tao n degp
GK bmxmt.i tbom de.gg9 find IIs Yd A

lfdegpcdegq.jo is a horizontal asymptote
finds IIs cs.tfdegp degq.gg is a horizontal asymptote

No horizontal asymptote
Hdegp deff no horizontal asymptote












































































Vertical Asymptotes and Holes

Let fix be defined near a butnot at a If fishafix L exists
If fimatfix or fimafix Ics f a L or is notdefined
then x a is a vertical asymptote then a L is a hole

eg fix lnx eg gars _tan x

11 4 7 A finegas as firing as
et Let hix s

Thenhurt is notdefinedat 0

finhas I

Vertical Asymptotes Vertical Asymptotes

X O X III 13 III hole at 10,1










































































Vertical Asymptotes and Holes of Rationalfunctions

For a rationalfunction fix P withq a o
Similarly hsfK Z

9 y z is a horizontalasymptote
If fignatfix or maf to

Next for E 1 0 X Itthen x a is a vertical asymptote
If fifth L exists then a L is a hole Df Rt It

Notethat if it 1
es Find horizontalverticalasymptotesand fix 2 2 x 1

2 I
holecs of y fix 2E X l

X 1 2X1 1 X l
Xt x 1

Sol finnafix find 2 1
Xt I

find s tI IF Limfix him 1 2 11 3
2Z O O X l t l l t l

l O
2 a hole at I z



Also fimpfix

him 2 1 2 11 7 I n
x i.tt x 11 x 11 Ot
as

µ
x I 4 2

him 2 1 2 1 7 1 I
x I X 11 x 11 70

as x I

i x l is a vertical asymptote


