Parkal Fraction

Le¥'s go back Yo algebra for a moment. How do you combine frackions
with diffevent denominatovs?

y 1
X-3 X2

Ylxr2) _ L(x-3)
(x=3)x#2)  (x+2)x-3)

Yx+B  _ x-3
0-3Ux#2)  (x¥2)(x-3)

Yy rB - X &3
(x-3)x+2)

3xt
x-3)x+2)

Like many in integral sections, we ask how can we go backwards’

3x+ll A _B_
ie. (o) = &) ¥ (x5 | wheve A ond B are expressions inat moy contain x.

Yarkol Fraction Decomposition

The easiest woy Yo learn this method is to see it done.

1. 5x-4
Xex-2
5x-4 - 5x-4
X=x%-2  (x-2)x+1)
a4 - A

= _RA , B
=DUx41)  (x-2)  (x+1)

_5x-4  _ Alx#) B(x-2)
x-2)0xr)) ~ (x=2){x#)) * [x=2){x+1)

5x-4 = Alx+) + BLx-2)



mehnod 1 voots

Plug in vooks Yo | fecieve 0 |feyms

Xx=-1% 5L-D-4= Al-in) ¥ BL-1-2)
-4= A0 ¥ B--3
3=9

Xx=2: S(2-4=Alzn) ¥+ B(2-2)
b= 3A +O0B
2:=A

Sx-4y _ 2 + 3
Xex-2  %=2 X+l

\Warning; this method only works
when/\au have o repeated foctors

2. X+I5
xa3Y (2 43)

A
(x¥3Y Was on| expornent of 2 so it splifs inke two ?av\—'\%\* *F‘;ac\-ion xv3)

method 2 \inear alggbvo

multiple out
5x-4=AxYA ¥ Bx -29®

separate e powers
6% = Ax + By
e I AL

solve| system| off lineor lequakions
B=AB =2 A:=5-B = A=56"3
4z p-2B -H=(6-B)»2B A=2Z
solve tor A “4=5-3p

inegland  -4=-3B

pugintoeg?2 | 3=B

Sx-y _ 2 + 3
X=¥-2  %X-2 Xt

H B
¢ xe3)®

(%] is d quadvolic se it | needs |a [partial Brackion | xFra)

X5 _ A, _B . CxtD
333y X¢3  (x43y  (XF43)

XHS = A Lx3)50H3) + BUXE3) + (ex D) (x#3)

method 1: voots
Yheve lis & yoot at Ix=+3

30 H1S = AL-3%3) (1-25%%2) F B30 43) + (CxtD) (-3+3)°

Ar¥\Sz0r 12B +¥O
24y=- 2 B
2=

the. vook wethod |will not wark | as we con't ge¥ down | Yo jush one [of| A,BLC



mebnhod 2: lineavr algebra

XEES= AL+3x +3x° +q) + B(xZ43) + CxUx*tlxta) ¥ D x?*+lxta)
x5 = Ax>t 3Ax ¥ 3AxEF A ¥ Bx2F3R + ¢x +0Cx2 +4Cx + DX%+LDx +4D
EHSz Ax® rex® ¥ 2Ax3+ By FLCx® FDx% ¥3AX F4CX FLDx +4A + 3B +aAD

YEHS = A3+ Cx> F3AX ¥+ 2x% FLCx? FOX? ¥3AX FACx FLDYX FAA Y b +AD

X3 0% A3y Cx3

xt: Wtz 3AxT 2% +bCx? + Ox?
X Ox= dAx+acxtbDy
constonts:  1S5=AA ¥ L¥4D

Ot AtC

-\= 3A FLC+D
0= 3A YAC YLD
1=A +D

0= ArcC
-2=2A +LC
O0=3A+4CtLD

\=AL+D

C= -‘,2
A=z
D='lz

s o Mz 2 rixg

= +
(xt 32 (%% 3) X3 3 43

Key Partial Frackion Rules

“This method only works for proper frackions, ie. the denomivator is lavger:
-To make on improper fraction proper, we use polynomial long division.
-The denominator is mode of linear factors and irveducible quadrahcs.



The partial Faction of an irveducible quadrotic uses Ax¥B in e numevator.
-If the factor has an exponent then you need mulkiple parkal frackion, one for
each exponent.

Key Denominaters and their Parhal fractions

Factor in _denominator Partial frackon in decomposition
oxX¥o L
axto
lax&b\" A‘ " A'l Foeeo & An
ax+o laxto) taxtro)"
axtFox +C Axv®
ox*toxtc
3 e
Llox? oy e Ak B ' A B‘l.z Fowek AnXtBn
axt+ox ¥C (ox? Fov ¥C) loxt+ox ¥
Exomples:

Crive the porkial fraction decomposition for the following, do not solve for
the coetricients:

1 oxer . A B, ¢
e xpuY | X (x+d) * (e}
2. XXkl - ®iH i Zrx ) A

RN =D T S D OEH) (D (x) o (x-1 (D (x+)

_ A B8 , C D E Fx+G H
Tttt t (x-1y* W\ * X4\
3. 100x*x*#5000 . 100x* + * + 5000 - 100%* + *+ 5000

LR SR oY) (ErdY (O (F 5 M - YT |~ (@R ) 3 xr D (280 (2= %) (W)

_ I00x*+x+5000  _ AxtB , Cx#D , E . F . & H I, Tk
" CHTY e - HRE) . EF rE et

(x‘m)“ 3 x* x¥2 (x+2)? ¥ 2-% + (e1x®)



Dividing Yolynomials
Proper Rational Functions

DefiniYions:

A rotional function is a function of ¥he form -&“& where both px) and qixy
. 2 WwaS XL 3-|
ave polynomials, e.9. 3, 7er, 3%z , BT, ete.

A rational function is colled proper i Hhe é@ree of the top is smaller than
¥re degree of the bottom, eg. ¥4, 3T , entes

Exomples: T dentify if the following rational functions are proper:
2= -
L 7(’!_‘1 deg|1)=042 = deax’4) S.ﬁdegu’-shzfzdeg(x‘-q)s. OCFAY degu1)=344 = g (124Y' )
XL =
2. 1% deglx-1)=142=des(x-u) ’-l-'g-_li deafx*-1)=3£ 2 = deg(x™4)

proper: 1,2,5

Long Division

Similar Yo how we can use long division o +un an improper fraction (like %)
inYo a proper fraction (4+#), we con use long division on polynomials .

Examples:

1.Divide 5¢-xtb by x-4

5+ 1Ay +Fo
X-4 I5%3-x* +b we| have lone x| i (x-4Y we need 5x’ so we subtract 5F(x-4)
-(5x*-20x")
O +[9xF+l |we havelone X we need [14x® 50 we| subtract [14x(x+4)
- (x*-Zbox)
O#Fbxtl| |we have one x we need| Fbx so we subtvact | Folx+u)
- ('Flox-304)

O +310 | |we have one X we| need 310 |which is impossible
s0 3\0| is our | remainder

§x’ﬁ:ﬁ(& _ By P+ %ok
*-



