Factorising Complex
EXpressions

If a polynomial’s coefficients are all real then the roots will appear
In complex conjugate pairs.

Every polynomial of degree n can be;

» factorised as a mixture of quadratic and linear factors over the
real field

» factorised to n linear factors over the complex field
NOTE: odd ordered polynomials must have a real root

e.. (I)x*+2x+2 =(x+1f +1
=(X+1+i)x+1-i)




(ii)z*+2°-12=0
(22-3)z2+4)=0
(z++3)z-/3)z2+4)=0 (factorised over Real numbers)
(z++/3)z—~/3)z+2i)z-2i)=0 (factorised over Complex numbers)
z=1+3 or z=%2i
(iii ) Factorise 2x° —3x° +8X +5
as It Is a cubic it must have a real factor

SETRTESE

. 2x3 —3x% +8x+5 = (2x+1)(x* =2x+5)
= (2x +1)|(x—1)" + 4]
(2x+1)(x —1—2i }(x -1+ 2i)




(iv)z°+z* +2°+2° +z+1=0

Now z° —1=(z-1)2° +2* +2® + 22 + 2 +1)
And z° —1 =0 has solutions:

7 = cis[%} k=0+1+23

22 +7°+72°+7°+1=0

(z-2)2°+2* + 2 + 22 +1)
(z-1)

2°-1=0,z 21

=0
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(v)1996 HSC
Letw = cosz—”+ isinz—ﬂ
9 9

a) Show that »" is a solution of z° —1=0, where k is an integer
2’ =1
7= cis{zgk} k=01234,5,6,7,8

Z=<CIS—
9

7 ="

b) Provethat o+ 0° + @’ + 0" + @’ + 0° + 0" + @0° = -1
2°-1=0
v+’ +o’ o'+’ v’ +o" +0® =0 (sumof roots)

O+ ++t+o’+°+o" +0° =-1




c) Hence show that coszcosz—ﬂcos% = %
. .o . (A+B A-B (2 sine half sum
sin A+smB_25|n( ; jcos( > ) cos half diff)

A B2 A+B A-B (2 cos half sum
cos A+cosB =2cos , COS R cos half diff)
c0s A — cos B — —Zsin(AJr Bjsin(A_ Bj (minus 2 sine half sum

2 2 sine half diff)

o+’ +0°+0' +0’ +0’ +o' +0° =-1
roots appear in conjugate pairs

Zcos%z+ Zcos%z+ Zcos%z+ 2c038—ﬂ =-1

27T Ar o 87 1
COS— +C0S—+CO0S—+CO0S— = ——
9 9 9 2

KV T Vs T 1
2C0S—C0S—+2C0S—C0S— = ——

0 9] 0 9] ?



3T T V&5 T
2C0S—CO0S— + Zcos?cosg = —

T 3z 14 1
COS—| COS— +CO0S— |=——
9 9 4

T S5r 27T 1
COS—| 2C0S—COS— |=——
9 9 9 4

T 27T T
COS—COS——COS— = ——
0 8

But 0055—” = —cos4—”
9 9

A 1

T 27T
—COS—COS——COS— =
9 9 8

Adr 1

T 27T
COS—COS——COS——=
0 0 9 8




OR
2° -1

:(z—l)(z—a))(z—a)8)(z—a)z)(z—a)7)(z—a)3)(z—a)6)(z—a)4)(z—a)5)

=(z —1)(22 —2c032—7[z +1j(22 —20054—”2 +1j
9 9
(22 —2c036—ﬂz +1j(22 —2cos8—7zz +1]
9 9
=(z —1)(22 —Zcos%{z +1j(22 —Zcos%zz +1j

(22 + z+1)(z2 —2c038§z+1j

Letz =1

i —1=(i —1)(—2(:052?7[@(—20054?7[ij(i)(—Zcos%zij



i9—1:(i—1)(—20052§ij( Zcos%lj( )( Zcos%lj
i—1=—i4(i—1)(2c052§j(20034§j(20058§j

27T 47 81
—1= SCos—cos—cos—
0 9 0

27T A7 T
—1=8c0Ss—Cc0S—| —C0S—
9 9 9

27T A7 1

cos COS—COS— = —

9 9 9 8

Exercise 4J; 1 to 4, 7ac
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