Edexcel AS Further Maths Roots of polynomialso
Section 2: Complex roots of polynomials

Solutions to Exercise level 2

1. 3+ ilisavroot, so3-1lsalsoaroot.
Therefore a quadratic factor is (z -3-1) (z—-3+1) =(z—-3)* +1
=z*—-6ez+10
1+ 3lisaroot so1-3lisalso a root.
Therefore a quadvatic factor is (z -1 -31) (z -2 +30)=(z-1)*+ 9
=z>-2z+10
So the equation is (z* —ez +10) (z® —2z +10) =0

zt—2z*+32z% -0z +100 =0

2, Sinee 1+1 tsavoot, 1 —1 Ls also a voot.
The sum of the roots is 0 since the coeffictent of z2 Ls zevo
so1+i+1—-i+a=0

a=-2
So the three roots are 1 +1, 1 —1 and -2,

The product of the roots is —2(2+1) (1 -1) =~k
= k=2(1+1)
> k=4

3 zZz=—1+1
z2P=(1+1)*=1-20-1=-21
zP=—=2i(—1+i)=2i+2=2+21L
zt=(@+20) (1+l)=—2-2=—4
Substituting tnto z* —2z* —z* +2z +10:
—4—2(2+20)—(=20)+2(—1+1)+10
=—4-4-4i+20-2+20+10
=0
sp-1 + 1 is a root,
Stinee -1 + Lis aroot, -1 - L is also a voot
So a quadratic factoris (z+1-0)(z+1+1)=(z+1)* +1
=z*+2z+2
zt -2z -z +2z+10=(2"+2z+2) (z° -4z +5)
The other factors ave the roots of the quadratic equation z* —4z+5 =0
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Sotheotherrootsare L -1, 2 +land 2 -1,

1+ 2tis a root so 1 — 21 s another root
A quadratic factor s (z —1-20) (z-1+20) =(z-1)* +4

=z?-2z+5
zt—ez®+12z° -30z+25 =0

(z?—2z+5)(z°-4z+5)=0

—(—4)t\(—4)* —4x1x5
z?—4z+5=0 :>z:( ) \/( )

2x1
4t—4 4t2
=>z= = =2=i
2 2

Sothevootsare z=1x2land z=2+1,

Since p+4i is aroot, p—gi is also a root,
The sum of the roots is 0 since the coefficlent of z=2 is zevo
so ptgitp—gi+ta=o0
a=-2p
So the three roots are p+4l, p—gi and —2p ,

©) afy=-b
—2p(p+4i) (p-qi)=—b
2p(p +47) =0

() D af=a
—2p(p+4l)—2p(p—qi) +(p-ql) (p+4l) =4
—2p* —2p+p*+g* =4

—2p +gq° =a

(UiL) From (i), 4° =3p" +4a
Substituting tnto the result from (0):
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2p(p* +2p* +a)=0b
2p(4p* +a)=b
gp°+2ap-b=o0
so pis a root of the equation 2x* +24x —b =0
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