Summary of key points

1 If a and 3 are roots of the equation ax? + bx + ¢ = 0, then:

b .
c a+f= —a If the roots of a quadratic equation
e with real coefficients are complex, then they
* afi=4 occur as a conjugate pair.

2 If a, 3 and « are roots of the equation ax® + bx? + ¢x + d = 0, then:

b e
c at+f+y=Xa= —a If a cubic equation with real

e afB+pBy+vya=3afB= (4 cc_}efﬁuents has two comple_x roots, then they
a will occur as a conjugate pair.

d
L] a'B’}{:_E

3 If o, 3, and ¢ are roots of the equation ax* + bx? + ¢x? + dx + ¢ = 0, then:

b
*atf+y+o=Xa=-, w You can use the following

e af+ay+ad+ v+ 36+ =Xap =§ abbreviations for these results in your working:
d Yozl Sqd=E Safy=_4
* afy+afd+ayi+ fyd=2afy=— L= af=2 afy=-4
e
. aﬁf}ﬁ = =
4 The rules fi i Is:
e rules for reclprocla 51 i m e e
* Quadratic: = E = op you can use them without
proof in your exam.
* Cubic: l+l+l=a6+ﬁ7+7a
' S afy
* Quartic: LIS el . 1= Sl O O
DS aB3yo
5 The rules for products of powers:
+ Quadratic: B o =l
+ Cubic: a” x 3" x 4" = (afy)"

e Quarticc a"x 3" x " x §" = ()"

6 The rules for sums of squares:

» Quadratic: al+ B32=(a+P)2-2a8
» Cubic a’+ f2+y2=(a+ B+ -2(af+ By +7a)
o Quarticc a?+ 32+ + 8 =(a+B+7+0)°=2(B +ay + ad + By + 36 +~0)
T The rules for sums of cubes: @ The result for the sum of cubes
e Quadratic a3+ =(a+0?-3afla+f) for a quartic equation is not required.

o Cubicc a?+B+y3=(a+pB+9 3+ 8+ b+ By+va)+3aby

The quartic equation x* — 3x% + 15x + 1 = 0 has roots e, /4, v and 4. Find the equation with roots
(2a+ 1,20+ D), (2% + Dyand (26 + 1).

Method 1

a+fB+y+8=3

af+ay+ald+ v+ 00 +v0=0

afy + afd + avd + Fyd = =15

afyd=1

Sum of roots:

(2a+ 1)+ 20+ 1)+ 29+ 1)+ (26+ 1)

=2@+3+y+d)+ 4

=10

Pair sum:

Aad+av+ad+ F+ 05 +0) + Ela+F+v+H+ 6

=4x0+6x3+6=24

Triple sum:

BloFy + a8 + a~d + 3v8) + Blad + ay + ad + By + 35 + ~48) —
+Ela+G+v+d8)+ 4 =-95

Product:

16y + Blady + afd + avd + 3v0) + 4o + oy

+ad+ Gy + S8+ 90 + 2la+ F+y+0)+ 1
==-97
Hence the new equation is

Wi — 10w + 24w2 + 98w - 97 =0

Method 2 ‘
e . e W=1 "

let w=2x + 1 hence x = > Problem-solvmg

e e (w1 (w — 1\ (1w — 1) i In many cases, it is quicker to

Jub_.mtut.mz:g_ [ > : - 3'. 5 ] + 15E 2 :l +1=0 Y q

use a substitution.

(w1 = Gw=12°+120w-1)+16=0
WA+ Gl —dw+ 1 = GW3 = 3w + 3w=1) L1

+ 120w =120 +16=0
wt = 10w + 24w + 98w -97 =0 ___|




