One of the roots of the cubic equation

X+ kx—-80=0,
where k is real,is — 2 + 4i. Find the other two roots and the value of k. (5 marks)
Q Solution Marks | Total Comments

1| —2-4iisaroot Bl
Sum of roots = 0 M1 OE. Ya=k Xof =80 MO
—2+4i-2-4i+j=0
j=4 INYA
£(4)=4° + 4k -80=0 Mi
k=4 ALV 5 k must be real

Alternative
(x—(-2+4i))fx—(—2—-4i))=x*+4x+20| (Bl

either multiply or divide subsequently (M1)
y=4 k=4 AIAI)
Substitution of —2+4 i into equation unless (MO)
complete and correct

Total 5

The cubic equation

X4+ 2pxt —8 =0, where p is real,
has roots o, ff and o + f.
(a) Show that:

(i) a+pf=-p; (2 marks)
(1) of = —§. (2 marks)
P

(b) Show that p = 2. (5 marks)



Q Solution Marks Total Comments
1@G) | a+B+(a+p)=-2p M1 Must show some evidence of how the
result is arrived at
o+ f=-p Al 2
(ii) | Product of roots ¢ By = Blac+ B)=8 M1
oaf -8 __ 8 Al 2 Must show some evidence of how the
-P P result is arrived at
b) | af+ +tya=ap+ plo+
) | af+By+ya=ap+pla+p) MIAT
+afa+f)=0
O=apf+(a+ ﬁ)2 ALF could be a mixture of &, fand p
8
eg ———pa—pp
P
8§ _ 2 ..
- ; =—(-p) M1 for an equation in p only
p=2 Al 5 AG
Total 9




The roots of the cubic equation
x3—6x2+4px—p2=0

are f—k, fand 8 + k.

(a) Show that

(1) B=2, (2 marks)
(i) k*=4@G-p), (3 marks)
(i) k*=4-1p° (2 marks)

(b) Hence find

(i) the value of p, (3 marks)
(i) the two non-real roots of the cubic equation giving your answers in the form a + ib,
where a and b are real. (3 marks)
Q Solution Marks Total Comments
6 @)) | B—k+B+B+k=—(-6), B=2 MIAL 2 | AG
(ii) 2(2+k)+2(2—k)+(2+k)(2—k)=4p MIAL Allow M1 if there is a sign error
K =4(3-p) Al 3 |AG
(i) | (2-k)2(2+k)=p’ Mi
k:=4— % P Al 2 AG
(b)(i) | Elimination of £, or substitution of 2 into
cubic M1
p: - Sp +16=0 Al
(p—4) =0, p=4 AIF 3
(ii) | k==2i MI1Al allow B1 for single answer 2+ 2i
Roots 2+ 2i AlF 3 fit. if k is complex

Total 13




(@) (@)
(ii)
(b) (@)
(ii)

Express (1 —1)(3 — 1) in the form a + ib, where a and b are real. (2 marks)

Show that

(1-i)® = 2-2i

Show that 1 -1 is a root of the cubic equation

P +i2-(3-1)z+2(1-1)=0.

(2 marks)

(3 marks)

Given that the other two roots of the cubic equation are a and (3, show that

a+p=-1

and find af.

(c) Hence solve the cubic equation completely.

(3 marks)

(3 marks)

2 (a)(@)

(i)

(b)()

(i)

(©)

(1-i)(3-i)=2—4i

(1-i)’ =(1-3i+3i -i*) =2 -2i

(1-i)* +i(1-i)’ - (3-i)(1-i)+2-2i

= ( shown

a+f+1-i=-i o+ f=-1
ofp(1-i)=-2(1-1)
off =-2

Equation for o, B is z° +z-2=0
Rootsare (1-i), 1, -2

MI

Al

MI
Al

MIA1Y
Al

Bl

Ml
Al

MIA1Y
Al

for attempt to multiply or use
-2
1"=-1

for any complete method

CAO

allow if sign error

Total

13




