Mark schemes

Q1.
(@ Useof Ca)2=3Ya2+2yap
M1
AG
Al
(b) p=0,0=5+6i
B1,B1
(c) (i) Substitute 3iforz or use3ify=-r
allow for 3ify =r
M1
—-27i+15i-18+r=0o0r fy=5+6i + a2
any form
Al
r=18+ 12i
one error
AlF
(i)  Cubicis (z - 3i)(z2 + 3iz - 4 + 6i)
or use of By and S +y
clearly shown
M1A1l
(i)  f(-2) = 0 or equate imaginary parts
M1
p=-2,y=2-3i
correct answers no working and no check B1 only
Al A1F

Q2.
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(@)

(b)

(€)

() a+p+y=0

Bl
(i) afy=-q
Bl
o+ pa+(q=0
M1
Zot+pla+30=0
ml
¢ + [* + 9% = 3oy
AG
Al
Alternative:
Use of (Eoc)3 = (Z.oc3) +6afy + S(Ea zaﬁ - 3apy)
(M1)
Substitution of 2= & =0
(m1)
Result
(A1)
iy p=4-7i,y=-8
B1,B1
(i)  Attempt at either p or g
M1
p=1
AlF
g =520
ft incorrect roots provided p and q are real
AlF
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1
(d) Replace Z by z in cubic equation
sl 25l o L _1
or—a g Taf afy g

ft on incorrect pand/or Q

M1
AlF
520z3 + 72 + 1 = 0 coefficients must be integers
CAO
Al
Q3.
I
(@ a+p=-7
Bl
off =4
Bl
I _l '||2
(b) oe+pr=(a+ppr-20f=" 2/ -2(4)
Using correct identity with ft or correct substitution
M1
49 17
=4 -8= 7
CSO AG. A0 if a +  has wrong sign
Al
() (Sum=)
1 1 etept WA 1)
o’y B = (@f) - 161 64
t L
Writing e + £ in a correct suitable form with ft or
correct substitution
M1
E
= 64

ft wrong value for a8
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AlF

1 1 I."_ 4-.!
(Product =) (@B) - 161 64)

ft wrong value for aff

B1F
X2—Sx + P (=0)
Using correct general form of LHS of egn with ft
substitution of ¢c’s S and P values. PI
M1
Eqnis 64X2—-17X+4=0
CSO Integer coefficients and = 0’ needed
Al
Q4.
@ () (afy=) -37+36i
Bl
iy (By=) (-2+3)1+2)=-2+3i-4i-6
correct unsimplified but must simplify i2
M1
(-8 —i) a=-37 + 36i
= (8 +i) a =37 - 36i
AG be convinced
Alcso
37-36i y 8-i
(i) =a= 8+1 8-i
M1
206-371—2881-36
= 63
correct unsimplified
Al
260-3251
= 65 =4 -5j
Alcao
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(b)

(€)

Q5.

(@)

Alternative:
(8 +iY(m +ni) =37 — 36i
8m-n=37;m+8n=-36

eitherm=4orn=-5

o=4-5j

a+f+y=-p
-2+3i+1+2i+4-5=3

(=p=)-3

af +By +ya =q

g = Yap and attempt to evaluate three products FT ‘their” a

(7+22))+(-8-i)+(14+3i)=(

=13+ 24i

() a+p+y=5

afy =4

(i) afy?+af2y + a?By = afiy(a + B + )

=5%x4=20
FT their results from (a)(i)
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() (@) Ifa,p, yareall real then o262 + f2y2 + y202 2 0
Hence a, S, y cannot all be real
argument must be sound
(i) af+pfy+ya=Kk
2af=k p
(@B + By + ya)? = Zazpe + 2(afy> + affzy + o2fy)
correct identity for (2aB)
= -4 + 2(20)
substituting their result from (a)(ii)
k=+6
must see k = ...
Q6.
(8 a+p="7
OE
aff = -3
OE

(b) o+ [P =(a+f)-3apla+f)

Using correct identity for a3 + 2 in terms of a + f and af.

{ 31-'3
|_

=L 2) -3(-3)(-312)

with ft / or correct substitution
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=-58 12 8

CSO AG. Correct evaluation of each of (-1.5)2 and
-3(-3)(-1.5) must be seen before the printed answer

27 27 135

is stated
Al
3
ij+,€+£j .:x-‘+,e'iT’ =_%+—1535E
(c) Sum=a+ £ @ =g+ f+ (af) - 9
3
y —3th +£; . . .
Writing o + £ " in a suitable form with ft/or
correct substitution
M1
27
Sum=-8§
Pl OE exact value eg - 3.375 (AO if aff = 3 used to
get (ap)? = 9)
Al
o, +p 1

Product=oc[)’+E B af =off+ af af *)
2
Now o2 + 2= (a + )2 = 203 (= 4 +6)

(*) OE with correct identity for a2 + 52 used in (c). Subst of
values not required but Pl by correct value of Product

M1
3 9. 1T
Product = il4 )3 12
Pl OE exact value
Al
X2-SX+P (=0)
Using correct general form of LHS of egn with ft
substitution of ¢’s S and P values.
M1
Eqnis 24x2+ 81X -146=0
OE but integer coefficients and ‘= 0’ needed
Al

[11]
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Q7.

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

(iii)

B+ A+ =44

aly =4 -3

=41, a=2

AG

2

=1
Some method must be shown, eg !

AG

q=op+py+ya

=a(+y)+ By

Or o? + Py , ie suitable grouping

=2i2i-2i-1= -2i-5

AG

(c) Useofff+y=2iandfy =-2i-1

72-2iz-(1+2)=0

Elimination of say ¥ to arrive at

PR
8 =28 _(1+2i)=0 M1AO unless
also some reference to y being a root
AG
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Q8.

f(-1)=1+2i-1-2i=0

For any correct method

f=-1,y=1+2i
Al for each answer

Al

M1

AlAl

Marking AO
Instructions

Marks

Typical Solution

Writes ff and y inthe | AO2.5

form p £ Qi (seen
anywhere in the
solution)

Bl

Uses “sum of the AO3.1a
roots = —b/a”
together with a
conjugate pair to
determine the real

part (p) of f and y

M1

Uses ‘(their p)’ - 2 AO3.1a
and the area of the
triangle on an
Argand diagram to
determine the
imaginary parts of

and y

M1

Uses a correct AOl.1a
method to find the
value of € or d using

‘their’ values of

p=q

M1

Obtains correct AO1.1b
values for ¢ and d.

CAO

Al

Real coefficients = f=p +qi
andy=p-qQi

o+p+y=38

>2+p+qi+p-qi=8

=2+2p=8
>p=3
(P—-2)q=8
Q=8

m4

q

A
<

p= 3+8iandy=3-8i

¢

d =—afy =-146
cC=>of =85

Total 5 marks
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Q9.

(@)

(b)

(c)

a2+ [ = (02 + [ 2af = (-2 -2(-5)

OE Using correct identity for a2 + 2 with ft or correct

substitution

CSO A0 if a + f has wrong sign

G+ o= off (2 + )

Pl Seen at least once in part (c).

OE eg a3 + af® = af[(a + p)? —20/)]

S(um)= a3 + affs + 2 = (-5)(14) + 2 = —68
Correct or ft ¢’s aff x ¢’s [answer (b)] + 2

P(roduct) = (af)* + o3 + afp3 + 1 = (-5)* + (-5)(14) + 1 = 556

Correct or

ft[c’s af]* + c’s a f x c’s [answer (b)] + 1

X = SX + P (=0)

Using correct general form of LHS of egn with ft
substitution of ¢’s S and P values.

Egn.: X2+ 68X + 556 =0
CSO ACF
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Q10.

Q11.

Marking Instructions AO Marks [Typical Solution
Writes the expression in terms of AQO3.1a M1 (a=p32+ @y -a)32+f-7)2
ZaandZaﬂ :a2—2aﬁ+ﬁ2+'y2—2ya+a2+
Award for correct expansion B2 =2y + 92
followed by use of
=202+ 2h% + 292 - 20/ — 2ya. -
Y02 = (Sa) - 250 y prozr-2ab-z
v
=202 -2Yaf
= 2((Ta) - 25 af) - 25 o
Substitutes +m for S« AOl.la M1 |=2(50)?-63af
and =n for Yo =2(-m)2-6xNn=2m2-6n
Gives a reason for expression 2 0 AO2.4 El |Butasa, f and y are real then
Condone lack of reference to roots each of (a - f)2 (y - a)? and (8 -
being real. , ' :
¥)?2 must be non-negative.
s(a= PR+ -ap+(B-y2=z0
Completes fully correct proof to AO2.1 R1 ~2m2-6nz=0
reach the required result. 2m2 = 6n
This mark is only available if all mz = 3n
previous marks have been awarded. AG_
Lose this mark for sight of Ya =m
Total 4 marks
@ @O atfp=408=13
B1B1
iy o®+p2=(a+py2-20p
M1
..=42-26=-10
convincingly shown (AG)
Al
2
(i)  The square of a real number is positive (or zero)
El
The sum of two such squares is positive (or zero)
El
2
) O (a+td+@B+i)=4+2i

ft wrong value in (a)(i)
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(i) (a+ip+i)=12+4i
ditto

(c) Correct coeff of X or constant term
Using c¢’s answers in (b)

X2—(4+2)X+(12+4i)=0
ft wrong answers in (b)
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