L6 Further Maths Teacher Y Mock 21-22 SOLUTIONS [55]

1.
(1) Ml Attempt to equate real and imaginary
parts 01:
X - ,\': =16 and xy = 15 (x+1y) and 16+301
AlAl Obtan each result
M1 Elimunate to obtain a quadratic i X or
E
+(5 + 3i) Ml Solve to obtain ‘
x=(F)Sory=(¥)3
[ marks]
2.
Uses correct conjugate of z | AO1.1a M1 Z=x+1y
and expresses equation in . . .
terms of x and y where 2(x+iy)-si(x-1y) =12
x and y are real
Equates real and imaginary | AO1.1a| M1 | Re: 2x—-5y=12
parts of their equation Im: 2y—5x=0=y=2.5x
(conjugate might be ’ -
wrong). 2x—-125x=12
Solves their equations AO1.1a M1
correctly for x and y having x= _§ and y= _E
used the correct conjugate 7 7
of z
States a fully correct AO1.1b A1l 8 20.
solution, must be z =_ . Z=——"—"11
7 7
Total 4
[ marks]
3.
2(i) p+rq+r=2, pg+pr+qr=4, pgr=>5 Bl 3.1a
2 2 2 2(pg+pr+gr
2,2,2_2(pg+pregr) M1 | Llb
p qg r pqr
8
=— Alft 1.1b
5
3
Alternative for part (i)
\=£:>£3— 82 +§-5=0:>5_v3—8y2+8y—8=0 Bl 3.1a
y y oy ¥y
2 2 2 —8
== =—— Ml | LIb
qg 7 5
8
=— Alft 1.1b
5
3)




(i) (p-4)(g—4)(r—4)=(pg—4p—4g+16)(r—4) M1 | 1.1b

= pqr—4pq—Apr—4qr +16p +16q +16r —64 Al 1.1b
(:pqr—4(pq+pr+qr)+16(p+q+r)—64)

=5-4(4)+16(2)—64=—43 Al | L1b

3

Alternative for part (ii)

(x+4) —2(x+4)" +4(x+4)-5=0 M1 | Llb
=...64+..-32+...16+...—5=43 Al 1.1b
(p—4)(g—4)(r—4)=-43 Al 1.1b

3

(iii) E.g.
pAqg+r =

=(p+q+r)3 —3(p+q+r)(pq+pr+qr)+3pqr
or
M1 3.1a

=(p-i-q+r)((p+q+r)2 —2(pq+pr+qr)—pq—pr—qr)+3pqr
or
=2((p+q+r)2 —2(pq+pr+qr))—4(p+q+r)+3pqr
=Sp g +r =
2° -3(2)(4)+3(5)=—1
2(2*-3(4))+3(5)=-1 Al | L1b
2(22 -2(4))-4(2)+3(5)=-1

2)
Alternative for part (iii)
p 2P +4p—-5=0.¢ —2¢° +49—-5=0. * =21’ +4r—-5=0
p3+q3+r3—2(p2+q2+r2)+4(p+q+r)—15=0
, Ml 3.1a
p+qg+r =2((p+q+r)_—2(pq+pr+qr))—4(p+q+r)+15
=>p+qg+r =
=2(2*-2(4))-4(2)+15=-1 Al | 11b
(2)

I (8 marks)




4

Sets as equal the real and | AO2.2a
imaginary parts of z,

or uses the line y = x

M1

Uses the fact that the half-
line is a tangent to the
circle

AO2.2a

M1

Forms an equation for the | AO3.1a
gradient of the line joining
(2, 5)and (k, k)

or the gradient of a
tangent at any pointon C
or

uses a right angled
triangle containing the line
joining (2, 5) and (k, k)

or

correctly substitutes y = x
into the equation of the
circle

M1

Forms a correct equation AO2.2a

based on their method.
Pl by k = 3.5

M1

Obtains the value of a AO1.1b

from their equation

Al

Produces a completely AO2.1
correct, rigorous proof
leading to exact value of a.

Must show all steps clearly

R1

- W & o v N

zy =k+ki
Radius is perpendicular to tangent .
Gradient of line connecting (2,5) and
(k,k) =—1
5—k_
2—k
5—k=k-2
k=35
a?=(5-35)*+(2-35)2 =45
3V2

a=——
2

Total

1(a)

z=-1-21 or z=3+1

M1 1.2

z=-1-2i and z=3+1

Al 1.1b

(12) ™

3

(3.1) Bl 1.1b

\ Re

(-1.-2)

(3.-1) B1 1.1b

(G))




() (z—(-1+2i))(z—(-1-2i)) ¢
rav f(z)=(z—(-1+21))(z—(-1-2i)
Way 1l o o ) . ) M1 31a
. . (z—(3+1))(z—(3-1)) =...
(z—(3+i))(z=(3-i))=...
22 +2z+5 or 2 —6z+10 e.g_f(:)=(:2+2:+5)(...) Al 1.1b
22+2z+5 and 22 —6z+10 | f(z)=(2 +2*(-1-1)+z(-1+2i)-15-5i)(...) Al 1.1b
f(z)=(z"+22+5)(z-62+10 ‘ :
(z)=(z"+2z+5)( +10) Expands the blacl‘.:ets to forms a M 3.1a
quartic
f(z)=z"-42"+322 10z +50 or
Al 1.1b
States a=—4,b=3,¢=-10.d =50
Q)
Way2 | sumroots= o + B +y+0 =(-1+2i)+(-1-2i)+(3+i)+(3-i)=...
pawrsum = o § + ay +ad + By + B +y5
=(-1+2i)(-1-2i)+(-1+21)(3-1)+(-1+2i)(3 +1)+(-1-21)(3-1)
+(=1-21)(3+1)+(3+1)(3-1)=_..
. ( J(3+1) +( )(~ ) : M1 | 31
triple ssm =a By +afS+PByd+ayd
= (=1+21)(-1-2i)(3—1)+(=1+2i)(-1-2i)(3+1)+(-1+2i)(3 +1)(3-i)
+(-1-2i)(3+1)(3-1)=.
Product = a8y § =(—-1+2i)(-1-2i)(3-1)(3+1)=...
el _ e Al | 11b
sum = 4, pair sum = 3, triple sum = 10 and product = 50 Al 11b
a = —(their sum roots ) = —4
b = +(their pair sum) =3 M1 3.1a
¢ =—(triple sum)=-10 Al 1.1b
d = +(product) = 50
)
Wayd | £z = 142 +va 142 +b —142i "¢ —1+2i +d=0
. 4 .3 . 2 . Ml 3.1a
fz=23+1 +a3+1 +b3+1 +e¢3+1 +d=0
Leading to
—T7+1la—3b—c+d =0 24—2a—4b+2c=0 Al 1.1b
28+18a+8b+3c+d =0 96 +26a+6b+c=0 Al 1.1b
Solves their simultaneous equation to find a value for one of the M 3.1a
constants '
a=-4,b=3,¢=-10,d =50 Al 1.1b
)

(9 marks)




2. {fw=x+3=>}x=w-3 B1 3.1a
2(w=3) +6(w-3)* =3(w-3)+12(=0) M1 1.1b
2w’ —18w* + 54w — 54 + 6(w’ —6w+9)—3w+9 +12(=0)

2w —12w? +15w + 21 =0 1\:11 i’i;
(Sop=2,g=-12,r=15and s =21) Al 11b
(&)
6 3 12
ALT1 a+,B+y=—5=—3,aﬂ+ﬁy+a7=—5,aﬂy=—7= B1 3.1a
sumroots= @ +3+ +3+y+3
=a+pf+y+9=-3+9=6
pairsum = (@+3)(f+3) + (@ +3)(y+3) + (B+3)(7+3)
=af +ay+ Py +6(a+p+y)+27
=-%+sx_3+zv=9 Ml | 3.la
product = (@ +3) (B +3)(¥ + 3)
= afy +3(af + ay + By) +9(a+B+y) + 27
=-6 +3x—é +9x-3+27 = A
2 2
W — 6w’ +%w —(—%] (=0) M1 1.1b
2w —12w’ +15w+21=0 Al 1.1b
(Sop=2,¢g=-12,r=15and s =21) Al 1.1b
(5)
7.
1 4C3 X 6C3 x °Cy or 6x20%5 MIM1 | M1 for any 2 correct combs seen, even 1f added
_________ =600 VAL
n 2 o G axécadcy or Lx1+3xlorlx20rl+1l
T or 3 X or T or M1 4 173 4
‘opde’c
’600’
=73 oe Al 2
| 3C, % 5Cs (x *Cy) + °C2 x °C3 ¥ °Cy | MIMI1 | M1 either product seen, even if X or + by
something
360 Al 3
Total 8




(@) | @ |"Psor & or 7x6x5x4x3 or 'Csx 5! alone MI | 7P or 2 M0OAO 'Cs=210r51=120 MOAO
=2520 Al but see (i)(b)
[2]
(@) | (®) [®Pyor & or 6x5x4x3 or °Cy x 4! or 360 M1 | alone or <2 only or 2520 =5 x °Py M2
2 iddle col 6 : .
7 (oee middle coluam M1 6P4 x20r6!  alone M2 SC ONLY on ft from (i)(a):
Cyx2o0r6! x2alone MOMI only if (i)(a) 5! = 120. then
any other x 2 MOMO (i)(b)4!x2=48 alone MIMOAOQ
¢ 2
or ‘2520°x$M2A0 Other SC 5P3 2 M2
(eg (ia)ll (1]3) 21x %: 6 M2AO0 (from a vowel at each end. ie treat as MR)
but if ans is 6. must see wking) ) 7”0 2
NOT 1sw eg 5555 = 5 MIMIAO
2520 7
=720 Al cao
[3]
.. Bl
11 a) | 21
@ |® m| )
() | ®) | cyor 3?—;, or °Cs seen or 10 seen in num M1 %X% oe seen Allow °C; seen BOD
[ E 5C§ oe M1 %X%T(%Xéi'%xé)
>C3 +>C5
Al

19 0r0.909 (3 sf)

[3]




