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1. z,=3+3i1 z,=p+qi p,.q€R

Given that |z,z,| = 1542
(a) determine |z, |

2)
Given also that p =—4

(b) determine the possible values of ¢
(2)
(c) Show z, and the possible positions for z, on the same Argand diagram.
2
@) |2] = V(3% + 3%) = Y18 = 32 ¥
[222] = |21]]22]
342 [25] = 1542

c M

= 152

S s
XA,
S
Boss( & Jo%¢

M) 2] =S = p?+4*=2S :::2:;;:?
(-4)* +¢* =25 = ¢ =29
g=3 or g=-3

\

(c) Argand diagram:
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Question 1 continued
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Question 1 continued
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Question 1 continued

(Total for Question 1 is 6 marks)
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)\
S
f@=10-2c- L x>0 L
2Jx  x o
(a) Show that the equation f(x) =0 has a root « in the interval [0.4, 0.5] g/\
v =
\:if‘:s/-\
(b) Determine f'(x). L@
3) i::a‘ix
(c) Using x, = 0.5 as a first approximation to a, apply the Newton-Raphson procedure \3\
once to f(x) to find a second approximation to a, giving your answer to 3 decimal S \
places.
(2)
The equation f(x) = 0 has another root § in the interval [4.8, 4.9]
(d) Use linear interpolation once on the interval [4.8, 4.9] to find an approximation to £,
giving your answer to 3 decimal places.
(2)
(a) £(0.4) = =7.2ISS... <0
£(0.5) = 0.2928... >0
There is a sign change (negative to positive) and f(x) is continuous
on [0.9, 0.5], therefore a root o lies in the interval [0.49, 0.5]
(b) f&x) =10 — 2x - é x 2 - x3
flx) = -2 + % —3/2 4 3y
— _ f(xo) g
(e) xi =% £ (x) B
£(0.5) = 0.2928932l.., £(0.5) = 46.70710678...
_ _ 029289321 _
X =05 = 2070878, - 0913729 ‘g
X)) = 0.494 (3 d.p.) i?if.:
(d) £(4.3) = 0.16274.., £(4.9) = —0.034376...
\
B-98 __499-8 =
0.16274... 0.0349376... \\
_ 483 x0.034376... + 4.9 x 016274... *
B = 0.034376... + 016274 Sa
B = 4.88256... \
Boge ~ 150
B =46383 (3dp)
NN DR 0 0 R0 O - mm
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Question 2 continued
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Question 2 continued
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Question 2 continued

(Total for Question 2 is 9 marks)
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k k
35

(a) Determine M ', giving your answer in simplest form in terms of k.

k k

Hence, given that N' = 4

(a) det M = Sk — 3k = 2k

3. M= where k is a non-zero constant

(b) determine (MN) ', giving your answer in simplest form in terms of k.

2

2

/ —.\
e g (37

®) (MN)? = N'MT = j ( Z _7)(—2 —Z)
_ [ Ske=3k =i+ 12
- ﬂ( 20 + 3 -qk—k,)
! [-2k 0\
ok (23 —Sk
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Question 3 continued

(Total for Question 3 is 4 marks)
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f(z) =2z"— 192’ + 4z + Bz — 156

where 4 and B are constants.

The complex number 5 — i is a root of the equation f(z) =0

(a) Write down another complex root of this equation.

(b) Solve the equation f(z) = 0 completely.

(c) Determine the value of 4 and the value of B.

(a)

S+

0y

(©))

2

W) G-GC+NC-G-D))=G-5)?*-7

=22 - 102+25 +1 =22 - 102 + 26

fiz) = G2 - 102 + 26)(22% + az + b)

constant: 26b = —1S6 = b = -6

22 =20+a=-19 = a=1

£fiz) = (22 - 102 + 26)(22% + 2 - 6)

222 +2-6=0 = (22-3)z+2) =0

. . 3
2=85+1i, 2=§5- 2= 5, 2=-2

@)

G? - 102 + 26)(22° + 2 - 6)

=229 + 22 — 62° — 2023 — 102° + 602 + $22° + 262 — 156

= 229 — 1923 + 362%2 + 862 — 156

A=36 B=86

12
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 8 marks)

O0mm

VD 000 0O OO .
Turn over »
P 7 3 3 3 4 A 0 1 5 3 6 urnove


https://stemup.co.uk

r

5. The quadratic equation
2x*=3x+5=0
has roots o and S
Without solving the equation,
(a) write down the value of (a + f) and the value of af
1)
(b) determine the value of
(i) o’ +p°
(i) o +p°
“4)
(¢) find a quadratic equation which has roots
(o =) and (S~ o)
giving your answer in the form px* + gx + r = 0 where p, ¢ and r are integers to be
determined.
(3)
(0) a + B - 2 (XB 2
- 2 P
Y 2 2 _ 2 _ Y42 _ >
W@ +p2=@+p2?-208=(5) -2(5)
-1 -
=59 4
s 5 o 3 . o > > o
i 3483 = 3 _ = (= - 2 =4
Gi) o + B3 =(a +B) - 3a0p(a + B) (2) 3(2)(2)
- 274 _ 83
-8 4 = 3
() Sum = o + B2 - (o + B) = -3 >
Product = (o® — B)(B® — a) = (aB)® — a* — B + aP
2
4 4 — (2 22 _ 2 _ _n _ 2
af + B? = (a? + B2)? - 2(ap) ( q) 2(2)
_ 12200 _— 79
16 16~ 16
c 3 -n p acn - .Y 270
= 2 A R L A R A X
. Product = (5 ) +9g *+5 =G 6 * e =

) &

1

(=)

P 7 3 3 3 4 A 0 1 6 3 6
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Question 5 continued
xz——(sum)x+product=0=>x2+%x+%=0
16x% + 1S0x + 369 = 0
\, J
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Question 5 continued
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Question 5 continued

(Total for Question 5 is 10 marks)
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)\
6. The parabola C has equation y* = 36x i
The point P(9¢>, 18¢), where ¢ # 0, lies on C d\
(a) Use calculus to show that the normal to C at P has equation S
y+ix=9+18¢ =
@) =
m
(b) Hence find the equations of the two normals to C which pass through the L2
. .. . _ e
point (54, 0), giving your answers in the form y = px + ¢ where p and ¢ are e
constants to be determined. s
“)
Given that
* the normals found in part (b) intersect the directrix of C at the points 4 and B
* the point F is the focus of C
(c) determine the area of triangle AFB
3)
(a) ¢ = 36x = 2y—% =36 = —Z p
Cody 131 - ! - _
At P I 37 7 s0 mr Y t
Normal: y — 18t = —t(x — 9t%)
y — I8t = —tx + 9>
= y+tx =9t + I3t as required
(b) x =S4,y =0: S4t = 9t> + I3t S
% - 36t =0 = u@ -4) =0 e
t#0 = t=2 or t=-2
t=2 y+2x=72+36=108 = y=-2x+108 S
t=-2 y-—2x=-72-36=-108 = y=2x-108
e
(c) 9a =36 = a=9 focus F(9, 0), directrix x = —9 & =
x=-9% y=-2(-9) +108 =126 = A(-9,126) =z
o
x=-9 y¢y=2(-9) -108=-126 = B(-9, -126) \
AB = 126 — (—126) = 252, height = 9 — (-9) =18 S
Bose(V7, 3008
Area of triangle AFB = é x 252 x |13 = 2268 \
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(a) Determine the matrix A’

(1)
(b) Describe fully the single geometrical transformation represented by the matrix A’

(2)
(c) Hence determine the smallest positive integer value of n for which A" =1

(1)
The matrix B represents a stretch scale factor 4 parallel to the x-axis.
(d) Write down the matrix B

(1)
The transformation represented by matrix A followed by the transformation represented
by matrix B is represented by the matrix C
(e) Determine the matrix C

(2)
The parallelogram P is transformed onto the parallelogram P’ by the matrix C
(f) Given that the area of parallelogram P’ is 20 square units, determine the area of

parallelogram P
(2)

() A2 = ('VB/Z —//2> (—1/3/2 -//2>

112 —y3/2 112 —y3/2
~ 3/ =119 314+ v314\ | 1/2 v3/2
T\ =Bl4 = a3/4 =114 + 3/4) ~\=3/2 1)2

(b) cos B = é, sin9=——§ = 0 =-60°
A? represents a rotation of 60° clockwise about the origin
(i.e. 300° anticlockwise about (0, 0))
(c) A? is a rotation of —60°, so (A%)® = rotation of —360° = |
so A2 =1 (A is a rotation of 150° and 12 x 150° = 1800° = S x 360°)
n =12

(@ B = (Z ‘;)
@ c=on= {3 )% )
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Question 7 continued

2 A
® detc=C228)(-L)-C0(5)=3+1=4
Area of P = d;o c = ZTA = § square units
- v,
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Question 7 continued
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(a) Use the standard results for 2 r* and z r to show that for all positive integers n

r=1 r=1

n

Y o+ )(r+2)= %(n+ D)(n +2)(n +3)

r=0
(5)
(b) Hence determine the value of
10x11+11x12+12x13+...+ 100 x 101
3)

@F G+DG+2) =5 (P+3r+2)=2+3 P+35 r+ 5 2

-

\

2+%n(n+l)(2n+l)+%n(n+l)+2n

Y

\

%n(n+l)(2n+l)+%n(n+l)+2(n+l)

\\

% b+ DnCn +1) + 9 + 12]

\

% i+ 1D0Cn? + 10n + 12)

\

% i+ D% + Sn + 6)

\

é. W+ 1D +2)n + 3) as required

(b) 10 x 1l is the term with r = 9, 100 x 10 is the term with r = 99

Sum = z‘?‘? b+ D0+ 2) - Zg G+ D0+ 2)

\

é' (100)(101)(102) - é @aqo)n)

343400 — 330

\

= 363070

) R0 00 00 A O
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O

) X



https://stemup.co.uk

7

> %
0 ote ot totetoteotetoetetetete%
ZRLRRLRLRRLRLRRLRK

Y

AL
X
R

X
IR
IS
R

0% %
$%0%%
patesetetototeses
posete!
KK

AKX
0002000200202 %0 % %0 % %% :‘:

<X
5

RN

OO0
poRogelelelete
O
(LXK
SRR
LS,

%%

>

2
RS

<

58S

S
5

QR
pgeteteetete!
Q
QL

.05
25

XX
o%!

poseta
b9

SR

QRS

XX AN
3
893

::0.0‘0
::
K

<
% XX
RRRKX

%%
28
KX

X
535S
X8
CRLLKE

Question 8 continued

O0mm

P 7 3 3 3 4 A 0 2 9 3 6

29

Turn over »


https://stemup.co.uk

7

Question 8 continued

P 7 3 3 3 4 A 0 3 0 3 6

O

XRXXKS

R o
2
SR

<5
SRS,
5
LRl
SO
PO 100

S
FIKL
Do%scenr 058
xms
X S

00
’%‘1
L% %
%

QO
o

<\
00

Soteontetetet
X PN
LGN

SR IELELILS

boses
XS
b9%es

K
S e o a e te e tatatstetatotetytatetese
0K .

0%}
dotodetetoteds

<

KA AR IIK KA
O

33
X5
3
55

%

0
potele!
foteses
55
55

o%
3%
bo%s

20%


https://stemup.co.uk

XX
o%

> A
%qu%%hgaw L
CORRRRRAESIRR

et te et tetetetetetetets

i atetetotetotetotetototetotete!

ZRRLRLRRLRLRRLREE,

‘%
XS
%:}4{"0’

9%

CLT

5
S

i

)

.0

N
ot
%%

%%
e
"B
st
X,

oSe%

+96%%

S
i1
23

O
RRLRRIELS
SENOYKIL
PDON
‘DO:N
SIS

%@ﬁ?
4&}3&
RRKRS

QR
SORRREES
IRRRES
SRRLEKS
%5 %S
Satoseseses
SR

%%

qgg
% XX
o

%% 0902090000099 %%
e tatetetetesesasatototetetess
RITE

S
ROy
LIS
S S
SRR

OO
X
KEOYT<
RANNT B¢
RLRZRRLR

OO
KX
L0508
YO
R
s
oot

&
S

XX
o%!

R

X
S

%
38
r"(

O
g0
-
%

XX
0’:‘0
$96%%:%%
‘:0.0.:0

RELELKLS
S
2% 2
CRLLLLS %
0‘0 0‘0‘

XX
%!

XXX
CRXXKS
RS

QR
200050 %%

00.0 :.0 XX
R ORIR
QLRI
doototetotetotetoteds
oot otetetetese!
RLRLRRLKS

065
%
2%
5
d0%es
K

S
2L
XX
o2e%!

¥

02
o%
RS
=K
KRS

o2e%

7

Question 8 continued

(Total for Question 8 is 8 marks)

O0mm

VR 0 00 0O O O )
Turn over »
P 7 3 3 3 4 A 0 3 1 3 6 urnove


https://stemup.co.uk

NOd
ot

10

LM

LNIZ

4V SIH,

XXXAKX

K
SRRRAHRHHKK

RS
RS EREIIRR KRR I IRIKIRK
IR AKA XKAKAKKX <

0(\0 -\0

IR
i
S

,"\y’-_ ’ NSRRI
X :/}\;/,7\,})\2'\,;//'\14;?\,8;\,

O

4 A
9. (i) A sequence of numbers is defined by
u; =3
U,y =2u,—2"" n>1
Prove by induction that, for » € N
U, =5x2"" —px2"
(5)
(i1) Prove by induction that, for n € N
f(n)=5"—4n-9
is divisible by 16
(3)
W n=1 u=5x22-]1x2"=5-2=3 sotrue forn=1
Assume true for n = ki u, = § x 2k — Jo x 2k
Upr) = 2uy — 2441 = 20§ x 2K — Je x 2%) — 2k
=Sx2"—kx21"”'—2k+’
=S x 2(k+l)-—l _ (k + ,) x 21<+I
which is the result with n = k + .
If the result is true for n = k then it is true for n = k + |. As the
result has been shown to be true for n = |, then the result is true
for all n € N by mathematical induction.
G)m=1 f0)=8-6-9=12=16x7, sodiisible by 16
Assume true for n = ke FCk) = S¥*? — Gk — 9 s divisible by 16
flc+1) =83 —ql+1)-9=5x852— k-3
= S(5%% — 4k — 9) + 20k + 45 — Gk - 13
= S(S%*2 — Gl — 9) + 16k + 32
= SFCQ) + 16Ck + 2)
SfCk) and 16Ck + 2) are both divisible by 16, so f(k + 1) is divisible by 16.
If the result is true for n = k then it is true for n = k + |. As the
result has been shown to be true for n = |, then the result is true
for all n € N by mathematical induction.
-
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Question 9 continued
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