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1. The complex numbers z and w are given by
z=8 + 3i, =-2i
Express in the form a + bi, where a and b are real constants,

(a) zZ=w,

)

(b) zw.
(2)

Leave )
blank
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1. Zz=8+3i, w=-2i
@) z-w{=(8+3i)-(-2i)} = 8+5i 8+5i | BL
[1]
. . . Either the real or imaginary part is correct. | M1
(b) zw {=(8+ 3i)(- 2i)} = 6 - 16i 6-16i | AL
[2]
3
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) 2k+1 &k )
2. (1) = 3 Sk where £ is a constant

Given that
B=A+3I
where I is the 2 x 2 identity matrix, find

(a) B in terms of k,

(b) the value of & for which B is singular.

2
c=|-3], D=2 -15)
4

(i1) Given that

and

find E.

2)

2

2
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2k +1 kK
2. A= , B=A+3l
-3 -5
For applying A + 3I.
_ 2k +1 k 1 0 Can be implied by three out of four
()@ |B=A+3l= [ 3 —5} 3(0 J correct elements in candidate’s final | M1
answer. Solution must come from
addition.
2k +4 kK
= Correct answer. | Al
-3 -2
[2]
(b) | Bissingular = detB =0.
_2(2k+4) — (~3k) =0 Applies "ad - bc"to B and equates M1
to0
-4k-8+3k =0
k=-8 k=-8 | Alcao
[2]
2
(i) C= —3,D=(2 -1 5),E=CD
4
2 4 -2 10 Candidate writes down a 3x 3 matrix. | M1
E=|-3 (2 -1 5)= -6 3 -15
4 8 -4 20 Correct answer. | Al

[2]
6
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3. f(x)=5x4—x3+x—3
(a) Show that the equation f(x) = 0 has a root a between x =2 and x = 2.5
(2)
(b) Starting with the interval [2, 2.5] use interval bisection twice to find an interval of
width 0.125 which contains a.
3
The equation f(x) = 0 has a root /3 in the interval [-2, —1].
(c) Taking —1.5 as a first approximation to £, apply the Newton-Raphson process once to
f(x) to obtain a second approximation to S.
Give your answer to 2 decimal places.
(5)
g J
8

P 4 2 8 2 8 A 0 8 3 6
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1. .3
3. f(X)ZEX -X"+x-3
@ f(2) =-1 Either any one of f(2) = -1 or M1
f(2.5) = 3.40625 f(2.5) = awrt 3.4
Sign change (and f(x) is continuous) therefore a both values correct, sign change and AL
root o exists between x =2 and x=2.5 conclusion
[2]
(b) f(2.25) = 0.673828125 {:%} {: 2< a < 2.25} f(2.25) =awrt 0.7 | B1
Attempt to findf(2.125) | M1
f(2.125) = -0.2752685547... f(2.125) = awrt —0.3 with
= 2125< a <225 2125< a <225 0r 2125< <225 | A1
or [2.125, 2.25] or (2.125, 2.25).
[3]
At least two of the four terms M1
(c) f'(x) =2x*=3x*+1{+ 0} differentiated correctly.
Correct derivative. | Al
f (-1.5) =1.40625 (= 1;-2) f(-15)=awrt1.4l | B1
{f’(—1.5) = —12.5}
5 15- "1 40625" Correct application of N_ewt;)hn-_Rap:]son "
2 : ERTY-I using their values.
_ __q3 -1.3875 seen as answer to first iteration,
= ~13875 ( 180) award M1A1B1M1
= —1.39 (2dp) -1.39 | Al cao
[5]

10
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4. f(x) = (4x> + 9)(x> — 2x + 5)
(a) Find the four roots of f(x) =0
“4)
(b) Show the four roots of f(x) = 0 on a single Argand diagram.
(2)

— R 0 0 O
P 4 2 8 2 8 A 0 1 2 3 6
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4. f(x)=(4x* +9)(x* —=2x+5)=0
An attempt to
solve
s 3 (4x* +9)=0 | M1
(@) (4x*+9)=0= x=—,-— which
2 2 involves i.
ﬂ y g Al
2 2
2+ 4 -4@Q)(5
(X2 —2x+5)=0= x=—--Y DG) Solvesthe |\
2(1) 3TQ
2+ -
o 16
2
=>x=1+2i 1+2i | A1
[4]
(b) Any two of
their roots
plotted
y correctly on a
° single | B1ft
diagram,
which have
been found in
> part (a).
) X Both sets of
their roots
b plotted
correctly on a
* single diagram | Bt
with
symmetry
about y =0.
[2]
6
Method mark for solving 3 term quadratic:
1. Factorisation
(x* +bx+c) = (x+ p)(x+0), where |pg| =|c|, leading to x =
(ax? +bx +c) = (mx+ p)(nx+q), where |pg|=|c| and |mn|=|a], leading to x =
2. Formula
Attempt to use correct formula (with values for a, b and c).
3. Completing the square
2
Solving x* +bx+¢=0: [xigj +g+c, =0, leadingtox=...
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Figure 1

Figure 1 shows a rectangular hyperbola A with parametric equations

The line L with equation 6y = 4x — 15 intersects H at the point P and at the point O
as shown in Figure 1.

(a) Show that L intersects H where 4t — 5t — 6 =0
3

(b) Hence, or otherwise, find the coordinates of points P and Q.

S))

Leave )
blank

P 4 2 8 2 8 A 0 1 4 3 6
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Ignore part labels and mark part (a) and part (b) together
5. H:x=3t,y:% L:6y=4x-15
An attempt to substitute
B 3. M1 Al
@ Hol = 6(%j:4(3t)—15 x =3t and y = Zinto L
Correct equation in t.
= 18=12t> 15t = 12t* -15t-18=0
M2 _Bt_G=0 * Corre_ct solutlo_n only, mvol_vmg at least A1 cso
one intermediate step to given answer.
[3]
(b) (t—2)(4t +3){=0} A valid attempt at solving the quadratic. | M1
=>t=2-3 Botht=2andt=-2 | A1
When t =2, An attempt to use one of their t-values | .,
3 3 to find one of either x or y.
Xx=3(2)=6,y=— =|6,—-
2 2 One set of coordinates correct Al
Whent = -3 , or both x-values are correct.
4
X = 3(_ Ej = _2, y = 3 _ -4 = [__, _4} Both sets of values correct. | Al
47 ()
[5]
8
(b) Alt Method: An attempt to eliminate either x or y from xy =9 and 6y = 4x —15

1% M1: A full method to obtain a quadratic equation in either x or y.
1% Al: For either 4x> —15x —54=0 or 6y® +15y —36 =0 or equivalent.

2" M1: A valid attempt at solving the quadratic.
3 4

2" Al: For either x = 6, _9 y =
4 2

3" A1: Both (6, §j and (—9, —4)
2 4
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6. A = , B =
-1 0 1 4
The transformation represented by B followed by the transformation represented by A
is equivalent to the transformation represented by P.
(a) Find the matrix P.
(2)
Triangle 7 is transformed to the triangle 7" by the transformation represented by P.
Given that the area of triangle 7" is 24 square units,
(b) find the area of triangle 7.
3)
Triangle 7" is transformed to the original triangle 7" by the matrix represented by Q.
(¢) Find the matrix Q.
(2)
g J
18

P 4 2 8 2 8 A 0 1 8 3 6
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0 1 2 3
6 A= , B=
(—1 Oj (1 4J
0 1y2 3
P=AB {= P = AB, seen or implied.
o (202 1) i
1 4
P =( J Correct answer. | Al
-2 -3
[2]
(b) detP =1(-3) — (4)(-2) {= -3+8 = 5} Applies "ad —bc". | M1
L dependent on previous M | dM1
24 their detP’
Area(T) = — (units)
S 24
= or 4.8 | Alft
[3]
© QP=1 = QPP'1 =IP* = Q= pt
0= pi- 1(-3 -4 Q= P stated or an attempt to find P*. | M1
5( 2 1 Correct ft inverse matrix. | Alft
[2]
7

Using BA, area is the same in (b) and inverse is % ( 3j in (c) and could gain ft marks.
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7. The parabola C has equation y? = 4ax, where a is a positive constant.
The point P(at?, 2at) is a general point on C.
(a) Show that the equation of the tangent to C at P(at?, 2at) is

ty =x+at?

C))
The tangent to C at P meets the y-axis at a point Q.

(b) Find the coordinates of Q.
ey

Given that the point S is the focus of C,

(c) show that PQ is perpendicular to SQ.
3

— MR R 0 ARV
P 4 2 8 2 8 A 0 2 0 3 6
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7 y?=4ax, at P(atz, 2at).
(a) 1 . dy -1
dx X
dy
or (implicitly) 2y % = 4a orky_=¢ | m1
dx "
their 2
or (chain rule) W et —
dx 2at their &
When x = at?, dy _ \/52 ﬁt 1
X a
al Y 1l
ﬂ _ 4a 1 dx t
dx 2(2at) t
Applies y - 2at = their m; (x - at’)
T: y-2at =5(x—at2) - - M1
-y t Their mr must be a function of t from
calculus.
T: ty — 2at®> = x — at?
T: ty = x + at? Correct solution. | Al cso *
[4]
2
() AtQ, x=0 :y:%:at: Q(0, at) y=at or Q(0,at) |B1
[1]
(© | S(a0)
at — 2at —at 1 A correct method for finding either m(P
m(PQ) = e g either (PQ) M1
0-at —at t or m(SQ) for their Q or S.
1
msQy=2=0 _a _ m(PQ) = = andm(sQ) = -t | A1
0-a —a
m(PQ)x m(SQ) = % x—t=-1 = PQ 1 SQ Showsm(PQ)xM(SQ)=—1 1 ;5

and conclusion.

[3]
8
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8. (a) Prove by induction, that forn € Z™,

n

D rer-1)= én(n +1)(4n — 1)

r=1

(b) Hence, show that
3n

2r(2r -1) = %n(cm2 + bn +c)

r=n+1

where a, b and ¢ are integers to be found.

(6)

“)

Leave )
blank

— NN R O AR
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8. (a) Zn: r(2r-1) =%n(n+1)(4n—1)
r=1
1
n=1; LHS= Zr(Zr—l) -1
1)@ =1
RHS = : () =1 | seen | BL
As LHS = RHS, the summation formula is true for n = 1.
Assume that the summation formula is true for n = k.
. 1
ie. r(2r-1 = =k(k +1)(4k —-1).
Z (2r 1) = Sk(k+1)(4k-1)
With n = k+1 terms the summation formula becomes:
S 1 S = S + U With
Zr(Zr—l) = Zk(k+1)(4k —1) + (k +)(2(k +1) 1) ] M1
— 6 S, = Sk(k+)(4k -1,
1
= gk(k +1)(4k -1) + (k +1)(2k +1)
1 . 1
= E(k +1)(k (4k 1) + 6(2k +1)) Factorise by E(k +1) | dm1
2
- L +1)(4K% + 11K + 6) (4K? + 11k + 6) or
6 equival | Al
quivalent quadratic
seen
1
= E(k + D (k + 2)(4k + 3)
1 Correct completion to
= E(k +Dk +1+1)(4k +1) -1 S, . in terms of k +1 .
dependent on both
Ms.
If the summation formula is true for n = k, then it is shown to be Conclusion with all 4
true for n = k+1. As the result is true for n = 1, it is now also underlined elements
_— that can be seen | Al cso

true forall n andn € 7" by mathematical induction.

anywhere in the
solution

[6]
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3n
8.(0) | D, r@r-9=s, -5,
r=n+1
1 1 Useof S, — S, orS,, —S,,, withthe M1
= E.Sn(Bn +1)(A2n-1) - g”(n +1)(4n-1) result from (a) used at least once.
Correct un-simplified expression. | Al
= %n{3(3n +1)(12n-1) — (n+1)(4n-1)}
1 Factorises outln orln and an attempt to
- En{3(36n2 +9n-1) - (4n® + 3n -1)} 6" %3 PO ama
open up the brackets.
= ln{108n2 +27n -3 - 4n” - 3n +1}
6
= 1n{1o4n2 +24n -2
6
1 2 1 2
= =n(52n° +12n -1) = =n(52n° +12n-1) | Al
3 3
{a=52,b=12, c=-1} [4]

10
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9. The complex number w is given by
w=10-5i

(a) Find |w).

(b) Find arg w, giving your answer in radians to 2 decimal places.

The complex numbers z and w satisfy the equation
Q+i)(z+3)=w
(c) Use algebra to find z, giving your answer in the form a + bi,
where a and b are real numbers.
Given that
arg(A + 91+ w) = %
where A is a real constant,

(d) find the value of A.

Oy

2

“

2

Leave )
blank

— VRN R 0 AR O 0
P 4 2 8 2 8 A 0 2 8 3 6
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9. w = 10 — 5i
@ | W= {10 + (-5)" | =125 or 545 or 11.1803.. V125 or 55 orawrt 11.2 | B1
[1]
(b) argw=—tan™ () Use oftan”™ or tan | M1
=-0.463647609... = —0.46 (2 dp) awrt -0.46 or awrt 5.82 | A1 oe
[2]
2+1D)(z+3i))=w
7 4+3i= 05 Simplifies to give * = complex no. | o,
© 2+1) 2+1)
z+3i=(12‘§')x(§_!) o their 2-0) | w1
@2+i)  (2-1) Multiplies by ————~
their (2 —1)
Simplifies realising that a real number is
. 20-10i-10i-5 needed on the denominator and applies
z2+3i = - . . M1
1+4 i° = —1 on their numerator expression
and denominator expression.
. 15— 20i
Z2+31 = ——
5
Z+3i = 3-4i
2= 3-7i (Note: a=3,b=-7.) z=3-7i | Al
[4]
arg(A +9i+w) = %
(d) A+9i+w = A+9i+10-5 = (1+10) + 4i
Combines real and imaginary parts and
uts “Real part = Imaginary part”
arg(A+9i+w) = = = A+10=4 P /1+1op Jinary P M1
4 i.e. =1or =1 oe.
4 A+10
So, A=-6 -6 | A1
[2]
9
Alt 1: Scheme as above:
© (2+0)2+6i+3i2=10-5 = (2+i)z =13 —11i
Bl for 7 — 13—1_1|; ML for 7 — (13—1_1|) y (2 - !); ML for 7 — 26 —13i— 221 - 11
2+ (2+1) (2-1) 4+1
Alfor z= 3-7i
(© Alt2: Let z=a+ib gives(2+i)(a+ib+3i)=10-5i for B1

Equating real and imaginary parts to form two equations both involving a and b for M1
Solves simultaneous equations as far as a= or b= for M1
a=3, b=-7 or z= 3-7ifor Al
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10. (i) Use the standard results for z * and Z r to evaluate

r=1 r=1

24
2{(1/3 —4r)
r=1

2
n n
(i1) Use the standard results for Z r* and 2 r to show that
r=1 r=1
N 1
D =2k + 204 1) = —(n + D(n + a)bn + ©)
r=0 6
for all integers n > 0, where a, b and ¢ are constant integers to be found.
(6)

Leave\
blank

— RN OO0 0 0
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24
10. Z(P — 4r)
r=1
1 1 An attempt to use at least one of the
(i) = Z24°(24 +1)* - 4.224(24 +1) standard formulae correctly and | M1
4 2 substitute 24.
{= 90000 1200}
= 88800 88800 | Al cao
[2]
(ii) (r"-2r+2n+1)
2,
An attempt to use at least one of the
M1
1 1 standard formulae correctly.
=>nin+)@2n+1) - 2.=n(n+1) +2n(n+1) + (n+1) Correct underlined expression. | Al
6 2 2n - 2n(n+1) | B1
1->(n+1) |B1
1 An attempt to factorise out
== 2 - 1
6(n+1){2n +n - 6n +12n + 6| 1(n+1) or L | ML
6 6
1
==(n+Di2n* +7n+6
S+ }
_ %(n L 1)(n + 2)(2n + 3) Correct answer. Al

(Note: a=2,b=2,¢c=3))

[6]
8




