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1. Use the standard results for Zr and for Zrz to show that, for all positive integers n,
r=1 r=1
< n
Zr(r +3)=—(m+1)(n+0>)
r=1 a
where a and b are integers to be found.
C))
J
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Question
Number

Scheme Notes Marks

n

_ o \
1. Zr(r+3)_r=1r +3;r

r=1

1 1
= 6n(n +1)(2n+1) + 3(5 n(n +1)]

Attempts to expand r(r +3) and attempts to substitute

at least one correct standard formula into their
resulting expression.

M1

Correct expression (or equivalent) | Al

dependent on the previous M mark

%n(n +1)[(2n+1) + 9] Attempt to factorise at least n(n+ 1) having attempted | dM1

to substitute both correct standard formulae.

%n(n +1)(2n +10) {this step does not have to be written}

g(n +1)(n+5) or %n(n +1)(n+5)

Correct completion with no errors.

Note: a=3,b=5 Al

4)
4

Question 1 Notes

1. Note

Applying e.g. n=1, n=2 to the printed equation without applying the standard formulae
to give a=3, b=5 is MOAOMOAO

Altl

dM1
Al

Alt Method 1 (Award the first two marks using the main scheme)
Using Leson2i2n=tp +(b—+1jn2 2n e
3 3 a a a
Equating coefficients to find both ¢ = ... and b = ... and at least one correct of a=3 or b=5
Finds a=3and b=5

Alt 2

dMm1

Al

Alt Method 2: (Award the first two marks using the main scheme)
%n(n L) (@2n+1) + gn(n +1) = Yn+1)(n+b)
a

Substitutes » =1, n =2, into this identity o.e. and solves to find both ¢ =...and b= ...
and at least one correct of a=3, b=5

2(1+b) 6(2+b)
a

Note: n=1 gives 4 = or 2a—b=1 and n=2 gives 14=———- or 7a—3b=6
a

Finds a=3and b=5

Note

Allow final dM1A1 for %n3 +2n° +gn or %(n3 +6n? +5n) — g(n +1)(n+5)

with no incorrect working.

Note

A correct proof Z r(r+3)= g(n +1)(n+5) followed by stating an incorrect e.g. a=5, b=3

r=1

is M1A1dM1A1 (ignore subsequent working)

Note

Give A0 for %n(n +1)(n +5) without reference to a=3 or g(n +1)(n+5) or %n(n +1)(n+5)
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2. The transformation represented by the 2 x 2 matrix P is an anticlockwise rotation about the
origin through 45 degrees.
(a) Write down the matrix P, giving the exact numerical value of each element.
1)
k2 0 .
Q= , where k is a constant and k£ > 0
0 kv2
(b) Describe fully the single geometrical transformation represented by the matrix Q.
2)
The combined transformation represented by the matrix PQ transforms the rhombus R,
onto the rhombus R,.
The area of the rhombus R is 6 and the area of the rhombus R, is 147
(¢) Find the value of the constant £.
“)
|\ J
4
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2. P represents an anti-clockwise rotation about the origin through 45 degrees
Z 7)) (L1
A T T 1 1 -1 . . .
@) (p=) 2 2 | o V2 2 or eg. —— Correct matrix which is B1
NZEEEND) 11 N expressed in exact surds
2 2 V2 2
(©)
(b) Enlargement Enlargement or enlarge | M1
About (0, 0) or about O or about the origin
Centre (0, 0) with scale factor k2 and scale or factor or times and k<2 | A1
Note: Allow+/2k? in place of k~/2
Note: Give MOAO for combinations of transformations (2)
(c) Multiplies their matrix from
Way 1 P2 2 part (a) by Q [either way round]
AR, L) o a | M1
(PQ ) 5 > |(kv2 o _ (k _kj and applies "ad —bc
2 2 0 k2 Kk to the resultmg_; matr|2<
> 5 to give 2k
or states |their det PQ| = 2k?
{detPQ =} (k)(k) — (-k)(k) = 2k | Q) Al
Condone {detPQ =} k* + k*
147 6(their determinant) =147
2y 2 _ -
6(2k) =147 or 2k 6 or puts their determinant equal to % M1
{: k? =479 :>} k =% Obtains k =3.5, o.e. | Al
©)
(c) applies "ad —bc" to Q
detQ = (k2 )(k~/2) = (0)(0) or detQ =(k~/2)(k+/2 2
Way 2 Q (\/_)( \/_) (0)(0) Q (\/_)( \/_) orapplies(kﬁ) M1
and deduces that det PQ = 2k?
{detP =1 =} detPQ = (1)(2k*) =2k’ ) Q ,
) or states |their detPQ| = 2k* | Al
. . 147
147 6(their det(PQ)) =147 or (their det(PQ))=—
6(2k%) =147 or 2k? =2 143 M1
6 or 6(their det(Q)) =147 or  (their det(PQ)) = =~
{:> k? =479 :>} k _! Obtains k =3.5, o.e. | Al
4)
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Question 2 Notes

2. (b) Note | “original point” is not acceptable in place of the word “origin”.
Note | “expand” is not acceptable for M1
Note | “enlarge x by k~/2 and no change iny” is MOAO
(c) Note | Obtaining k =+3.5 with no evidence of k =3.5 {only} is A0
Way 2 | Giye MLALIMOAO for writing down 147(2k?*) =6 or 1 Eor 6 L 147, o.e.
Note 1 2k? 6 2k?
with no other supporting working.
Way 2 | Give MOAOM1AOQ for writing detQ = _t or i, followed by 6 iz =147
Note 2 k* —(=k?) 2k? 2k
Note | Allow M1ALl for an incorrect rotation matrix P, leading to det PQ = 2k®
Note | Allow M1A1M1AL1 for an incorrect rotation matrix P, leading to detPQ = 2k*and k =3.5, o.e.
Note | Using the scale factor of enlargement to write down k+/2 = % =k =35 is M1A1ldM1Al
Note | Using the scale factor of enlargement to write down k/2 = /% is M1IA1dMO
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3. Ly
0 P
é O\ S X
i C
Figure 1
Figure 1 shows the parabola C which has cartesian equation y* = 6x. The point S is the
focus of C.
(a) Find the coordinates of the point S.
(0))
The point P lies on the parabola C, and the point Q lies on the directrix of C. PQ is parallel
to the x-axis with distance PQ = 14
(b) State the distance SP.
(0))
Given that the point P is above the x-axis,
(c) find the exact coordinates of P.
(&)
|\ J
8
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3. C:y®=6x; Sisthe focus of C; y?=4ax; P(at?, 2at); Q lies on the directrix of C. PQ=14
(a) {a=15=} S has coordinates (1.5, 0) (L5, 0)or(£,0)or (5,0) |BL cao
Note: You can recover this mark for S(1.5, 0) stated either parts (b) or part (c) (1)
(b) { PQ is parallel to the x-axis = } SP =14 B1
Focus-directrix Property = SP {= PQ} =14 or 14 stated by itself in (b) cao
Note: PQ =14 stated by itself without reference to SP =14 is BO (1)
(©) irectrix x = —> & PQ= _14-3 14 — their "a"
Way 1 directrix x = 5 &PQ=14 =, x,=14 5 {=12.5} X eir 'a" | M1
2 _ 6125 B dependent on the previous M mark dM1
Yo© =6(125) = Yp = .. Substitutes their xinto y* = 6x and finds y =...
Either x=12.5, y=53 or (12.5, 5\/§) Correct and paired. Accept (12.5, ﬁ) Al
(©)
p
14 y or \/6x
ST
or
14-2"1.5"
©) (x—1.5)* + (6x) =14 Applies Pythagoras to x—"aj‘, 6X _and_14, -
Way?2 | — x24+3x—193.75=0 = x — .. then forms and solves quadratic equ_atlon in x
to give X=...
AsinWay 1 | dM1 Al
3
(©) s ) Applies Pythagoras to 14—"2a", y and 14,
Way 3 Wy =14 =y=. and solves to give y=... M1
2 dependent on the previous M mark
(\/ﬁ) =6x= x=.. Substitutes their y into y* = 6x and finds x=... M1
Either x=12.5, y=543 or (12.5, 5%) Correct and paired. Accept (12.5, ﬁ) Al
3
(c) (1.5t* —1.5)* + (3t)* =147 Applies Pythagoras to "1.5"t*—"1.5", 2("1.5")t and 14,
Way 4 = 2.25t" +4.5t> —~193.75=0 forms and solves a quadratic equation in t° M1
{or ot* +18t* — 775=0} to give t* =... or t=..., and finds at leasts one of
X=...0r y=.. byusing x="15"t* or y=2("1.5"t
=t?= 25 =t= % _
3 3 dependent on the previous M mark
s 53 2 . 53 Finds both x=...and y=... | gm1
= X=Io T YR 5T by using x="15"t> and y =2("1.5"}t
Either x=12.5, y=53 or (12.5, 5x/§) Correct and paired. Accept (12.5, ﬁ) Al
3
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3. C:y?=6x; Sisthe focus of C; y*=4ax; P(at?, 2at); Q lies on the directrix of C. PQ=14
(c) 3 3 Uses horizontal distance PQ =14 to form and solve the
Way 5 XPZEtZ'XQ:_E’ PQ=14= . ' ) ! Q o Y
equation "1.5"t*-"-1.5"=14 togive t*=... or t=.., M1
(1.5t ——1.5)=14 = 1.5t* =125 and finds at leasts one of
X=...0r y=.. byusing x="15"t* or y=2("1.5")t
=t?= 2 =t= %
2 dependent on the previous M mark
. :1.5(5\@} Y= 3(5\@} Finds both x=...and y=... | gm1
3 3 by using x="1.5"t? and y =2("1.5")t
Either x=12.5, y=53 or (12.5, 5%) Correct and paired. Accept (12.5, «/ﬁ) Al
3
© v
Way 6 S150),P Y yl|, SP=14= ,
) Applies Pythagoras to Y "1.5", y and 14,
1o 3Y e 6 M1
s) T3 Y =l =y=.. and solves to give y =...
{y* +18y* -6975=0}
2 dependent on the previous M mark
(\/ﬁ) =6x= Xx= .. Substitutes their y into y* = 6x and finds x =... dM1
Either x=12.5, y=53 or (12.5, 5x/§) Correct and paired. Accept (12.5, «/ﬁ) Al
3
Question 3 Notes
3. (c) Note | Writing coordinates the wrong way round
E.g. writing x =12.5, y = 5+/3 followed by (5+/3,12.5) s final A0
Note | Obtaining both (12.5, 5\/5) and (12.5, —5J§) with no evidence of only (12.5, 5%) is AO
Note | Give final Al for (12.5, awrt 8.66), with either y=+/75 or y=5+/3 seen in their working
Note | You can mark part (b) and part (c) together
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4
’ 2p 3
A= P 39
3p 5¢q
where p and ¢ are non-zero real constants.
(a) Find A" in terms of p and gq.
(&)
Given XA = B, where
P 9
B=|6p llg
Sp &g
(b) find the matrix X, giving your answer in its simplest form.
(C))
|\ J
10
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2p 3 P qQ
4, A=3 c ; XA=B; B=|6p 1lq
P oq 5p 8q
2p(5q) — (3p)(3a) | B1
det(A) =} 2p(5q9) — (3p)(3 =
(@) { ) } p(5a) — (3p)(30) { pq} which can be un-simplifed or simplifed
5 3 ( 5q —3qj
- M1
59 -3 _
{A’lz} 1 99 q or p P 3p  2p
pa\-3p 2p 3 2
- Correct A™ | Al
q q
(©)
_RAL —
{X =BA _} Attempts BAand finds at least one element
(b) p q (or at least one element calculation) of their matrix X M1
Way 1 6p 1iq i[ 59 _?’qJ - Note: Allow one slip in copying down B
5p  8q pg\-3p 2p Note: Allow one slip in copying down A™
2pq - pq At least 4 correct elements AL
_ 2| 3pg 4pq (need not be in a matrix)
pq dependent on the first M mark dM1
Pa  pq Finds a 3x2 matrix of 6 elements
2 -1
=|-3 4 Correct simplified matrix for X | Al
1 1
©)
W(:E) ) a b 2p 3 P g Applies XA = B for a 3x2 matrix X and
y {(XA=B=} |c d (3 . ] =|6p 1lq attempts simultaneous equations
e f P9 5p 8q inaandborcanddoreandf
2pa+3pb=p, 3ga+5qb=g to find at least one of a, b, ¢, d, e or f | g
or 2pc+3pd =6p, 3qc+5qd =11q Note: Allow one slip in copying down A
or 2pe+3pf =5p, 3ge+5qf =8q Note: Allow one slip in copying down B
and finds at least one of a, b, ¢, d, e or f
2a+3b=1, 3a+5b=1 a=2,b=-1 At least 4 correct elements | Al
2c+3d=6, 3c+5d=11; = c=-3,d=4 dependent on the first M mark
2e+3f =5 3e+5f =8 e=1, f=1 Finds all 6 elements for | dM1
the 3x2 matrix X
2 -1
=>X=-3 4 Correct simplified matrix for X | Al
1 1
(©)
7
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Question 4 Notes
5g -3 5g -3
4. (a) Note | Condone —( d q} or L [ d qj for Al
10pg-9pg\—-3p 2p 2p(59) - Bp)(By)\-3p  2p
5g -3 5 -3
Note Condone( q q]i or[ q qj L for Al
-3p  2p) pq -3p  2p) 2p(5q) - (3p)(30)
54 3
Note Condone Pa Pa for Al
_3p  2p
pPq Pq
2pq —Pq
their det A their det A
) . -3pq 4pq
Way 1: Allow SC 1%t A1 for at least 4 correct elements in
(b) Note y their det A their det A
Pg Pq

their det A their det A

or for at least 4 of these elements seen in their calculations
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Given that
z4 = 6z° + 3422 — 54z + 225 = (22 + 9)(Z® + az + b)
where a and b are real numbers,

(a) find the value of a and the value of b.

(b) Hence find the exact roots of the equation

z4— 622 + 3422 — 54z + 225 =0

(c) Show your roots on a single Argand diagram.

2

(C))

2

LeaveN
blank

14
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5. z* —62% +347% —547 + 225 = (z° +9)(z* +az +b); a, b are real numbers
At leastone of a=-6 or b=25 | B1
a=-6,b=25
(@) Both a=-6 and b=25 | B1
)
(b) T — =~
{22 +9=0:>} L —3i 3 At least one of 3i, —3i, \/§| or \/§| M1
Both 3iand -3i | A1
{22 -6z+25=0 :}
- Correct method of applying the quadratic
,_-—6% J(=6) — 4(1)(25) or formula or completing the square for solving | pm1
2() their zZ2+az+b=0;a,b=0
e (2-3°-9+25=0=>1z=..
{z=} 3+4i,3-4i 3+4iand 3-4i | A1
4)
© Criteria
ImA e =+ 3i or * (their k)i plotted correctly on
3.4) the imaginary axis, where ke R, k >0
0,3 e dependent on the final M mark being
awarded in part (b)
Their final two roots of the form
A+ ui, A, u+0, are plotted correctly
O Re
Satisfies at least one of the criteria | B1ft
(0,-3)
3, —4) Satisfies both criteria with some indication of
’ scale or coordinates stated with at least one | B1ft
pair of roots symmetrical about the real axis
2
8

Question 5 Notes

5. (a) Note | Give B1BO for writing down a correct (z° —6z + 25), followed by a = 25,b=-6
Note If the values of a and b are not stated, then
e give B1B1 for writing down a correct (z° —6z + 25),

e give B1BO for writing down (z* + their "a"z + their "b"), with exactly one
of their a or their b correct

(b) Note | Noworking leadingto z = 3i, —3i is 1* M1 1" Al

Note z =++/9i unless recovered is 1 MO 1% AQ

Note You can assume x = z for solutions in this question

Note | o Give 2" M1 2% Al for 22 —62+25=0 = z = 3+ 4i, 3 - 4i with no intermediate
working.

e Give 2 M1 2" Al for z =3+ 4i, 3 - 4i with no intermediate working having stated
a=-6,b=25 in part (a) or part (b).

e Otherwise, give 2" M0 2™ A0 for z = 3 + 4i, 3 — 4i with no intermediate working.
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Question 5 Notes Continued

5. (b) Note | Special Case: If their 3-term quadratic factor z2 +"a"z +"b" can be factorised then

give Special Case 2" M1 for correct factorisation leading to z =...

Note | Otherwise, give 2" MO for applying a method of factorisation to solve their 3TQ.

Note | Reminder: Method Mark for solving a 3TQ, “az® + bz + ¢ =0"
Formula: Attempt to use the correct formula (with values for a, b and c)

2
Completing the square: (z + g) +q+c=0,g9=0, leadingto z=...
5. (b)(c) Note | You can mark part (b) and part (c) together
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2 +3)

f(x) = NE

9, x>0

The equation f(x) = 0 has two real roots @ and §, where 0.4 < a < 0.5and 1.2 < f < 1.3

(a) Taking 0.45 as a first approximation to a, apply the Newton-Raphson procedure once
to f(x) to find a second approximation to a, giving your answer to 3 decimal places.

(©))

(b) Use linear interpolation once on the interval [1.2, 1.3] to find an approximation to f,
giving your answer to 3 decimal places.

(C))

N
Leave

blank
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3
6. Given f(x):w —-9, x>0; Roots &, B: 04<a<05and 1.2< 5<1.3
X
(@) 5 1 Some evidence of +Ax" — + ux"*; A, £ #0 | M1
f(x)=2x%2 +6x 2 -9= 3 3
Differentiates to give £+ Ax2 £ Bx 2; A, B =0 M1
3 3
f'(x) = 5x2 —3x 2 Correct differentiation which can be simplified or un-simplified | Al
{a =0.45- f,(0'45) } = a=045- 0.2159541693. . Valid attempt at Newton-Raphson using ML
(0.45) —8.428734015... their values of f(0.45) and f'(0.45)
dependent on all 4 previous marks
{a =0.4756211869...} = o =0.476 (3 dp) 0.476 on their first iteration | Al cso
(Ignore any subsequent iterations)
Correct differentiation followed by a correct answer of 0.476 scores full marks in part (a)
Correct answer with no working scores no marks in part (a) (5)
(@) Alternative method 1 for the first 3 marks
Alt1 Some evidence of +Ax" — + ux"" A, u#0 | M1
u=2x+6 v=+x Differentiates to give
u' =6x? 4 =lx_% - + A (VX) + BX%(ZXs +6) M1
2 — — ;A B=0
X
2 1 ‘% 3 Correct differentiation which can be
-= 2 L e
£/(x) = ox (ﬁ) 2 x 22X+ 6) simplified or un-simplified Al
X
(b) At least one of either
Either + (awrt 0.37, trunc. 0.36, | 5,
f-12 13-4 awrt 0.12, or trunc. 0.11)
"0.3678924937.."  "0.1161410527.." This mark "';ay be 'T'Io_"ed'
" " correct linear
p-12 = - 0'3678924937'“" interpolation method.
13-4  "0.1161410527... Do not allow this mark if a
. p-12 3 1.3-1.2 total of one or three negative | M1
"0.3678924937.." "0.1161410527..." + "0.3678924937..." lengths are used or if either
fraction is the wrong way up.
This mark may be implied.
5 - (2.3)("0.3678924937...") + (1.2)("'0.1161410527...")
"0.1161410527..." + "0.3678924937..."
_( 0.4782602418... + 0.1393692632...) _ (0.617629505...j depe_ndent on the
0.4840335464... 0.484033546... previous M mark
Rearranges to give | dM1
"0.3678924937..." _
e =12+ (0.2 B=..
"0.1161410527..." + "0.3678924937..."
« fo12+ —0.3678924937... (0.1)
"-0.1161410527..." + "—0.3678924937..."
_ _ 1.276
{f =1.276005578...} = B =1.276 (3dp) (Ignore any subsequent iterations) Al cao
(4)
9
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6. (b) X 0.1— X At least one of either
Way 2 "0.3678924937.."  "0.1161410527.." £ (awrt 0.37, trunc. 0.36, | 5,
., . awrt 0.12, or trunc. 0.11)
X = (0.1)("0.3678924937..%) _ 0.0760055778... This mark may be implied.
0.4840335464... Finds x using a correct method of M1
similar triangles and applies
— /3 = 1.2 + 0.0760055778... "1.5 + their x* | M1
{# =1.276005578..} = B =1.276 (3dp) 1.276 | Al cao
(©)
(b) 0.1-x B X At least one of either
Way 3 "0.3678924937.."  "0.1161410527..." = (at‘"(’)”lg-37' t”“”C' gff) B1
. W awrt 0.12, or trunc. 0.
X = (0.1)("0.1161410527...") _ 0.0239944222... This mark may be implied.
0.4840335464... Finds x using a correct method of
similar triangles and applies | M1 dM1
= S =1.3-0.0239944222... "1.6 — their x"
{# =1.276005578..} = B =1.276 (3dp) 1.276 | Al cao
(©)
Question 6 Notes
6. (a) Note | Incorrect differentiation followed by their estimate of « with no evidence of applying the
NR formula is final dMOAO.
M1 This mark can be implied by applying at least one correct value of either (0.45) or £'(0.45)
to 1 significant figure in 0.45 — 1(045) . Sojust 0.45-— f(045) with an incorrect answer
f(0.45) f(0.45)
and no other evidence scores final dMOAO.
Note | You can imply the M1A1A1 marks for algebraic differentiation for either
3 3
e f'(0.45) =5(0.45)2 — 3(0.45) 2
2((0.45)° +3) 9
o f'(1.5) applied correctly in & = 0.45 — \’2'45 3
5(0.45)2 — 3(0.45) 2
(@) Alternative method 2 for the first 3 marks
Alt 2 Some evidence of +AX" — + ux""; A, u#0
B Note: Allow M1 for either
u=2x+6 v=x?2 AC(x ) or +Bx @ +6) | M1
:> 3
U’ = 6x2 Ve Lty or £Bx :(x*+3); A B=0
Differentiates to give ML
1. +AC(X?) £ Bx (2% +6); A B#0
/(x) = 6x*(x*) = =X *(2x° +6) Correct differentiation which can be
2 L C Al
simplified or un-simplified
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Question 6 Notes Continued

6. (b)

Note | Condone writing the symbol « in place of g in part (b)
Note p-12 = | — 0.3678924937.. | is a valid method for the first M mark
13-4 |"0.1161410527..." |
_ - f(1.2 - : -
Note | Give 1%t M1 for either rd.2) _p 12 or | ( )| = p-12 or |f(1 2)| _p-12
f(l.3) 13-p fl.3) 13-p8 |f(1.3)| 13-p
. 1.3[f(1.2)| +1.2f (1.3
Note | Give M1ML1 for the correct statement | ( )| i (L3)
f(1.3) + [f(1.2)
Note | Give M1M1 for the correct statement g = %
+
where k = .3 _ 0116141 0.315609...
[f(1.2)] 0.367892...
Note p-1l2 _ 0.3078924937.. = 3 =1.276 with no intermediate working is B1 M1 dM1 Al
13-4 "0.1161410527..."
Note p-12 _ 13-4 = [ =1.34613...=1.346 (3 dp) is B1 MO dMO0 A0
—0.3678924937...  0.1161410527...
Note p-12 = 13-p — [ =1.276 (3dp) is B1 M1 dM1 Al

—0.3678924937...  —0.1161410527...
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7. It is given that « and f are roots of the equation 5x? — 4x + 3 =0
Without solving the quadratic equation,
1 1
(a) find the exact value of — + —
«“ F 5)
. . . 3 3
(b) find a quadratic equation which has roots — and F
a
giving your answer in the form ax* + bx + ¢ = 0, where a, b and ¢ are integers to
be found.
(C))
|\ J
22
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Number
7. 5x* —4x+3=0 has roots «, S
(@) a+p=-, aﬂ=§ Both a+ﬂ=g and aﬂ:g, seen or implied | B1
2 2 2 2
12+%= a:f Statesorusesiz+%=% M1
o (04 04 04
Use of the correct identity for o + 3°
2 2 2
= 203 =...... M1
o +p=(a+ f) -2ap (May be implied by their work)
Applies 5% = ? correctly in the denominator
1 1 o+ B (%)2_2(%) pplies o’ =(ap) yl I
_2+F_ 252 312 fa2+,6’2 ing their val f M1
a a (2) 0 “F using their value of o
(14 dependent on ALL previous marks being awarded
_B) M 14 5 . Al cso
(%) 9 ) or —1§ or —1.5 from correct working
©)]
(b) 3 3 14 14 42 Simplifies i+i to give
N ~ _-T - " __= 2 2
Way 1 {Sum =} a2+ﬁ2 3( 9){ 3 O 9} at p M1
3(their answer to (a))
3 3 9 Applies ————
ot} (&[5 ]2 (- 25) Polies a7 | M1
(2) using their value of af
14 Applies x* —(sum)x + product (can be implied),
x* + Ex +25=0 where sum and product are numerical values. | M1
Note: "=0" is not required for this mark
Any integer multiple of 3x* +14x + 75 =0,
3x* +14x+75=0 yines P L w_qu | Al
including the " =0
4)
9
Question 7 Notes
7. (a) Note | Writing a correct & + % = (a + 3)* — 2a8 without attempting to substitute at least one
of either their o+ S or their af into (a + B)° — 2af is 2 MO
_a)? _o(3
Note Give BOM1IM1IM1AO for ¢ + g = —f, af = 3 leading to iz + iz = M = 14
5 5 a” p (2) 9
. 2++11i 2—+/11i . .
Note | Writing down «, S = +;/_I, ;/_' and then stating o + g =g, af =g or applying
a+ﬁ=2+\/1_1i R LR R off = 2+\A1i (2=VA1i) _ 3 (oo BO
5 5 5 5 5 5
Note | Those candidates who then apply o + g = g aff = g having written down/applied
a, f= 2+;/1_1|, 2_;/1_1| , can only score the M marks in part (a)
Give BOMOMOMOAO for iz + iz - 1 >+ 1 > = 14
Note a Yii (2+Jﬁi) (zﬂmi) 9
5 5
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24fATi )2 + ( zﬂsﬁi )2

2 2
7.@) | Note |Give BOMIMOMOAOfor — + = = 15 _ (* RNV
a” p a’p (2+Jﬁi) (Z—Jﬁi) 9
5 5
Note | Give BOM1MOMOAQO for
+ AT - Ai 2 AL — i
i+i ~ (OH‘ﬂ)Z—Zaﬂ ) (2 51 +2 51) _2(2 51)(2 51)_ _E
a? ﬂz azﬁz (2+\/l:1i )2 (z-J‘ﬁi )2 9
5 5
Note | Allow B1 for both S—f and P _3 or for Z—ﬂ and H—§
5 5 5 5
Note | Give final AO for e.g. —1.55 or —1.5556 without reference to —% or —13 or -1.5
Note | Give 2" M1 for applying their « + g :g on
5a° —4a+3=0,58*-4B+3=0 =5’ + ) -4(a+p)+6=0
. 4 -6+ 14
to give 5(a” + f°)—4| = |[+6=0 {= o+ = b= -
give 5(a” + %) (5) { a +f c 25}
(b) Note | A correct method leading to a=3, b=14, c=75 without writing a final answer of
3x* +14x + 75 =0 is final M1A0
. 2++11i 2—+/11i . . 3 .
Note | Using +;/_I, ;/_' explicitly, to find the sum and product of % and F to give
o
x> + %x +25=0 = 3x* + 14x + 75 =0 scores MOMOMZ1AO in part (b)
Note 2+\11i 2-11i 4 31 1 14
Usin : to find =—, ==, — +— =-=" andapplyin
975 5 atfEg =gt E =y PPIYINg
{a +ﬂ=f,} aﬂ—§, i+i _ U can potentially score full marks in part (b). E.g.
5 5 o p° 9
. Sum_%+%:3 —Ej = 14
a” p 9 3
e Product =(%)(%} 92 =2
@ A\B) (3)
. 14 2
e X +§x+25=0 = 3X° +14x+75=0
- . 1 1 9
Note | Finding iz + iz _—— and correctly writing x* —=3| = + = |Xx+ —— =0 followed by
a” B 9 a p (ap)

1
22

x* — %x +25=0 = 3x* —14x + 75 =0 (incorrect substitution of iz + = —%)
[94

is MOM1IM1AO0
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Number
7. 5x* —4x+3=0 has roots «, S
(b) y:iszij 5 3 -4 §+3=o Substitutes xzzgint05x2—4x+3:0 M1
Way 2 X’ y’ y y
15 3 15 2 3 2 dependent on the previous M mark
—+3= 4J: = [— + 3) = [4\/:j Correct method for squaring | dM1
y y y y both sides of their equation
2—225+§+E+9=16£§j
y y |y y
2—225 + 42 +9=0
y y
dependent on the previous M mark
Obtains an expression of the form
i ay’ +by+c, a,b,c#0 dM1
9y" +42y +225=0 Note: "=0" not required for this mark
Any integer multiple of 3y* +14y + 75=0, AL

or 3x* +14x + 75 =0, including the "=0"

4)
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=
8. Prove by induction that, for n € Z*
a 0Y 3 na ., 0
1 op) Tzt »
a->b

where a and b are constants and a # b.

(©))

LeaveN
blank
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Number
a 0 n a 0 N
8. 1 b " a"—p" ,neZ’; a#b
a—b
a 0 Shows or states that
n=1, LHS= [ ] a o0
1 b ; _ _
either LHS = RHS = ( j
a 0 . 1 b)lB1
a 1
=| - = a o0 a o0 a o0
RHS=1a-b b [1 b] or LHS = or , RHS =
a—b 1 b 1 b 1 b
(Assume the result is true for n=k)
a* 0
k k k _pk multiplied b
a 0 k+1 B ka k 0 a 0 o a 0 ka k 0 a E bk p y "
1 b) |20 el b 1 p)|a b a-
a-b a—-b a 0y, .
(either way round)
1 b
ak+1 O ak+l O
= | a(@ -h") k K+l « . b@ -b" K+l
2D +b" b & b Multiplies out to give
Kol a correct un-simplified | Al
a 0 matrix
or e.g. | a(a“—b*) N b*(a—b) bkt
a-b (a—h)
a 0 dependent on the previous A mark
= | gkt _pk+t o Achieves this result | Al
Ta b with no algebraic errors
If the result is true for n =k, then itistrue for n =k +1. As the result has been shown to be
- Al cso
true for n =1, then the result is true foralln (eZ")
®)
5

Question 8 Notes

Note | Final Al is dependent on all previous marks being scored.
It is gained by candidates conveying the ideas of all four underlined points
either at the end of their solution or as a narrative in their solution.

a
Note | Give BO for stating LHS = RHS by itself with no reference to LHS = RHS = (1

y

. . . a 0} (a O
Note | Give BO for just stating =
1 b 1 b

a-b a-b a-b

is M1A1A1

ak 0 ak+1 0
Note |E.Q.| gk _pk o (? gj = | gkt _pk+ i with no intermediate working is M1AOAQAO
a-b a-b
a* 0 a 0 ak+t 0 gk 0
Note | Writing | gk _p« " (1 bj: a(a“ —b*) T 2kl _pkit
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9. Given that
z—ki . . ..
- =1, where £k is a positive real constant
z+31
k+3 k—=3).
(a) show that z = _{ ) )+( 5 )1
“)
(b) Using the printed answer in part (a),
(1) find an exact simplified value for the modulus of z when £ = 4
(i1) find the argument of z when k£ = 1. Give your answer in radians to 3 decimal
places, where —7 < argz < 7@
“)
. J
28
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3 @ 2K i (o)) k=4 (i) k=1
Z+ 3i
(a) z—ki=i(z+3i z—ki=iz—-3 _ _
Wayl | _, i, _ _(31 ki) z 20— i) = — 3+ Ki Complete method of making z the subject | M1
—3+ki .
= Z= - Correct expression for z=... | Al
(= 3+ ki) L +1) (= 3+ ki)(L +1) depgndent on the previous M _mark
Z= 11 (s = > Multiplies numerator and denominator | dM1
@-0 @+ by the conjugate of the denominator
_ (k+3) N (k—3)i - Achieves tr_le correct answer AL* c50
2 2 with no errors seen
(©)
(@) z—ki=i(z+3i) Multiplies both sides by (z + 3i),
Way 2 | (x + yi) — ki =i(x+yi + 3i) applies z =x + yi, 0.e., multiplies outand | .,
X+ (y=K)i=—y—3+xi attempts to equate both the real part and
{Real - } X=—y-3 the imaginary part of the resulting equation
) Both correct equations Al
{Imaginary = } y-k=x which can be simplified or un-simplified
dependent on the previous M mark
X+y=-3 k-3 k-3 Obtains two equations both in terms of x and y dM1
X—y=—k = X= 2 y= 2 and solves them simultaneously to give at least
oneof x=.. or y=...
(k+3) (k-3). inds x = k=3, _k=3
—7=_ > + > i * Finds x 5 Y > | A1* cso
and writes down the given result
4)
(b)(i) (4+3) (4-3). 7 1. Some evidence of substituting z =4
tk=d4=} z=- > T ! {: 515! } into the given expression for z
. - and a full attempt at applying M1
{lZ=} J(-3) +(3) Pythagoras to find ¢
50 J50 5 5 25
= [—,\125, ~— =2 or == or ,|—= Correct exact answer | Al
4 2 2 V2 P2 2
(i) Some evidence of substituting z =1 into the
B . (1+3) (1-3). . given expression for z and uses trigonometry
k=l=} z=- 5 ! {=-2-1j to find an expression for argz in the range | pj1
argz=—z+tan™ (%) (-3.14..., -1.57...) or (—180°, —90°)
or (3.14..., 4.71...) or (180°, 270°)
{argz=—7+0.463647... = } argz= —2.677945... {=—2.678 (3dp)} awrt —2.678 | A1

(4)
8
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Number
3 @ 2K i (o)) k=4 (i) k=1
z+ 3
@) z —ki . . . .
Way 3 =27 I = ———=2+3i Complete method of making z the subject | M1
= —-iz-k=2+3Ii => —-k-3i=z+iz
=-k-3i=z(Q1+1i) )
K _3 Correct expression for z=... | Al
= 7= -
@+
(—k—3i) L-i) dependent on the previous M mark
=T dan Ao Multiplies numerator and denominator | dM1
@+ a- by the conjugate of the denominator
_(k+3) N (k—3)i * Achieves the correct answer | , ;. oo
2 2 with no errors seen
(©)
Question 9 Notes
9.(a) Note | Condone anyofe.g. z= — % + %I orz= (3; K, E3+0); i for the final A mark
(b)(i) Note | M1 can be implied by awrt 3.54 or truncated 3.53
Note Give A0 for 3.5355... without reference to qf ,N12.5 xj_ 5 \/_ qf
(b)(ii) Note | Allow M1 (implied) for awrt —2.7, truncated —2.6, awrt —153o or awrt 207° or awrt 3.6
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10.

The rectangular hyperbola A has equation xy = 144. The point P, on H, has coordinates

12 .
12p, — [, where p is a non-zero constant.
p

(a) Show, by using calculus, that the normal to A at the point P has equation

y= p2x+2—12p3
p
©))

Given that the normal through P crosses the positive x-axis at the point QO and the negative
y-axis at the point R,

(b) find the coordinates of Q and the coordinates of R, giving your answers in terms of p.

(&)

(c) Given also that the area of triangle OQOR is 512, find the possible values of p.
)

N
Leave

blank
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12 .
10. H:xy=144; P|12p,— |, p=#0, lieson H.
Y
Normal to H at P crosses positive x-axis at Q and negative y-axis at R
(@) y= 144 _ =144x" = dy _ —144x7% or — % ay =+kx?; k=0
X dx X dx
xy =144 = xﬂ +y=0 Uses product rule to give £x—= dy +y
dx dx M1
pd 1 . Condonet=
X:12t,y:E:>d—y:Q.ﬂ 12 their == x " p
t dx dt dx 12 their o
SoatP, m, = —# Correct calculus work leadingto m, = —iz Al
So, m,, = p? Appliesm,, = —, wherem; is found using calculus | M1
12 " 2|l . .
oy o (x-12p) or Correct straight line method for an
1 equation of a normal where m (= m; ) is | M1
. e "p’"(12p) + ¢ = y="p>"x + theirc found by using calculus.
. , 12 3 )
Correct algebra leadingto y = p*x+—-12p° * Correct solution only | Al *
p
Note: m, must be a function of p for the 2" M1 and 3" M1 mark (5)
b ~ .
(b) y=0=x, —12p—£ Puts y =Oand findsx |
p’ or puts x=0and finds y
12
X=0=y = ?—12I0 At least one of X, or Yy, correct, 0.e. | Al
12p-— 12 0l and|o, 12 4 0’ Both sets of coordinates correct. | ,,
p° p {Ignore labelling of coordinates}
@)
1212 = x( their x, )(+ their y,) = 512 | M1
(c) Area OQR = 12 p—— || =-12p° || = 512 . .
2 P’ )\ p Correct equation which can
o . Al
be un-simplified or simplified
144p* 1312+ 22 _ g
p’
144p° -1312p* +144 =0 Correct 3 term quadratic in p* AL
{=9p° -82p*+9=0| Note: 144 p® +144 =1312p* is acceptable for this mark
dependent on the previous M mark
9p* -1(p*-9)=0 = p*= Uses a3TQin p* (or an implied 3TQ in p*) | dm1
to find at least one value of p* =
. Obtains both p=+/3 and p =—% only
p=+/3 and =" NG L | A
Note: Allow p=—-— inplaceof p=———
3 3
©)

13
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1 . .
= x( their x, )(+ their y,) = 512 | M1
10.(c) | AreaOQR = 1 12p—1—23 12 _12p° | = 512 2 _ _
2 p p Correct equation which can
S L Al
be un-simplified or simplified
144 p—% p’ L =1024 = p* —2+i4 _1024
p p p 144
2
1 64 1 8
PP =0 = P =t
p 9 3
Both correct 3 term quadratics in p?
3p*-8p*-3=0 and 3p*+8p°-3=0 Note: Both p* —1=§ p? and 3p* +8p?=3 | Al
is acceptable for this mark
Bp®+)(p*-3)=0 = p’= dependent on the previous M mark
or Uses a3TQin p? (or an implied 3TQin p®) | dm1
(Bp® -1 (p*+3)=0 = p’= to find at least one value of p? =...
1 1
:J§ and p=——r Obtains both =«/§ and p=——= only | A1
p p Ne p Y N y
(©)
Question 10 Notes
10. (a) Note | Allow y= p?x-12p° +E {order of terms interchanged in y =...} for final Al
Y
(b) Note | For the accuracy marks in part (b) allow equivalents such as
4 2 2
o x=12p—1—23 or x=—12p 3 12 or x=12(p 12(|0 )
p P
_ 4
oy =E—12p3 or y:ﬂ
p p
(©) Note | Give 1% M1, 1%t Al for
. %[12 p —1—23j [E -12 p3) = 512 {correct use of modulus}
P p
. %(ﬂp _1p_23J(12 p’ —%} =512  {modulus has been applied here}
° — %[12 p —%}(% -12 pS] = 512 {modulus has been applied here}
. 1 12 )( 12 3 .
Note | Give 1M1, 1%t AO for > 12p —F E—lZp = 512 {modulus has not been applied on y;}
. s 144 . .
Note | Writing a correct 144p® —1312+—_- =0 o.e. followed by a correct e.g. p* =9 with no
p
intermediate working is 2" AQ, 2" M1
Note | Writing a correct 144 p* —1312+£ =0 o.e. followed by p*=9and p* :% with no
p
intermediate working is 2" A1 (implied), 2™ M1




