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Question

Number Scheme Notes Marks
1(a) 2,=3+3i Z,=p+qi  p,gel
|z,| =3 +3° Attempts |21| using Pythagoras and uses M1
2,2, =|2]|2,| = |2,]V18 =15V2 = |z,| = ... | |z.2,|=]|2]|z,]to find |2,
|2,| =5 Cao Al
)
ALT |z,2,|=15V2
(3p—3a)+i(3p+39)| =15v2
f18p? +18¢% =152 Uses |2,2,|=|z)||z,| toreach p*+q®=.. | M1
p’+q>=25
|2,| =P’ +9° =5 AL (2
b _ 2 A2
(b) 2| =5=p*+q" =25 Uses p’+q° ="5"with p==+4 leading |,
:(_4)2+q2 =25=(q=.. to a value for g.
q=1+3 Both values. Must be clear p =4 has not Al
been used
)
© Im 4 3 + 3i plotted correctly and labelled Bl
Vectors/ lines not needed; point(s) alone are
- sufficient
Re
A conjugate pair plotted correctly following
Points to be in the correct quadrants and either | through their g. B1ft
with correct numbers on the axes or labelled
correctly
(2)

Total 6




Question

Number Scheme Notes Marks
2 1 1
f(x)=10-2X———-— x>0
2x X
(@) f(0.4)=-7.21..., f(0.5)=0.292... Attempts both f(0.4) and f(0.5) M1
Both f(0.4) = awrt -7 and f(0.5) = awrt
Sign change (positive, negative) and f(x)is 0.3, sign change and conclusion.
continuous therefore (a root) « is between Must mention continuity. Can have Al
x=0.4 and x =0.5 f (0.4)><f (0.5) < 0 instead of “sign
change”
(2)
(b) X" — X""in at least 1 term other than | pqq
' 1 s -4 10
f'(X)=—2+—x2+3X
4 2 of the 3 terms shown correct Al
All correct Al
3)
(c) v —05_1(05) oo 029289321 | oo |
, =0. £(05) 1670710678, orrect application of Newton-Raphson
— 0.494 Correct value 3dp. A correct derivative Al
must have been used
(2)
(d) A9-p _p-48 = f=.. Uses a correct interpolation method M1
‘f (4.9)‘ f(4.8) (Signs to be correct)
f =4.883 Correct value 3dp unless penalised in (c) | Al
(2)
ALT1 alf (b)|+blf (a)|
‘f (a)‘ + ‘f (b)‘ Uses a correct interpolation method M1
5 48x00304+49x0.1627 _ (Signs to be correct)
0.0344 +0.1627
P =4.883 Correct value 3dp unless penalised in (c) | Al
(2
ALT 2 — _
Gradient — 0.0344-0.1627 __1971
49-438
Equation of line: y—0.1627 = ~1.971(x —4.8) | Complete method for line equation
followed by substitution to obtain a M1
ory= -1.971+9.6235 value for x
Substitutey =0 x=...
P =4.883 Correct value 3dp unless penalised in (c) | Al
2)

Total 9




Question

Number Scheme Notes Marks
3(a) -1 ;
L1 5 _k Attempts M~ = -y xadj(M) .
5k -3k -3 k Either part correct but
adj(M)=M scores MO
2 1
_ 153 -k or | 2k 2 Correct matrix AL
2k\ -3 k -3 1 2k must be seen for this mark
2k 2
) (2)
_ 1(k k) 5 -k _
MN) " =N"M7 =" i 1 _ NI
(MN) oK [4 —1)(—3 k} Applies (MN) " =N"M M1
= L (2 ° 1 . C t matri Al
= okl 23 sk or e.g. § —_5 orrect matrix
2k 2
(2)
ALT Find N (ie inverse of N%)
® cindMN =——[ ¢ O Complete method needed M1
in = okl 03 2k omplete method neede
Find (MN)*
1(2k 0 1 c _ AL
= .g. — t mat
okl 23 sk oreg.| 23 -5 orrect matrix
2k 2
(2)

Total 4




Question

Number Scheme Notes Marks
4 __n,4 3 2
f(z)=2z"-197° + Az + Bz -156
@) (z=)5+i Correct complex number B1
1)
Mark (b) and (c) together — ignore any labelling seen.
Award marks in the order given for their choice of method
OF@ | 7=5+i=(z-(5+1))(2-(5-1))=..
With (b) Ore.g. 1:Co:rect s_trattergl;y to f_md tthe qgadratlc M1
first Sum of roots = 10 actor using the conjugate pair
Product of roots = 26
z> —-10z + 26 Correct quadratic Al
Attempts to find the other quadratic. May
use inspection (apply rules for quadratic
_ (2 2
f(z)_(z _1OZ+26)(22 +"'Z+k) factorisation ie "26"|k| =156 or e.g. M1
long division with quotient 2z% +...z +...
NB long division gives quotient 2z + z + (A— 42) and remainder
(1OA+ B —446) z2+936-26A
272°+7—6 Correct quadratic Al
_3 - Correct real roots. The complex roots do
== 2’ 2 (,5+0) not have to be stated. Al
(5)
f(z)= (22 —10z + 26)(222 +z-— 6) Multiplies out both quadratics or extracts
M1
_ the terms needed
A=36 B =86 Corre_ct values (can be seen in the quartic Al
equation)
)
Total 8
(b)/(c) Substitute (5+1i)into the quartic (oy | M1
With (c) 952+960i-2090-24A+10Ai+5Bi-156=0 calculator) and equate real and imag parts
first (can be done with (5—1i))
-1294+24A+5B=0 Correct equations Al
-446+10A+B=0 q
_ _ M1 Solve simultaneously M1
A=36 B=86 Al One correct Al Both correct AlAl
(©)
27" -197° +362° +862-156 =0 Solve the equation by long division, M1
77— inspection or by calculator
3 - Correct real roots. The complex roots do | Al
==, — +
=7 2’ 2 (’5_') not have to be stated.
(2)

Total 8




Question

Number Scheme Notes Marks
> 2x2 —3x+5=0
@ atrp=2 ap=2 Both B1
2 2
. 1)
®)(D 2
a’+ 2 =(a+p) —2ap Uses a correct identity M1
Correct value
3} (5) 11
:(Ej _2(5):_2 (=-2.75) Allow to come from a+ﬁ:—§ Al
(i) 3 Reaches an identity ready for
@’ +p = (a+p) -3ap(a+p) substitution M1
3
= (Ej - S(EJKEJ __58 (=-7.875) Correct value Al
2 2 )\ 2 8
4)
(©) Attempts sum
3 3
Sum_a3+ﬂ3—(a+ﬂ):—%—g(:—§j AIIoweg(a _ﬂ)+('B _a) M1
followed by (a°+ B°)+(a+8) = ..
Prod :(aﬂ)s—a4—,84+a,3 3 3
Expands (o™ — —« ) and uses
and P ( _ 'B) (ﬁ4 4) M1
Py (az e )2 —2(ap)’ a correct identity for ™ + S8
Alt identities:
at+pt =
(a+p) —dap(a’® + ) -6a’B% a* + B* =(a® + ) (a + B)—ap(a® + 5°)
3 2 2
3 4 4 5)° 5 11 5 369
—ot 2] 42| ===| =2/ 2| ==
(aB) —a*—p*+ap (2) +5 (( 4) (2)} 16 Al
7
x? +§5 X+31—?(= 0) Applies x2— (their sum)x + their prod (= 0) M1
16x* +150x + 369 =0 Allow any integer multiple Al

()

Total 10




Question

Number Scheme Notes Marks
6() x=9t2,y=18t:>ﬂ=E
or Correct o in terms of t
y2 = 36X = gyd_y =36 = d_y — E — E There must be evidence of use of calculus B1
dx dx y 18t dy 1 . :
(== == with no working scores B0)
or ’ dx t
2 y_ 3 3
=36Xx=> y=6x > -L=—"1r="
y y dx x 3t
1 Correct use of the perpendicular gradient
M =17 My =T rule. P ’ M1
Correct straight line method for the
normal. Must use their perpendicular
y—18t =—t(x—9t*) gradient — not dy/dx. dM1
(Any complete method — use of
Yy = MX + C requires an attempt at “c”)
y+tx = Ot® +18t * g:& e,g‘ll previous marks must have been AL*
_ _ (4)
(b) X — 54,y — 0 => 54t — 9t® + 18t Substitutes x = 54 and y = 0 into the
9t° —36t<0 equation from part (a) and attempts to M1
- B collect terms.
ot* —36t=0=9t (t2 —4) =0 Solves to obtain at least one non zero
s value for t and attempts at least one dMm1
St=2= yi2X:9(i2) +18(i2) normal equation
=—-2x+108
Y One correct equation in any equivalent
or form Al
y =2x-108
y=—2x+108
and Both correct and in the required form Al
y =2x-108
_ _ (4)
) Xx——9=>y—18+108 or —18—108 (L)Jrsgs x = -9 to find the y coordinate of A M1
1 Fully correct strategy for the area
Area = —x252x18 Award MO if their x coord of the focus is | M1
2 not doubled
= 2268 Cao Al
(©)
Total 11
ALT Last 2 marks by “shoelace” method:
1/-9 9 -9 -9
¢d 21126 0 —-126 126 Their coordinates with first and last the M1
L same
_|t e (0w % must be included
- ‘2 (9 x—126-9x126 ( Ix—126+ 9X126) Attempt to expand also needed
= 2268 Must be positive Al




Question

Scheme Notes Marks
Number
7(a) 1 V3
Ar=| 2 2 Correct matrix B1
B1
2 2
1)
(b) Rotation M1
Rotation —60° (anticlockwise) about the origin | —60° (anticlockwise) (Or 60° clockwise
or 300° (anticlockwise)) about (0, 0) Al
)
) n=12 Cao but can be embedded B1
B ie A =|
)
(d) 4 0 _
B= Correct matrix Bl
01
)
(e) J3 1
C=BA (4 Oj 22 Multiplies the right d M1
=BA = ultiplies the right way round.
0 1 1 @ p g y
2 2
233 -2
Correct matrix
€=l 1 B Accept unsimplified Al
2 2
)
() V3 1
det C = —2v/3x 2 E(_z) =4 Attempts determinant of C (or deduces
. AN . M1
.20 area scale factor is 4) and divides into 20
Soareaof Pis — = .
detC
=5 Cao Must follow a correct matrix in () | Al
)

Total 9




Question
Number

Scheme Notes

Marks

8

i(r+1)(r+2)

(@)

Zr2 +3r+2 :2+%n(n+1)(2n+1)+gn(n+1)+2n
r=0
M1: Attempt to use at least one of the standard formulae correctly

Al: For %n(n+1)(2n +1)+gn(n +1)+(2n or 2n+2)

Al:Fully correct expression

M1A1A1

%n(n+l)(2n+1)+gn(n+l)+2n+2=(n+l)[%n(2n+1)+gn+2}

Attempt to factorise (n +1)
It is a “show” question so this must be seen (in any equivalent form).

If their expression does not allow for factorising (n +1) score MO

M1

May obtain a cubic and extract a different

1 2
§(n+1)[n +5n+6] factorien+2orn+3

Cso At least one intermediate step in the

1
5(”+1)(”+2)(”+3)* working must be seen.

Al*

©)

(a)
Way 2

n n+1

Z(r +1)(r+2) :Zr(r +1)

r=0

_ Zr ir :%(n+1)(n+2)(2(n+1)+1)+%(n+1)(n+ 2)

M1: Attempt to use at least one of the standard formulae correctly withn=n+1
AL: For %(n+1)(n+2)(2(n+1)+1) Or%(n+1)(n+2)

Al:Fully correct expression

M1A1A1

%(n +1)(n+2)(2(n +1)+1)+%(n +1)(n+2)=(n +1)E(n +1)(2n+3)+%(n+2)}

Attempt to factorise (n +1) (see additional comments above)

M1

May obtain a cubic and extract a different

1 2
g(n+1)[n +5n+6] factorien+2orn+3

Cso At least one intermediate step in the

1 *
§(n+1)(n+2)(n+3) working must be seen.

Al*

(b)

Upper limit = 99 Correct upper limit

Bl

99 8
10x11+11x12+12x13+...+100x101 = (r+1)(r+2)— (r+1)(r+2)

Fully correct strategy for the sum using their upper limit for the first sum and upper limit 8
for the second in the result from (a). Lower limits 0 or 1

M1

- %(100)(101)(102)—%(9)(10)(11)

=343 070

Correct value

Al




@)

Total 8
Question Scheme Notes Marks
Number
9(i) u, =5x2"t—nx2"
n=1=u =5x2"-1x2=3 B1
(Shows the result is true for n = 1)
Assume true for n =k so that U, =5x 2" —k x 2
U, - 2(5>< oK1 5 Ok ) _ ok Attempts _um using the recurrence M1
relationship

=5x 2" —kx 2t — 2k Correct expanded expression Al
=5x2"—(k+1)2"" Achieves this result with no errors Al

If the result is true for n = k then it is true for n = k + 1. As the result has been shown to be

- . Alcso
true for n =1, then the result is true for all n.
The final mark depends on all except the B mark, though a check for n = 1 must have been
attempted.
_ (©)
(i) f(n) =5"2_4n-9
_ e Shows f(1) is divisible by 16
f(1)=125-4-9=112=16x7 Either of 112 or 16x 7 must be seen B1
Assume true for n = k so that5+*? — 4k —9 is divisible by 16
f(k +1):5k+3—4(k+1)—9 Attempts f(k + 1) M1
=5x (5“*2 —4k —9) +... Attempts to express in terms of f(k) dM1

=5x (5k+2 —4k — 9) +16k + 32 Correct expression for f(k + 1) Al

If the result is true for n = k then it is true for n = k + 1. As the result has been shown to be

- . Alcso
true for n =1, then the result is true for all n.
The final mark depends on all except the B mark, though a check for n = 1 must have been (5)

attempted

Total 10




HALT1 _ Cao Shows (1) is divisible by 16
(1) =125-4-9=112=16x7 Either of 112 or 16 x 7 must be seen B1
Assume 5% — 4k —9 s divisible by 16
_ igk+3 _0O_ k+2 _
f(k+1)—mf (k)=5"°-4(k+1)-9-m(5"* -4k —9) M1
Attempt f(k+1) — mf(k)
=(5- m)(5k+2 —4k —9) +... Attempts to express in terms of f(k) dm1
f(k+1)=5x (5k+2 —4k — 9) +16k +32 Correct expression for f(k + 1) Al
If the result is true for n = k then it is true for n =k + 1. As the result has been shown to be ALcso
true for n = 1, then the result is true for all n.
The final mark depends on all except the B mark, though a check for n = 1 must have been
attempted
iiALT 2 _ Cpae Shows (1) is divisible by 16
f(1)=125-4-9=112=16x7 Either of 112 or 16x7 must be seen | B1
Assume 5% — 4k —9 s divisible by 16
_ zk+3 o k+2 .
f(k+1)—f(k)=5°-4(k+1)-9—(5"? -4k —9) ML
Attempt f(k+1) — f(k)
f(k+1)—f(k)=5x5"?-5? -4k -4-9+4k+9
k+2 k+2 dMl
=4x5"7 —4=4(5"7-1)
Obtains a simplified expression for the difference and attempts to prove (5k+2 —1) is
divisible by 4 using induction
Correct proof for (5k+2 —1) being divisible by 4 and states that thus as the difference is AL
divisible by 16, f(k +1) is divisible by 16
If the result is true for n = k then it is true for n = k + 1. As the result has been shown to be Al
- . €S0
true for n = 1, then the result is true for all n.
The final mark depends on all except the B mark, though a check for n = 1 must have been
attempted
il ALT 3 _ Cpae Shows (1) is divisible by 16
(1) =125-4-9=112=16x7 Either of 112 or 16x7 must be seen | BL
f(k) is divisible by 16 so set f(k) =164
562 =164 + 4K +9 | M1
f(k+1)=5"°-4(k+1)-9
cio Expresses f(k + 1) in terms of A4 dM1
=5x5"" —4k -13=5(164+4k +9)-4k-13 and k and collects terms
_ Correct expression
=804 +16k +32 May have factor of 16 taken out Al
If the result is true for n = k then it is true for n = k + 1. As the result has been shown to be A1CSO

true for n = 1, then the result is true for all n.

The final mark depends on all except the B mark, though a check for n = 1 must have been
attempted




