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Qu | Answer | Mark | Comment
Section A
1 DetM =8 B1
M- 1{1 =3
=— B1
8\2 2
Area = 16 square units Bl
[3]
2(i) 1 _ 1 E(r+2)—(r+l)5 M1
r+l r+2 (r+1)(r+2) (r+1)(r+2) Al
(2]
u 1 u 1 1
2(ii —_ = - M1
@ | )+ 2) Z[(m) (r+2)
M1 First two terms in full.
=(5= )+ (1) (D o
+(L_ﬁ)+(ﬁ_ 12) M1 | Last two terms in full.
1 1 Al Give B4 for correct without working.
T2 n+2 [4]
30 | 322 +10x+7=0 M1 | Quadratic from equation
-7 .
x=—orx=-1 Al, 1 mark for each solution.
3 Al
[3]
3(ii) . :
Graph sketch or valid algebraic method. G2 or )
M2 | Sketch with y = andy=3x+4
x+2
Al or algebra to derive
_ > 3x+7 +1
2>x= 0 Bxx)lxet) L
Al (x+2)
orxz=-1 . . .
consideration of behaviour near
critical values of x.
Lose one mark if incorrect inequality
7
[4] symbol used in -2 > x = _E
Alternative
For sensible attempt but vertical
asymptote at
x = -2 not considered, give M1 only.
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Qu Answer Mark Comment
4 n n 1 M1,A1 | Separate sums
rz(r+2)= P2yt
Z 2 r=1
=%nz(n+1)2 +§n(n+1)(2n+l) M1,A1 | Use of formulae. Follow through
f i t ion in line 1.
=tn(n+1)[3n(n+l)+4(2n+l)] i rom incorrect expansion in line
= tn(n+1)(3n +11n+4) N Factorising
1.8.W. [6]
w=x+l=x=w-1 B1 Substitution. For substitution w = x-1
5 give BO but then follow through.
1Y +2(w-1) ~-1)-3=0
= (W ) * (W ) +(W ) Ml Substitute into cubic
=w 3w +3w-1+2w" —4w+2+w-1-3=0 Al,
Al,Al | Expansion
3 2 >
=w-w-3=0 Al | Simplifying

[6]
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5 Alternative
a+p+y=-2
af + By +oy =1 M1 Attempt to calculate these
v Al All correct
apy =3
Coefficients:
w’ =-1 Bl
B1
w=0 B1
constant = -3
Correct final cubic expression
W oWt —3=0 B1
(6]
Qu Answer Mark Comment
B1
® | For k=1,1x2"" and 1+(1-1)2" =1, so true
for k=1
Assume true for n =k El Explicit statement:
‘assume true for n =k’
Ignore irrelevant work
. k+1-1_ k M1 Attempt to find (k +1)th term
Next term 1is (k + 1) 2 = (k + 1) 2 Al Correct
Add to both sides
RHS = 1+(k-1)2" +(k+1)2* M1 | Add to both sides
Al Correct simplification of RHS
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=1+(k-1)2" +(k+1)2"

=142 (k=1+k+1)

=1+2"x2k

=1+2""%

=1+((k+1)-1)2"

But this is the given result with (k + 1)

replacing k.
Therefore if it is true for k it is true for (k + 1) .

Since it is true for k =1 itistruefork=1,2, 3,

El

El

(8]

Statement

‘if true for k, true for k + 1°, or
equivalent (only give if
simplification valid)

Relating to k = 1, accept ‘by
induction’

Section A Total:

36
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[4]

Section B
70 | x= 2 and -1 B1 Both.
[1]
7(i) x=2,x=-4andy=2 Bl,
B1,Bl1
[3]
7(iii) .. _ B1 Evidence of method needed for this
Large positive x, y —= 2 mark
(e.g. consider x=100) Bl '
Large negative x, y —2* ]?31
. (e.g. consider x=-100) [3]
7(iv) Curve
3 branches
Asymptotes marked Bl Consistent with their (iii)
Correctly located and no extra intercepts g}
[3]
2x-3 1
V) | y=2=2- (2x-3)(x+1)
(x+4)(x-2)
o2 Ay o162 2% — x—3 Ml Some attempt at rearrangement
13
=Xx= ? Al May be given retrospectively
13
From sketch, y<2forx=— or2>x>-4 Al
5 Bla Bl for 2> x> -4
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8()

8(ii)

8 (iii)

8(iv)

a+f=1+]j

af =(2-j)(-1+2j)

=-2+4j+j-27

=5]

a (2-j)(-1-2))  -2-4j+j+2f
B (-1+2j)(-1-2j) 5

-4 3 —4-3j

=———J] or

55 5

r=|a|=J§

0 =arga =-0.464

Circle, centre 2 - j, radius 2

Half line from -1+ 2j, making an angle of %

to the positive real axis.

B1

M1
Al

M1,
Al

Al
[6]

B1
B1

[2]

B1
B1

[2]

B1
B1
(2]

Use of conjugate of denominator

Accept degree equivalent (-26.6°)

Argand diagram with circle. 1 mark
for centre, one mark for radius.

Argand diagram with half line.
One mark for angle.
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Qu | Answer | Mark | Comment
Section B (continued)
9(i) 1 0 B1
M’ = =1
0 1
(1]
9(ii) | M’ gives the identity because a reflection,
followed by a second reflection in the same El
mirror line will get you back where you started
OR reflection matrices are self-inverse. [1]
i) | 08 06\/x| (x
(0.8 —0.6)(y) B (y)
=0.8x+0.6y=x M1 | Give both marks for either equation
Al '
and 0.6x—08y = y or for a correct geometrical argument
1
Both of these lead toy = —x
3 Al
as the equation of the mirror line. ;3
9(iv)
Rotation, centre origin, 36.9° anticlockwise. B1,B1 | One for rotation and centre, one for
[2] angle and sense. Accept 323.1°
clockwise or radian equivalents
(0.644 or 5.64).
9(v)
MP 1 0 M1,
“lo - Al
(2]
Bl
9(vi (1]
o |,
Section B Total: 36
Total: 72
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Section A
1(i) Lo1(2 -3 M1 | Dividing by determinant
501 4 Al
1G) | 12 -3)(5 x) 1( 22 M
sl-1 4 )\-4) v 521 Pre-multiplying by their inverse
22 -21
RO AP AL(ft)
> > Follow through use of their
’ inverse
A[l 5(]f R No marks for solving without
using inverse matrix
2 | 4-j,4+] M1 | Use of quadratic formula
A1 Both roots correct
[2]
.. M1 Attempt to find modulus and
V17 (c0s0.245 + jsin 0.245) argument
\/ﬁ(cos 0.245— jsin 0‘245) F1, | One mark for each root
F1 | Accept (r, 6)form
3] Allow any correct arguments in
radians or degrees, including
negatives: 6.04, 14.0°, 346 .
Accuracy at least 2s.f.
S.C. F1 for consistent use of their
incorrect modulus or argument
(not both, F0)
3 3 1)\ x X M1 3 -1)\(x X .
= =>x=3x—-y, y=2x A1 M1 for = (allow if
2 0 )\y ¥ 2 0 /)\y y
= y=2x implied)
A1 3 -1\ k K
3 = can lead to
3] 2 0 )\ mk mK
full marks if correctly used. Lose
second A1 if answer includes two
lines
4(i) a+f=2 af =4 B1 Both
M1A1 | Accept method involving
AGi) | &’ +p° =(a+p) —2af=4-8=—4 (fty | calculation of roots
4(iii) _ o
Sum of roots = 2a+28=2(a+ ) =4 M1 Or substitution method, or method
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Product of roots = 2ax2 4 =4aff =16 involving calculation of roots
2 p—
¥ —4x+16=0 A1(ft) | The =0, or equivalent, is
[5] necessary for final A1
5() | Sketch of Argand diagram with:
Circle must not touch either axis.
Point 3+4j. BT | BI max ifno labelling or scales.
Circle, radius 2. [821] Award even if centre incorrect.
S(ii) :
Half-line: B1
Starting from (4, 0) B1
Vertically upwards [2]
5(iii)
Points where line crosses circle clearly B1
indicated. [11 | Identifying 2 points where their

LS .
(‘7}\ ) (:7— 'l*\ ;‘72_

\Theia
. fol.«* s
o /

Top

line cuts the circle
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Qu Answer Mark Comment
Section A (continued)
6 | For k=1,1"=1and 11’ (1+1)’ =1, so true for Bl
k=1
Assume true for n=k Assuming true for &, (k +1)th term
Bl |-
for alternative statement, give this
Next term is (k + 1)3 mark if whole argument logically
Bl correct
Add to both sides
RHS = &% (k+1)" +(k+1)’ M1
=%(k+1)2|:k2+4(k+1)] Add to both sides
=+(k+1) (k+2) ML | Factor of (k+1)’
—L(k+1) (( k+1)+ 1)2 Allow alternative correct methods
But this is the given result with (k+1) Al | For fully convincing algebra
replacing k. leading to true for £ = true for k
Therefore if it is true for k it is true for +1
(k +1) . Since it is true for k£ =1 it is true for
k=1,2.3,.... Accept ‘Therefore true by
E1 1 induction’ only if previous Al
7] awarded
S.C. Give E1 if convincing
explanation of induction
following acknowledgement of
earlier error
7 32 y2— 32 r MI1,A | Separate sums
1
— 3%l _3xl
—3x6n(n+l)(2n+l) 3><2n(n+1) Use of formulae
zén(n+1)[(2n+l)—3] MIL,A
= tn(n+1)(2n-2) 1 Attgmpt to factorise, only if
earlier M marks awarded
:n(n+1)(n—1) M1
Must be fully factorised
Al
c.a.0.
[6]

Section A Total: 36
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8() | x=2andy=1 Bl1, | -1 ifany others given. Accept
B1 | min of 2s.f. accuracy
.. + 2]
" 1
8Gi) | Large pos‘mve AR Approaches horizontal asymptote,
(e.g. consider x=100) M1 | not inconsistent with their (i)
Large negative x, y >3
(e.g. consider x=-100) Al Correct approaches
8(ii) | Cyrye Reasonable attempt to justify
E1l | approaches
. 3
x =2 shown with correct approaches Bl
y =1 shown with correct approaches BI(f)
from bel left, ab ight). . .
(from below on left, above on right) BI(ft) 1 for each branch, consistent with
(2, 0), (-2, 0) and (0, -1) shown BI(ft) horizontal asymptote in (i) or (ii)
B1 Both x intercepts
‘ 2 B1 |y intercept
I et [5] (give these marks if coordinates
' shown in workings, even if not
: shown on graph)
Y %’ _________ — 4+ — - _/__E -
;\ ' Yy 2 L
N
8(iv) oy
—l=—2:>—9x2 +12x—4=x>-4
(3x - 2)
=10x" -12x=0
= 2x(5x - 6) =0
=>x=0o0rx=2¢ M1 | Reasonable attempt at solving
inequality
From sketch,
yz-lforx<0 Both values — give for seeing 0
Al n .
andx > ¢ and 2, even if inequalities are
wrong
B1
For x<0
F1

[4]

Lose only one mark if any strict
ineaualities given
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9G) | 2-] Bl
2j Bl
2]
D) | (o y(x-2+ ) (x+2))(x-2)) Ml .
] J J J M1 | M1 for each attempted factor pair
=(x" —4x+5)(x* +4) Al Al
A1 for each quadratic - follow
=x" —4x’ +9x’ —16x +20 through sign errors
Ad
SoA=-4,B=9,C=-16and D=20 Minus 1 each error — follow
[8] | through sign errors only
OR | _A- z a=4—A=-4 M1, | Mls for reasonable attempt to find
Al sums
B=Yof=9=B=9 ML, o .
Al | S.C. If one sign incorrect, give
total of A3 for A, B, C, D values
—C= Zaﬁy =16=C=-16 M1, | If more than one sign incorrect,
Al give total of A2 for A, B, C, D
D=) afys=20=D=20 M1, | values
Al
[8]
OR | Attempt to substitute two correct roots into Ml One for each root
x'+ A+ B +Cx+D =0 Ml
Produce 2 correct equations in two A2 | One for each equation
unknowns A4 One mark for each correct.

A=-4,B=9,C=-16,D=20

S.C. If one sign incorrect, give
total of A3 for A, B, C, D values

If more than one sign incorrect, give
total of A2 for A, B, C, D values
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10(i)
Z; - Z 1.2 n o Give if implied by later working
S r(re)(r+2) Sl (r+l) (r+2) M1
1 2 1 1 2 1 1 2 1 » _
=l ———t+— |+ ———+— |+ ———+— |+ Writing out terms in full, at least three
1 2 3 2 3 4 3 45 terms
+( 1 2 . 1 jJr( 1 2 . 1 j ML 1 All terms correct. Al for at least two
"""" n-1 n n+l n n+l n+2 A2 correct
— 1 _ % + l 1 _ 2 + 1 Attempt at cancelling terms
1 2 2 n+l n+l n+2 Correct terms retained (minus 1 each
1 1 1 M1 |error)
2 - n+l1 " n+2 A3 . . .
Attempt at single fraction leading to
_ l _ 1 given answer.
2 (n+1)(n+2) M1
10(ii)
1 1 1
+ + +... 91
Ix2x3 2x3x4 3x4x5
| ) 111 1 MI relating to previous sum, M1 for
=) — = - recognising that
23 r(r+)(r+2) 22 (n+1)(n+2) )
——— > 0asn >
ML | (n+1)(n+2)
Ml (could be implied)

1 1 1
= + + +...
I1x2x3 2x3x4 3x4x5

!
4

Al

[3]




PMT

Mark Scheme 4755
January 2006



PMT

Section A
4 -6
1(i) 2B= 5 3 , A + C is impossible, BI1
Bl
3.1 M1, Al | CA 3x2 matrix M1
CA=|2 4|,A- 2) Bl
1 2
[5]
1(ii) AB = 4 3)2 3 _ 11 0
I 2)\1 4 4 5
) 3\(4 3 5 0 Ml Or AC impossible, or student’s
BA = B J[ ) =( J own correct example. Allow M1
1 4)\1 2) \8 11 even if slip in multiplication
AB = BA
El Meaning of commutative
2]
2(i) T . B1
zl = a +b , Z =d -b
=l ), = =a- Bl
2]
2(i) zz' =(a+bj)(a-bj)=a’ +b’ M1 | Serious attempt to find zz°,
consistent with their z"
Ml
:>zz*—|z|2:a2+b2—(a2+b2)= Al . ) )
ft their |z| in subtraction
131
All correct
3 n n
2
Z;(r +1)(r-1)= Z_l:(r - 1) M1 | Condone missing brackets
L (n+1)(2n+1)-n M1, | Attempt to use standard results
6 Al, Al | Each part correct
1
=—n[(n+1)(2n+1)-6]
6
Ml Attempt to collect terms with

=én(2n2 +3n—5)

=én(2n+5)(n—l)

Al
[6]

common denominator

C.a.o0.
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4G) | 6x-2y=a B1
Bl
3x+y=>b
2]
4(ii) )
Determinant = 0 B1
The equations have no solutions or infinitely El No solution
many solutions. El or infinitely many solutions
Give E2 for ‘no unique solution’
s.c. 1: Determinant = 12, allow
‘unique solution’ BO E1 EO
1
s.c. 2: Determinant = — give
131 0
maximum of B0 El
50) | a+B+y=-3, aff+py+ya=-7, affy =-1 B2 Minus 1 each error to minimum
. [2] | of O
S(i) Coefficients 4, B and C
-B
20+20+2y =2x-3=-6= o M1 | Attempt to use sums and
c products of roots
2a><2,6’+2ﬂ><27/+2y><2a:4><—7:—28=Z
-D
20(><2,8><27:8><—1=—8=7
=x +6x"—28x+8=0
A3 ft their coefficients, minus one
each error (including ‘=0’
missing), to minimum of 0
OR [4]
p— p— a) . .
w=2x=x= B M1 | Attempt at substitution
N ) Al Correct substitution
(5] (3] {50
2 2 2 Al Substitute into cubic (ft)
® 30 T
8 4 2
= +60° -280+8=0
Al

[4]

c.a.o.
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d 1 n
)y

= r(r+1):n+1

n=1,LHS = RHS = +

[\

Assume true forn =k

. 1
Next t e
ext term is (k+1)(k+2)
Add to both sides

RHS = k !

k+1+(k+1)(k+2)
k(k+2)+1
(k+1)(k+2)

K+ 2k +1

(k+1)2
(k+1)(k+2)

k+1
Tki2

But this is the given result with £ + 1
replacing k. Therefore if it is true for k it is
true for k+ 1. Since it is true for k=1, it is

true fork=1,2,3

B1
El

Bl

Ml

Al

El

El
[71

Assuming true for k (must be
explicit)
(k+ 1)™ term seen c.a.o.

Add to L (ft)
k+1

c.a.0. with correct working

True for k, therefore true for k£ + 1

(dependent on kel seen)
k+2

Complee argument

Section A Total: 36 |




PMT

73)

7(ii)

7(ii)

7(iv)

7(v)

Section B
3+x’ 20 for any real x.

y=-1,x=2,x==-2

Large positive x, y — -1~
(e.g. consider x=100)
Large negative x, y —> -1~
(e.g. consider x=-100)

Curve
3 branches correct
Asymptotes labelled

Intercept labelled
9
xz-py A 1 X=L
! i
!
| !
[ !
3
t -~ |
! r ' %’L
—_—.'_l""—"——-———-_
] A
) | -
t | j
! !
| |
! !
! |
2

AL S S S 3

4—x

=11=x"

= x=()W11

From graph, —/11<x<-2or2<x<+11

El
1]

B1, Bl
Bl
[3]
MI

B1

2]

Bl
Bl

Bl

3]

Ml

Al

B1
Al

[4]

Evidence of method required
From below on each side c.a.o.

Consistent with (i) and their (ii),
(i)

Consistent with (i) and their (ii),
(i)

Labels may be on axes

Lose 1 mark if graph not
symmetrical

May be written in script

Reasonable attempt to solve

Accept NI

x<-2 and 2 < x seen

C.a.o.
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8(1)

8(ii)

8(iii)

o =(1+j) =2]

o =(1+])2j=-2+2j
2432+ pz+g=0
=2j-2+3x2j+p(l+j)+¢g=0

=>@8+p)j+p+q-2=0
p=-8andp+¢g-2=0=¢4=10

1-j must also be a root.

The roots must sum to —3, so the other root

1S

z=-5
:D“/F
1+
— 7\
’S [ ZQ

=)

M1, Al
Al
Ml
Ml

Al
6]
Bl

Ml
Al

13]

B2

2]

Substitute their ¢ and &’ into
cubic

Equate real and imaginary parts to
0

Results obtained correctly

Any valid method
c.a.o.

Argand diagram with all three
roots clearly shown; minus 1 for
each error to minimum of 0

ft their real root
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Section B (continued)

9(i)

9(ii)

9(iii)

9(iv)

9(v)

9(vi)

9(vii)

(25,50)

)

All such lines are parallel to the x-axis.

All such lines are parallel to y =2x.

S S
[ [\.)|>—A

1

0 —
det 2 :Oxl—Ox%:O
0 1

Transformation many to one.

Bl
[1]

BI,
Bl

2]
B1
[1]

B1
1]

Bl
1]

B3

131

MI

E2

3]

Or equivalent

Or equivalent

Minus 1 each error
s.c. Allow 1 for reasonable
attempt but incorrect working

Attempt to show determinant = 0
or other valid argument

May be awarded without previous
M1

Allow E1 for ‘transformation has
no inverse’ or other partial
explanation

Section B Total: 36

Total: 72
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Qu | Answer Mark Comment
Section A
1 (i) | Reflection in the x-axis. B1
[1]
0 -1
1(ii) L o [51}
1 0)0 -1 0 -1 M1 Multiplication of their matrices in
1(iii) o —1)l1 o = 1 0 the correct order
A1 or B2 for correct matrix without
c.a.o. | working
[2]
5 | (x+2)(4x* +Bx+C)+D
= Ax’ + Bx" + Cx +2A4x* +2Bx+2C+ D _ _
, 5 M1 | Valid method to find all
=Ax’ +(24+B)x* +(2B+C)x+2C+D coefficients
B1
=4=2 B=-7,C=15 D=-32 B1 |ForA=2
F1 For D =-32
F1 F1 for each of Band C
OR
B5
For all correct
[5]
3G) | a+pB+y=-4 B1
off + py+ay=-3 B1
B1
afy =-1
[3]
2
3(ii) M1 | Attempt to use (a+B+7)
o+ By’ =(a+B+y) —2(af+ Py +ay) A1 | Correct
=16+6=22 E1 | Result shown
31
4 (i) | Argand diagram with solid circle, centre 3 —j, B1 Circle, radius 3, shown on
radius 3, with values of z on and within the B1 diagram
circle clearly indicated as satisfying the B1 Circle centred on 3 - j
inequality. Solution set indicated (solid circle
— e [3] | with region inside)
aiiy | T (Els Sk
ounks bowdeng but B1
B1 Hole, radius 1, shown on diagram
[2] | Boundaries dealt with correctly
- 4
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Qu | 4 ower Mark Comment
Section A (continued)
4(iii) B1 Line through their 3 — j
Im B1 Half line
T .
/ BA1 7 to real axis
ok A
AT — o
(i) -1 2)(1) (1 B1
-3 4)1) 1
S 14 =2 M1, | Attempt to divide by determinant
203 -1 and manipulate contents
A1 Correct
l 4 -21\(1 _ 1 E1
2\3 —1)\1 1
[4]
5(ii) T[XJ _ (xJ
y y
1" =17 "
= )Ty M1 | Pre-multiply by T
(-C)
= =T
y y
Al Invariance shown
[2]
6 | 346412+ +3x2"" =3(2" -1)
n=1,LHS =3, RHS =3
B1
Assume trl.Je for n = k E1 Assuming true for &
Next term is 3x 2" =3x2* B1 | (k+1)" term.
Add to both sides
RHS=3(2" ~1)+3x2" M1 | Add to both sides
=3(2 -1+2")
=3(2x2"-1)
=3(2'-1)
A1 Working must be valid
But this is the given result with k + 1 E1 .
replacing k. Therefore if it is true for k it is Dependent on previous Aland E1
true for k + 1. Since itis true for k=1, itis E1

true for all positive integers n.

[7]

Dependent on B1 and previous El

Section A Total: 36
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Section B
7(i) x=2,x=-1and y=1 B1 One mark for each
B1B1
[3]
7(ii)
() | Large positive 1* (from above
ge postive X, .y = ( ve) M1 | Evidence of method needed for
B) (e.g. consider x=100) B1 M1
Large negative x, y —> 1" (from below) B1
(e.g. consider x=-100) [3]
7(iii)
Curve
3 branches B1 )
With correct approaches to
Correct approaches to horizontal B1 | vertical asymptotes )
asymptote B1 Con3|_stent with their (i) and (ii)
Asymptotes marked B1 | Equations or values at axes clear
Through origin [4]
x=
1
!
— _:_ - - - - --ng\
|
Z
i
[}
[
7(iv) B1B1,
x<-l, x>2 B1, | s.c. 1 forinclusive inequalities
[3] | Final B1 for all correct with no
other solutions
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81 | (2+j)" =3+4; Bl
(2+j) =2+11j Bl
Substituting into 2x° —11x° +22x—15; MI | Attempt at substitution
2(2+115) - 11(3+4j)+22(2+j)-15 Al | Correctly substituted
=4+22j-33-44j+44+22j-15
Al Correctly cancelled
=0 N (Or other valid methods)
So 2 +jis aroot.
[5]
8(ii) | - _: Bl
27 [1]
8(iii) (x=(2+j))(x=(2-1])) M1 | Use of factor theorem
=(x-2-j)(x-2+))
=x" —2x+jx—2x+4-2j— jx+2j+1
=x"—4x+5 Al
(x2 —4x+ 5)(ax +b) =2x" —11x" +22x - 15 M1 | Comparing coefficients or long
R , ) division
(x" —4x+5)(2x-3) =22 ~11x* +22x 15
3 Al
(2x-3)=0=x= 5 [4] Correct third root
OR
11 15
Sum of roots = — or product of roots = — M1
2 2 Al
leading to
. .11 M1
a+2+j+2—-)] =—
2
2 [4]
or
. ~ 15 M1
a(2+))(2-j)== Al
15 3
= == M1
=S = 2 Al (Or other valid methods)

[4]
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90 | r(r+1)(r+2)-(r-1)r(r+1
( , )( ) ( \ ) ( ) M1 | Accept ‘=" in place of ‘=’
E(” +”)(r+2)—” —r throughout working
= +2r 4+ +2r—r’ +r
=3r" +3r=3r(r+1) E1 | Clearly shown
2]
2(iD) y r(r+1)
r=1
1 n
:EZ[F(”“)(”Z)—(”—l)r(r+1)] M1 | Using identity from (i)
r=1
1
:3[(1X2>(3_0X1X2)+(2X3X4_1X2X3)+ M1 | Writing out terms in full
(3x4x5-2x3x4)+ ... A2 | Atleast 3 terms correct (minus 1
each error to minimum of 0)
+(n(n+1)(n+2)—(n—1)n(n+1))]
1 M1 ,(At\ttlempt gt el)iminating terms
. elescoping
=§n(n+1)(n+2) or equivalent Al Correct result
[6]
9(iii)
ir(r+l)zzn:r2 +Zn:r
r=1 r=1 r=1
1 1
=—n(n+l)(2n+l)+—n(n+l)
f 2 B1 Use of standard sums (1 mark
:gn(n+l)[(2n+l)+3] Bl each)
1 Ml Attempt to combine
=gn(n+l)(2n+4) Al
=%n(n+1)(n+2) or equivalent El

[5]

Correctly simplified to match
result from (ii)

Section B Total: 36

Total: 72
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Qu Answer Mark Comment
Section A
1 The statement is false. The ‘if” part is true, but M1 ‘False’, with attempted
the ‘only if” is false since x = —2 also satisfies justification (may be implied)
the equation. A1 Correct justification
[2]
2(i) 4+-J16-28 M1 Attempt to use quadratic formula
I — or other valid method
f/_ A1 Correct
4+4/12 . :
T, 1T 243] A1 | Unsimplified form.
A1 Fully simplified form.
2(i) o [4]
~N
2
‘ X Z+EO
B1(ft) | One correct, with correct labelling
PG Tz oRe B1(ft) | Other in correct relative position
-1 s.c. give B1 if both points
. x 2-J3 consistent with (i) but no/incorrect
[2] | labelling
3(i)
I
29 , B3 Points correctly plotted
N A © B1 Points correctly labelled
. .
1=
SR
ELSE
2 0112y (22 4 M1 | Applying matrix to points
0 L)\2 0 2) (1 01 A1 | Minus 1 each error
[4]
3(ii) | Stretch, factor 2 in x-direction, stretch factor _ _
half in y-direction. B1 1 mark for stretch (withhold if
rotation, reflection or translation
mentioned incorrectly)
B1 1 mark for each factor and
B1 direction
[3]
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4 n R n N n
Z”(V +1) = Zr +Zr M1 Separate into two sums (may be
! ! ! implied by later working)
:an(nH)z +ln(n+1) M1 | Use of standard results
4 2 A1 Correct
1 M1 Attempt to factorise (dependent
=—n(n+1)[n(n+1)+2] on previous M marks)
4 A1 Factor of n(n + 1)
1
:Z”(”H)(”z*"”z) A1 |c.a.o.
[6]
-1
5 O=2x+1=x=—— M1 | Attempt to give substitution
, R A1 | Correct
2(“’—1) _3(60—1) +(0)—1]_4:0 M1 | Substitute into cubic
2 2 2 _
1 i 3, Al(ft) | Cubic tgrm
= Z(a) -3w +3a)—1)—z(a) —2a)+1) Al(ft) Quadratic term
1
+—(w-1)-4=0
~(0-1)
=0 -6 +11lw-22=0 A2 | Minus 1 each error (missing ‘= 0’
is an error)
[7]
5 |OR
3
a+fty= 5 M1 | Attempt to find sums and
products of roots
aff +ay + Py = !
2 A1 All correct
afly =2
Let new roots be k, I, m then
k+l+m=2(a+ﬂ+7)+3=6=% M1 Use of sum of roots
K+ fom + Im :4(aﬂ+a7+ﬂ7/)+ M1 Use of sum of product of roots in
4(a+,8+7)+3=11=% pairs
kim = 8afy +4(afp+ By + By) M1 | Use of product of roots
+2(a+/3+;/)+1:22:§
A2 Minus 1 each error (missing ‘=0’

> -6 +110-22=0

(7]

is an error)
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6
Zr =Lin(n+1)(2n+1)
n=1,LHS = RHS = 1 B1
Assume true for n j k M1 | Assuming true for .
Next term is (k+1) B1 | (k+ I)th term.

Add to both sides

RHS = Lk (k+1)(2k +1) + (k +1) M1 | Add to both sides

=4 (k+1)[k(2k +1)+6(k +1)] M1 | Attempt to factorise

=L(k+1)[2k* + Tk + 6]

= L(k+1)(k+2)(2k +3) A1 | Correct brackets required — also
allow correct unfactorised form

=1(k+1)((k+1)+1)(2(k+1)+1) E1 | Showing this is the expression with

But this is the given result with k + 1 n=k+l

replacing k. Therefore if it is true for k it is
true for k+ 1. Since itis true for k=1, itis
true fork=1,2,3 E1

and so true for all positive integers. Only if both previous E marks

awarded

8]

Section A Total: 36
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Section B
7(i) 5 Bl
y= 3 (1]
7(ii) x=-2,x=4,y=0 B1,
B1
B1
see [3]
73D | 3 correct branches Etf y
Correct, labelled asymptotes B1 Ft from (!')
y-intercept labelled g] rom (i)
X=-2L { x =
I !
' |
| l
| p |
R A
l |
| 3]
i
| i
5
v | Gr2)@—n
7Gv) | (% Or evidence of other valid method
:>5=(x+2)(4—x) M1
—=5=—x"+2x+8
=x'-2x-3=0
:>(x—3)(x+1)=0
=x=3orx=-1 Both values
A1
From graph:
x<-=2 or
-l<x<3 or B1 Ft from previous A1
x>4 B1 Penalise inclusive inequalities
B1 only once

[5]
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8 | I 1 —4-2j M1 | Attempt to muI_tipIy top and
m —4+2j (-4+2j)(-4-2j) bottom by conjugate
-1 1
~ 5 10! Al | Orequivalent
2]
8(“) |I’I’l| 2\’(—4)2 +22 2\/% B1
1
argm = 7z — arctan (—j =2.68 M1 | Attempt to calculate angle
2 Al Accept any correct expression for
angle, including 153.4 degrees, —
206 degrees and —3.61 (must be
at least 3s.f.)
S0 m =/20 (cos2.68+ jsin 2.68) Al(f) | Also accept (r, 9) form
[4]
8(iii) ‘ /‘
) 5’
: : ' / B1 Correct initial point
, o/l Bl Half-line at correct angle
— 4 1, 2]
_; -'1. ° % z&»
8(iii) '
(B) Shaded region,
excluding Bty | Correct horizontal half-line from
boundaries starting point
BI(ft) Correct region indicated
BI(ft) Boundaries excluded (accept
‘ dotted lines)
‘.(‘ >y (= Ed (L.. [3]
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Qu Answer Mark Comment
Section B (continued)
9(i) L1 =2 M1 Dividing by determinant
M =— A1 One for each inverse c.a.o.
30 3
A1
N4 13]
7 -1 1
o 2\(1 - -1
9(i) | MN = 3 3 = > M1 Must multiply in correct order
0 1){1 4 1 4
A1
141 A1 Ft from MN
(MN) =—
21\ -1 5
NM 1(4 3 Xl 1 =2 Ml Multiplication in correct order
7021 1) 30 3 Al | Ftfrom (i)
1(4 1
2101 5
. Al Statement of equivalence to
[6]
-1 -1 -1
oGii) | (PQ) PQQ"=1Q
-1 _
=(PQ) PI=Q" M1 1
-1 _1 M1 QQ_ =1
= (PQ) P=Q Correctly eliminate | from LHS
-1 -1 “1p-1 M1
=(PQ) PP'=Q'P Post-multiply both sides by P at
~ (PQ)fl 1=Q'p" an appropriate point
=(PQ) =Q'P" A1
Correct and complete argument
[4]

Section B Total: 36

Total: 72
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Section A
L, 13 1 M1 Attempt to find determinant
1 (M =3l Al
2]
1(ii) | 20 square units B1 2 x their determinant

1

2 |Z—(3—2j)|=2 Bl zi(3—2j) seen
Bl radius = 2 seen
B1 Correct use of modulus

3]

3 x3—4=(x—1)(Ax2+Bx+C)+D _ .
M1 | Attempt at equating coefficients or
=x' -4=Ax"+(B-4)x’+(C-B)x-C+D long division (may be implied)
B1 For4=1
=>A=1,B=1,C=1,D=-3
B1 B1 for each of B, C and D
B1
Bl

[S]

4(i) Im
i\
o
B1 One for each correctly shown.
e R B1 s.c. B1 if not labelled correctly but
g% -1 2] position correct
-]
A _
@) aff =(1- 2j)(—2 - j) =—4+43j M1 | Attempt to multiply

Al
2]

4(ii) | o+ p _ (a+p)pB _ af’ +pp _5j+5 je1 | Ml Appropriate attempt to use

o) pB LB 5 conjugate, or other valid method

Al 5 in denominator or correct working
consistent with their method

Al All correct

[3]
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5 Scheme A
w Substitution. For substitution x = 3w
w=3x=x=— Bl | give B0 but then follow through for a
maximum of 3 marks
3 2
= (;) +3 (;j =7 (?j +1=0 M1 | Substitute into cubic
=>W +9w’ —63w+27=0 A3 Correct coefficients consistent with
x’ coefficient, minus 1 each error
OR Al Correct cubic equation c.a.o.
[6]
Scheme B
a+p+y=-3
_ M1 | Attempt to find sums and products of
afp +ay+fy =1 roots (at least two of three)
afly =-1
Let new roots be £, [, m then
-B M1 | Attempt to use sums and products of
k+l+m= 3(05 +p+ 7) =-9= 7 roots of original equation to find
c sums and products of roots in related
Kl + km + Im =9(a,8+a}/+ﬁ;/)=—63=z equation
-D A3 Correct coefficients consistent with
kim =2T7afy =27 = o x’ coefficient, minus 1 each error
=0 +99* —-63w+27=0 Al Correct cubic equation c.a.o.
[6]
6(i) 1 1 r+3— ( r+ 2) 1 Ml Attempt at common denominator
r12 743 (r42)(r43) (r+2)(r+3) ‘[L;
6(ii)
i 1 _ i{ 11 } Ml Correct use of part (i) (may be
o (r+2)(r+3) olLr+2 r+3 implied)
1 1 1 1 1 1
= (———j+(———) +(———) +oan M1, | First two terms in full
3 4 4 5 5 6
1 1 1 1 Ml Last two terms in full (allow in terms
N A s = of n)
51 52 52 53
_ l B L _ ﬂ Al Give B4 for correct without working
3 53 159 Allow 0.314 (3s.f.)

[4]
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7 23,,,1 31
r=1 2
n=1,LHS=RHS =1 B1
Assume true forn = k El Assuming true for &
Next term is 3" M1 | Attempt to add 3* to RHS
Add to both sides
-1,
RHS = +3
3 -142x3"
2
_ 3x 3F -1
2
3k+1 _1 . .
= Al c.a.0. with correct simplification
2
But this is the given result with £ + 1 replacing El Dependent on previous E1 and
k. Therefore if it is true for £ it is true for £+ 1. immediately previous Al
Since it is true for k=1, it is true for k=1, 2, 3
and so true for all positive integers. El Dependent on B1 and both previous
E marks
[6]

Section A Total: 36
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Section B
8(i) -4 BI 1 mark for each
(27 0)9 (_27 O)) (07 ? Bl —4
Bl s.c. B2 for 2, -2, —
8(ii) 3] .
x=3,x=-Lx=1y=0 B4 Minus 1 for each error
[4]
8(iii)
Large positive x, y — 0", approach from above B1 | Direction of approach must be clear
(e.g. consider x=100) for each B mark
Large negative x, y — 07, approach from below Bl
(e.g. consider x =-100) M1 | Evidence of method required
e 13
8(iv) | Curve _ .
4 branches correct B2 Minus 1 each error, min 0
Asymptotes correct and labelled Bl
Intercepts labelled Bl

I

1
[}
1
|
1
i
l
|
' 2¢
2\ 3l
1
|
|
1
!
b
1

[4]
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9G) | x=1-2j Bl
1]
9(ii) | Complex roots occur in conjugate pairs. A cubic
has three roots, so one must be real. Or, valid
argument involving graph of a cubic or El
behaviour for large positive and large negative
X. 1]
9(iii)
Scheme A
(x—1-2j)(x—1+2j)=x>-2x+5 M1 | Attempt to use factor theorem
) , ) Al Correct factors
(x—a )(x —2x+5 ) =X+ Ax"+ Bx+15 Al(ft) | Correct quadratic(using their factors)
comparing constant term: M1 | Use of factor involving real root
Sa=15=a=-3 M1 Comparing constant term
So real root is x =-3 Al(ft) | From their quadratic
(x+3)(x2 —2x+5)=x3 + Ax* + Bx+15
M1 Expand LHS
=X +x—x+15=x"+ Ax* + Bx+15 Ml Compare coefficients
= A=1,B=-1 Al 1 mark for both values
OR 91
Scheme B
Product of roots = —15 Ml
Al Attempt to use product of roots
(1+2j)(1-2j) =5 M1 | Productis 15
Al Multiplying complex roots
=5a=-15 Al
=>a=-3 Al c.a.0.
Sum of roots =-4
= -A=1+2j+1-2j-3=-1= A4=1 M1 Attempt to use sum of roots
Substitute root x = —3 into cubic M1 | Attempt to substitute, or to use sum
(-3) +(-3) -3B+15=0=B=-1
A=1and B=-1 Al c.a.0.
9
OR Pl
Scheme C
a=-3 6 As scheme A, or other valid method
(1+2§) + A(1+2§)" + B(1+2§) +15=0 M1 | Attempt to substitute root
= A3 +4)+B(1+2)+4-2j=0 M1 | Attempt to equate real and imaginary
= 34A+B+4=0and 44+2B-2=0 parts, or equivalent.
= A=land B=-1 Al c.a.o.
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Section B (continued)

103i)

10(i)

10
(iii)

1 =2 k(-5 —2+2k —-4-k
AB=|2 1 2| 8 -—1-3k -2+2%
3 2 —1)\1 -8 5
k-21 0 0
= 0 k-21 0
0 0 k-21
n=21
-5 2+2k -4-k
1
A'l=—| 8 —1-3k -—2+2k
k-21
- 5
k=#21
Scheme A
-5 0 =5\1 -20 1
L8—4012=L—40=2
-20 -20
1 -8 5 -80 4

OR
Scheme B
Attempt to eliminate 2 variables

Substitute in their value to attempt to find others
x=1,y=2,z=4

Ml

Al
2]

Ml
Ml
Al

Al

[4]

Ml
M1

A3
5]

M1
M1
A3

[5]

Attempt to multiply matrices
(can be implied)

Use of B
Attempt to use their answer to (i)
Correct inverse

Accept n in place of 21 for full
marks

Attempt to use inverse
Their inverse with £ =1

One for each correct (ft)

s.c. award 2 marks only for
x =1, y=2, z =4 with no working.

Section B Total: 36

Total: 72
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4755 (FP1) Further Concepts for Advanced Mathematics
Qu |Answer |Mark | Comment
Section A
16) BA 3 1Y)2 -1 6 0
1 = = .
5 4llo 3 4 14 M1 Attempt to multiply
A1 c.a.o.
[2]
1(ii) | detBA =(6x14)—(-4x0)=284 M1 | Attempt to calculate any
A1 determinant
3x 84 =252 square units A1(ft) | c.a.o.
[3] | Correct area
2(1) | o2 :(_3+4j)(_3+4j):(_7_24j) M1 | Attempt to multiply with use of
P=-1
A1 c.a.o.
[2]
2i) | |o|=5 51
argq = —arctan 3 = 2.21 (2d.p.) (or B1 | Accept2.2 or 127
126.87°)
A td d 0) f
o =5(cos2.21+ jsin2.21) B1(ft) | Accept degrees and (r, 0) form
s.c. lose 1 mark only if o’ used
throughout (ii)
[3]
30) | 3 +32-7x3-15=0 B1 Showing 3 satisfies the equation
(may be implied)
3 B 2 M1 | Valid attempt to factorise
242" ~7z-15=(2-3)(2" +42+5) A1 | Correct quadratic factor
4+ /16— 20 M1 Use of quadratic formula, or other
z= % =2+ valid method
) ) A1 One mark for both c.a.o.
So other roots are -2+ jand —2—j
[S]
3(ii) i
~ ‘1\ B2 Minus 1 for each error
= T ; > ft provided conjugate imaginary
oo : roots
2]
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4 n n ) n
Z[(”+1)(r_2)] :Z” —Zr—Zn M1 | Attempt to split sum up
r=1 r=1 r=1
=%n(n+l)(2n+l)—%n(n+l)—2n A2 | Minus one each error
=%”[(”H)(z”+1)_3(”+1)—12:| M1 | Attempt to factorise
_1 2
_E"(zn +3”+1_3”_3_12) M1 | Collecting terms
=&n(2n* -14)
—ln(n2 —7) A1 | All correct
3
[6]
50 | p=-3,r="7 B2 One mark for each
[2] | s.c. B1if b and d used instead of
5(ii) pandr
q=af+ay+ Py B1
M1 Attempt to find q using o> + g + 2
2 2 2 2 Yy
a Ay _(a+'8+7/) 2(aﬂ+a7+’87/) and a+ f+y, butnot affy
=(a+ﬂ+}/)2 -2q
=13=3"-2q
—=g=-2 A1 c.a.o.
[3]
6() | a,=7x7-3=46 M1 Use of inductive definition
A1 c.a.o.
a; =7x46-3=319 2]
6(ii)
13x7° +1 Correct use of part (i) (may be
Whenn=1, —"*1_7 sotrue forn =1 Bl | implied) part (i) (may
Assume true for n = k g1 | Assuming true for k
k-1
13x7° +1
a=—"—"
2
13x7" +1
=a,.,,= 7><3X7#+— M1 Attempt to usea,,, =7a, -3
1 k
_ 3x7"+7 3
2
_13x7"+7-6
2
13x7% +1 A1 Correct simplification
2
But this is the given result with k + 1 .
replacing k. Therefore if it is true for k it is E1 Dependent on A1 and previous
. o o E1
true for k+ 1. Since itis true for k=1, itis 1

true for k=1, 2, 3 and so true for all positive
integers.

[6]

Dependent on B1 and previous
E1

Section A Total: 36
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Section B
7() | (1, 0) and (0, &) Bl
Bl
[2]
7(i) |, = 2, x=-3,x=2,y=0 B4 | Minus 1 for each error
see [4]
7(iii) t e r
[' : ; B1 Correct approaches to vertical
I' : : asymptotes
' S A : B1 Through clearly marked (1, O)
| i — X
| Jye and (0, &)
[ 2]
1 | '
| ; |
x<-3, x>2 B1
%G
) B2 |BilforZ<x<l,or3<x<l1
S<x<l1
3]
B3 Circle, B1; radius 2, B1;
. centre 3j, B1
8(i)
B3 Half line, B1; from -1, B1;
4 to x-axis, B1
[6]
B2(ft) Correct region between their
8(ii) circle and half line indicated
s.c. B1 for interior of circle
[2]
M1 Tangent from origin to circle
Sketch should clearly show the radius and | A1(ft) | Correct point placed by eye
centre of the circle and the starting point where tangent from origin meets
and angle of the half-line. circle
8(iii) M1 Attempt to use right angled
T . triangle
=—- +=0.84 (2d.p.
gz 2 aresins (2d.p.) A1 | c.a.0. Accept 48.20°(2d.p.)
[4]
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9¢G) | (-3, -3) B1
o
9(ii ,
@) | (x, x) B1
[2]
(i) (1 0] B3 | Minus 1 each error to min of 0
1 0 3]
9(iv) | Rotation through = anticlockwise aboutthe | Bl | Rotation and angle (accept 90°)
o 2 Bl | Centre and sense
origin 2]
9(v) 0 -1 10 -1 0 M1 Attempt to multiply using their T in
1 o)1 o)7L 1 o correct order
A1 c.a.o.
[2]
_ -1 03X (-x M1 | May be implied
9(vi) 1 0y X A1(ft)
So (-x, x)
Line y = -x A1 c.a.o. from correct matrix
[3]
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4755 (FP1) Further Concepts for Advanced Mathematics

Qu Answer Mark Comment
Section A
-1 0
10 [, B1
1Gi) | (3 O B1
0 3
1(iii) 3 0\ (=1 0 3 0 M1 Multiplication, or other valid
= A1 method (may be implied)
0 3)lo 1) (o 3 [4] | c.a.0.
2 Im, B3 | Circle, B1; centre —3+2j, B1;
radius = 2, B1
B3 Line parallel to real axis, B1;
% s through (0, 2), B1;
correct half line, B1
B1 Points —1+2j and-5+2j
> Re o
-3 indicated
c.a.o.
[7]
3
—1—1x=x M1 For—l—lx:x
2 2 0\y) \y 2 2)\y) \»
=>-—x—y=x, 2x+2y=y M1
B1
= y=-2x
g [3]
4 3x3—x2+25A(x—1)3+(x3+Bx2+Cx+D)
= A’ —3AxX* +3A4Ax—A+x’ + Bx* +Cx+ D M1 | Attempt to compare coefficients
=(A+1)x’ +(B-34)x* +(34+C)x+(D-4)
= A4=2,B8=5C=-6,D=4 B4 | One for each correct value
[5]
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5(i) 7 0 0 , .
AB=|0 7 0 B3 L\)/Imus 1 each error to minimum of
0 0 7 (31
(i) _
X 1 0 2 M1
A" =5 14 -14 7 Use of B
-5 7 -4 Al
[2] | c.a.0.
6 Substitution. For substitution
w=2x=x=— B1 | x=2w give BO but then follow
through for a maximum of 3
5 ) marks
- 2(2) J{Kj _3(Kj +1=0 M1 | Substitute into cubic
2 2 2 A1 Correct substitution
S>wW+w —6w+4=0 A2 | Minus 1 for each error (including
‘=0’ missing), to a minimum of 0
Give full credit for integer multiple
of equation
[5]
6 |OR
a+f+y=-1 B1 | Allthree
of+ay+py=—3
afy=-3
Let new roots be k, I, m then M1 Attempt o use sums and
_B products of roots of original
k+l+m=2(a+p+y)=-1=— equation to find sums and
A products of roots in related
equation
ki +km+Im=4(af+ay+py)=-6=— A1 | Sums and products all correct
-D
klm =80y =—4=—
A
@ +a—6mw+4=0 A2 | ft their coefficients; minus one for
each error (including ‘=0’
missing), to minimum of 0
Give full credit for integer multiple
[5] | of equation
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7(i) 1 1 3r+2-(3r-1)
- = M1 Attempt at correct method
3r—1 3r+2 (3r-1)(3r+2)
_ 3
= m A1 Correct, without fudging
[2]
4 1 :1 z | M1 Attempt to use identity
7Gi) | & (3r-1)(3r+2) 3%5[3r-1 3r+2
=1K1_1j+(1_1)+ ....... +( 1 J A1 | Terms in full (at least two)
3[\2 5 5 8 3n—1 3n+2/]| M1 | Attempt at cancelling
11 1 1
=—|=- A1 if factor of — missing,
3{2 3n+2} A2 ! 3 missing
max if answer not in terms
5] A1 if tin t

ofn

Section A Total: 36
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Section B
8(1) | x=3,x=-2, y=2 B1
Bl
Bl
[3]
8(ii) | Large positive x, y —27 M1 | Evidence of method required
(e.g. consider x=100) B1
Large negative x, y > 2~ B1
i —_ 3
8Gi) (e.g. consider x=-100) [3]
Curve
Central and RH branches correct B1
Asymptotes correct and labelled B1
LH branch correct, with clear minimum B1
[3]
2x=-2 Jr;'- 3
8(iv
) D<x<3 B2 | B2 max if any inclusive
inequalities appear
x#0 or 2<x<0 an <x<3,
‘31[3] B3for 2<x<0 and 0<x<3
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9() | 2+2jand —1-]j B2 | 1 mark for each
[2]
9(ii)
Im p
*
et * A B2 | 1 mark for each correct pair
[2]
£ x
' = e
=ilE
grx
9(iii) =2 e
(x=2-2j)(x=2+42j)(x+1+])(x+1-}) M1 | Attempt to use factor theorem
B2 Correct factors, minus 1 each
error
B1 if only errors are sign errors
=(x* —4x+8)(x* +2x+2) Al | One correct quadratic with real
coefficients (may be implied)
=x*+2x° +2x* —4x* —8x* —8x+8x? +16x+16 M1 | Expanding
=x*—2x" +2x> +8x+16
= A=-2,B=2,C=8,D=16 A2 Minus 1 each error, A1 if only
errors are sign errors
OR [71
da=2 Bl
opys =16 Bl
dYap=ac’ +af+off +pp + o + o
> apy=ad f+ao’ f +off +o BB M1
Ml
daf=2, > afy=-8 Al
Both correct
A=-2,B=2,C=8, D=16 A2
Minus 1 each error, A1 if only
OR [71 | errors are sign errors
. . M1
Attempt to substitute in one root Mi
Attempt to substitute in a second root Al
Both correct
Equating real and imaginary parts to 0 Mi
Attempt to solve simultaneous equations 1;\’[21
A=-2,B=2,C=8,D=16 [71

Minus 1 each error, A1 if only
errors are sign errors
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Qu | 4 jewer Mark Comment
Section B (continued)
100 | &, L&

D)= M1 | Separation of sums (may be
r=l =l =l implied)

=1n’ (n+1) +1n(n+1)(2n+1) B1 | One mark for both parts

) M1 | Attempt to factorise (at least two
=pn(n+ 1)[3” (n+1)+2(2n+ 1)] linear algebraic factors)
=T12n(n+l)(3n2+7n+2) Al Correct
=]17n(n+1)(n+2)(3n+1) El Complete, convincing argument
[51
10Gi) |
Zrz (r+1) =§n(n+l)(n+2)(3n+l)
r=l1
B1

n=1,LHS=RHS =2 2 must be seen
Assume true for n = k El Assuming true for k

k

D (r+1)=25k(k+1)(k+2)(3k+1)

r=1

k+1

ZrZ (r+1)

- , 5111 (k + 1)th term

=5k (k+1)(k+2)(3k+1)+(k+1)" (k+2) A] | Attempt to factorise

=L (k+1)(k+2)[k(3k+1)+12(k+1)] Correct

Al L

=L (k+1)(k+2)(3k* +13k+12) Complete convincing argument
=L(k+1)(k+2)(k+3)(3k+4)

=L

e (k.+.1)((k+?)+1)((k+1).+2)(3(k+1)+.1) El Dependent on previous A1 and
But this is the given result with k + 1 replacing previous E1
k. Therefore if it is true for k it is true for k + El

1. Since itis true for k=1, itis true for k=1,
2, 3 and so true for all positive integers.

8]

Dependent on first B1 and
previous E1

Section B Total: 36

Total: 72
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4755 (FP1) Further Concepts for Advanced

Mathematics
Section A
1 6++/36-40 ] .
(@) z= - 5 M1 Use of quadratic formula/completing
. . the square
=z=3+jorz=3-]j Al For both roots
2]
1(ii) 344 = J10 =3.16 (3s.f) M1 | Method for modulus
arg(3 + ]) = arctan(lj =0.322 (3s.f) M1 Method for argument
3 (both methods must be seen
= roots are \/E(cos 0.322 + jsin 0.322) following A0)
o One mark for both roots in modulus-
and \/10 (COS 0.322— jsin 0-322) Al argument form — accept surd and
or V10(cos(-0.322)+jsin(-0.322)) B3] decimal equivalents and (r, 49)
form. Allow +18.4° for 6.
2 |2 —13x+25=4(x-3) =B(x-2)+C
Bl For A=2
= 2x" —13x+25 M1 Attempt to compare coefficients of
1 0 .
— A2 —(64+B)x+(2B+C)+94 x or x, or other valid method.
A=2 Al For B and C,
B=1 Al cao.
C=5
[4]
3 (21
Bl
0 2
1]
3(ii) 2 o2 3 = 0 440 M1 Applying matrix to column vectors,
0 3){0 0 2 2 0 0 6 6 with a result.
= A :(4’ 0)’ B'=(4, 6).C :(0’ 6) Al All correct
2]
3(iii) | Stretch factor 4 in x-direction. Bl Both factor and direction for each
Stretch factor 6 in y-direction B1 mark. SC1 for “enlargement”, not

[2]

stretch.

18
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4 arg (z 3 ( ’_ 2j)) _z B1 qu-latlon involving arg(complex
4 variable).
Bl Argument (complex expression) =
V4
4
Bl All correct
3]
5 Sum of roots = a+(—3a)+a+3=3—a=5 M1 | Use of sum of roots
S>a=-2 Al
Product of roots M1 | Attempt to use product of roots
_ M1 | Attempt to use sum of products of
= —2x6x1=-12 roots in pairs
Product of roots in pairs
=-2x6+(-2)x1+6x1=-8 Al
= p=-8andg=12 Al One mark for each, ft if « incorrect
[6]
Alternative solution .
(x-0)(x+30)(x-0:-3) Ml Attempt to multiply factors
=0 +(a-3)x*H(-50*-60)x+30'+90 ) ) 5
= q=-2, MI1A1 | Matching coefficient of x~ ,cao.
M1 Matching other coefficients
p=-8andg=12 A1A1 | One mark for each, ft incorrect a.
[6]
6 n n n M1 Separate into separate sums.
2 3
Z[r(r —3)]:Zr —3Zr (may be implied)
i ;1 i M1 | Substitution of standard result in
:—nz(n+1)2——n(n+l) terms of n.
A2 | For two correct terms (indivisible)
=—n(n+1)(n(n+1)-6) Ml
Attempt to factorise with n(n+1).
Al

[6]

Correctly factorised to give fully
factorised form
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7 | Whenn=1, 6(3"-1)=12, so true forn =1 Bl

El A true for &
Assume true for n = k ssume true 1ot
12436+108 +....+(4x3") = 6(3" -1)
= 12+36+108+.....+ (4x 3
_ 6(3" B 1) T (ax3t Ml Add correct next term to both sides
_ 6{(3" B 1) N 2 “ 3/”1} Ml Attempt to factorise with a factor 6

3
=6[3" -1+2x3" ]
. Al | c.a.0. with correct simplification

=6(3""-1)
But this is the given result with £ + 1 replacing
k. Therefore if it is true for n = £, it is true for E1l Dependent on Al and first E1
n=k+1.

El Dependent on B1 and second E1
Since it is true for n =1, it is true forn =1, 2,
3... and so true for all positive integers. (71

Section A Total: 36
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Section B
8(i) 3 B1 | Intercepts with x axis (both)
(\/ga O),(—\/E, 0) (0, g B1 | Intercept with y axis
SC1 if seen on graph or if x = +V3,
y = 3/8 seen without y=0,x=0
[2] | specified.
8(i) ed x=—2 p=] B3 | Minus 1 for each error. Accept
THXETAYE equations written on the graph.
131
8(iii)
B1 | Correct approaches to vertical
asymptotes, LH and RH branches
B1B1 | LH and RH branches approaching
horizontal asymptote
B1 | On LH branch 0<y<I as x—-o0.
[4]

8(lv) | 2<x<—v3and4>x> V3 Bl | LH interval and RH interval correct
(Award this mark even if errors in
inclusive/exclusive inequality signs)

B2 | All inequality signs correct, minus 1
each error
3]
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9(i) a+p=3 Bl
aa” =(1+j)(1-j)=2 M1 | Attempt to multiply (1+)(1-])
- Al
3(1-
atp = 3 - = ( J) : :g—ij M1 | Multiply top and bottom by 1—j
a 1+j (1+j)(1-j) 2 2 Al
[S]
9(ii)
(Z_(1+J))(Z_(1_J)) ML | Or alternative valid methods
=z"-2z+2 Al | (Condone no “=0" here)
2]
9Gii) | 1—j and 2+] BL | For both
Either . ) ML | For attempt to obtain an equation
(Z -(2- J))(Z -(2+ J)) using the product of linear factors
5 4745 involving complex conjugates
Ml Using the correct four factors
(22 -2z+ 2)(22 -4z + 5)
=z' -6z’ +1527 18z +10
So equation is z* —6z° +152° =18z +10=0 A2 | All correct, -1 each error (including
(5] omission of “=0"") to min of 0
Or alternative solution
Useof Ya=6,>ap =15, Use of relationships between roots
>afy =18 and afyd = 10 M1 and coefficients.
A3

to obtain the above equation.

[5]

All correct, -1 each error, to min of 0
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10(G) | @ =3x-5+4x11+-1x29=0 B1
f=-2x-T+7x(5+k)+-3x7=28+7Tk M1 | Attempt at row 3 x column 3
Al
131
10(ii)
2 00 B2 | Minus 1 each error to min of 0
AB=| 0 42 0
0 0 42 [2]
10(iii)
| 11 -5 -7 M1 | Use of B
A= L7 s
-5 29 7 Bl | 4
Al Correct inverse, allow decimals to 3
sf
3
10(iv) Bl

1
—| 1 11 7 {-9|=
2 i M1
=5 29 7 )26 z Attempt to pre-multiply by A™
-126 -3
1 SC B2 for Gaussian elimination with
=— 84 |=| 2 3 correct solutions, -1 each error to
42 .
—84 -2 min of 0
x=_3,y:2,Z:_2 A3

[4] | Minus 1 each error

Section B Total: 36

Total: 72
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4755 (FP1) Further Concepts for Advanced

Mathematics
Section A
4 121
1) | M =— M1 | Dividing by determinant
11{-3 4
A1
[2]
1G6i) | 1(2 1) 49 _(x)_1(198 M1 | Pre-multiplying by their inverse
11{-3 4)l1o0) \y) 11(253 A1(ft)
18 v A1(ft)
=>x=18,y=23 3]
2 B1 Show z = 3 is a root; may be
z3+22—7z—15:(z—3)(zz+4z+5) M1 implied . .
A1 Attempt to find quadratic factor
Y 4z4520 _ —4+416-20 M1 | Correct quadratic factor
Z Az =l=2= 2 Use of quadratic formula or other
—z=-2+jandz=-2—] A1 valid meth.od
Both solutions
[5]
3(i)
B1 Asymptote at x = -4
B1 Both branches correct
[2]
2 5 M1 | Attempt to find where graphs
x+4 =xH3=a 4 Txt10=0 cross or valid attempt at solution
using inequalities
3(ii) A1 Correct intersections (both), or -2
=>x=-2orx=-5 and -5 identified as critical values
x=-=2or —4>x=>-5 A1 x=-2
A2 —4>x2-5
s.C.

[5]

Alfor 4>x>-50r —4>x>-5

18
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-1
4 | 2woOwhdw=—r M1 | Use of sum of roots — can be
! A1 implied
> w=—
2
= roots are 1,-3, i Al
2 M1 Correct roots seen
—q Attempt to use relationships

-9
=afy=—=4q=9 between roots
s.c. M1 for other valid method
=af+ay+Py=-6=p=-12 A2(ft)
[6] | One mark each for p =-12 and q
=9

ISH RS
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5(i) 1 1 57+3-5r+2
5r—2_5r+3=(5r+3)(5r—2) M1 Attempt to form common
s denominator
~(5r+3)(5r-2) A1 | Correct cancelling
-~ [2]
5(") 30 1 l 30 1
S (5r-2)(57+3) 5o 5r—2) (5r+3)
‘(1 1) (1 1 J [ 11 J B1 First two terms in full
18
_1R3 8 81 13 B1 Last term in full
5{1_1){1_1)
Sn—7 5n-2 S5n—2 5n+3 M1 | Attempt to cancel terms
_11 1 }_ n
503 5n+3] 3(5n+3) Al
[4]
6
Whenn=1, —n(7n-1)=3, so true for n = B1
1 E1 Assume true forn = k
Assume true for n = k
3410417 +..... +(7k—4)=lk(7k—1)
2 M1 | Add (k+1)th term to both sides
S3410+17 +...+ (7(k+1)-4)
:%k(7k—l)+(7(k+l)—4)
| M1 Valid attempt to factorise
=5[k(7k—1)+(14(k+1)—8)]
-,
=—[ 7K +13k +6 |
2 Al c.a.0. with correct simplification
:%(k+l)(7k+6)
=%(k+1)(7(k+1)—1)
But this is the given result with k + 1 El Dependent on previous E1 and
replacing k. Therefore if it is true for k it is immediately previous A1
true for k + 1. E1l Dependent on B1 and both previous
E marks
Since it is true forn = 1, itis true forn =1, [71

2, 3 and so true for all positive integers.

Section A Total: 36
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Section B
7(i 5 B1
V10020120 +
3 B1
[3]
7(ii)
X = _—1 x=1, y=— B1
7’ ’ B1
B1
[3]
. 37
7(ill) | Large positive x, y ) M1 | Clear evidence of method
(e.g. consider x=100) B1 required for full marks
Large negative x, y —>% B1
(e.g. consider x=-100) [3]
7(iv) | Curve
3 branches of correct shape B1
Asymptotes correct and labelled g}

Intercepts correct and labelled

[3]
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8 (i) ‘Z—(4+2j)‘ ) B1 Radius =A2 ‘
B1 | z—(4+2j) orz—4-2j
B1 All correct
[31
8(ii)
) = B1 Equation involving the argument
—(4+2j))=0
arg(z (4+ J)) of a complex variable
B1 Argument =0
All correct
8(iii) B1
. [31
a=4- 2COSZ =4-\2 M1 | Valid attempt to use trigonometry
b:2+2sin%:2+«/§ involving %,or coordinate
P=4-2+(2+2)] A2 | geometry
1 mark for each of aand b
8(iv) [3] s.c. A1 only for a =2.59, b = 3.41
3 > arg(z - (4+2j))>0 B1
4 arg(z—(4+2j))>0
and |z (4+2j)[<2 B1 3
arg(z—(4+2j))<=>7
B1 4

[3]

|z—(4+2j)[<2

Deduct one mark if only error is
use of inclusive inequalities
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Section B (continued)

9(i) | Matrix multiplication is associative B1
(1]
3 0)0 1
MN = o 2ll1 o M1 | Attempt to find MN or QM
0 3 0 -2
=MN= or QM =
o) ooy )
-2 0
QMN =
0 3 A1(ft)
[31
9(ii) | M is a stretch, factor 3 in the x direction, B1 | Stretch factor 3 in the x direction
factor 2 in the y direction. B1 | Stretch factor 2 in the y direction
N is a reflection in the line y = x. B1
Q is an anticlockwise rotation through 90 B1
about the origin.
(4]
M1 Applying their QMN to points.
9(iii) =2 0y 12 - 2 2 4 A1(ft) | Minus 1 each error to a minimum
0 3)\2 0 2 6 0 6 of 0.

B2 | Correct, labelled image points,
minus 1 each error to a minimum
of 0. Give B4 for correct diagram
with no workings.

(4]

Section B Total: 36

Total: 72
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4755 (FP1) Further Concepts for Advanced
Mathematics

1 o =(-3+j)(5-2§) =—13+11j Ml | Useof j"=-1
Al
2]
o _—3+] _ (=3+4)(5+2j) - —17 _LJ’ M1 Use of conjugate

B 5 2j 29 29 29 Al 29 in denominator
Al All correct

3]

2 (i) AB is impossible B1
CA =(50) Bl
3 1
B+D= Bl
6 -2
20 4 32
AC=|-10 -2 -16
B2 —1 each error
20 4 32
(5]
(ii) 2 0)(5 1) (-10 -2
DB = = Ml Attempt to multiply in correct
4 1)\2 3 22 1 order
Al c.a.0.
2]
3 12 .
a+p+y=a-d+a+a+d=—=a=1 Ml Valid attempt to use sum of roots
4 Al a=1,c.a.o.
3 N 1
(a—d)a(a+d)=zjd=_5 Ml Valid attempt to use product of
roots
1 3
So the roots are > 1 and 3 Al All three roots
k11 .
of+ay+ ﬂy:Z:Z:k:II M1 Valid attempt to use

off + oy + By , or to multiply out
factors, or to substitute a root

Al k=11 c.a.o.

[6]
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4 4 0 1)(-3 =2 1
MM =% 6 1 11235 —-15 10 Ml At‘f?mpt to cons'ider .MM_I or
s 9 sllp7 8 MM (may be implied)
0 0
1
=— 5 0|=k=5
k Al c.a.o.
0 5 2]
-3 2 1 9
1
=573 s 1032 M1 Attempt to pre-multiply by M~
z 17 8 —4)\8l1
Ml Attempt to multiply matrices
-3 =2 1)\(9 -10 Al
1 1
— =35 —15 10|32 |=—| 15 Correct
5 5
17 8 —4)(81 85
Al All 3 correct
=x=-2,y=3,z=17 [4] | s-c. B if matrices not used
5 Z(r+2)(r—3)=2(r2—r—6)
= Z:;r - Z:;r— 6n M1 Separate into 3 sums
1 1
=—n(n+1)(2n+1)=—n(n+1)—6n A2 —1 each error
6 2
1 . . .
=—n[(n+1)(2n+1)=3(n+1)-36] Ml Valid attempt to factorise (with n as
6 a factor)
1 2 L, Al Correct expression c.a.o.
6 & (2n B 38) 3 " (n B 19) Al Complete, convincing argument
[6]
6 1 2
3
so true for 72 = 1 El Assume true for &
Assume true forn =k
k(k+1)(k+2)
2464..... +k(k+1):f
=2+6+...+(k+1)(k+2) M1 Add (k+1)th term to both sides
k(k+1)(k+2
=%+(k+l)(k+2)
=%(k+l)(k+2)(k+3) Al c.a.0. with correct simplification
(k+1)((k+1)+1)((k+1)+2)
- 3
But this is the given result with k£ + 1 replacing
k. Therefore if it is true for n = k it is true for El Dependent on A1 and previous E1
n=k+1.
Since it is true forn =1, itistrue forn=1,2,3 El Dependent on B1 and previous El

and so true for all positive integers.

[6]
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7 () ~7 3 Bl
_x:?’x:—,y:() Bl
Bl
3]
(i) | Large positive x, y — 0" BI
(e.g. consider x = 100) Bl .
Large negative x, y — 0" Ml Evidence of method
(e.g. consider x = —100) 3]
iii -
(iii) : A
x=—= *=
2 2
Bl Intercepts correct and labelled
Bl LH and central branches correct
7
Bl RH branch correct, with clear
2 x maximum
> 3]
7
v | *<75 Bl
or —<x< 2 .
5 B2 Award B1 if only error relates to
inclusive/exclusive inequalities
[3]
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8(a) (i) |z—(2+6j)|=4 Bl 2 + 6j seen
B1 (expression in z) =4
B1 Correct equation
3]

Bl | |z—(2+6j)|<4
Bl | |z=(3+7j)|>1

(allow errors in inequality signs)

iy | |7—(2+6j)[<4 and [z-(3+7j)|>1

B1 Both inequalities correct
3]
. Im
(b)(D)
i
" Re
B1 Any straight line through 2 + j
B1 Both correct half lines
Bl Region between their two half
lines indicated
3]
» A3447i—(2+ 1) =41+ 46 Ml Attempt to calculate argument, or
(i) i=(2+]) ! other valid method such as
46 i ithy=x—
arg(41+46j) = arctan [Zj =0.843 comparison with y =x — 1
2 c0843< 3z Al Correct
4 4
s0 43+ 47j does fall within the region El Justified

3]
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9 () 2 3 1
—— +
r o r+l r+2
- 2(r+1)(r+2)=3r(r+2)+r(r+1) Ml Attempt a common denominator
r(r+1)(r+2)
_ 2r +6r+4-3r —6r+r +r B 447 Al Convincingly shown
r(r+1)(r+2) r(r+1)(r+2) [2]
(ii) n 4+ n[2 3 1 Ml Use of the given result (may be
Z :Z - + implied)
r(r+1)(r+2) Slr r+l1 r+2
(2.3 1), (2.3, 1), (2.3, 1), Ml Terms in full (at least first and
1 2 3 2 3 4 3 4 5 one other)
2 3 1 2 3 1 .
| ———+ +| —— + A2 At least 3 consecutive terms
n=1 n n+l nontl n+2 correct, -1 each error
2 3 2 1 3 1
_T_EJFE n+1 - n+l n+2 M1 AttempF to cancel, including
algebraic terms
3 2 .
=5 + as required Al Convincingly shown
2 n+l n+2 [6]
(i) | 3 Bl
2 1]
@) | & 44
Sor(r+1)(r+2)
00 49
= ] a+r z atr M1 Splitting into two parts
Sr(r+1)(r+2) Sr(r+1)(r+2)
= (i_i_FL 3.2 +— 1 Ml Use of result from (ii)
2 101 102 2 50 51
Al c.a.0.

=0.0104 (3s.f)

3]
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Qu | Answer | Mark | Comment
Section A
. 4x* —16x+C = A(x* +2Bx+ B* ) +2 Bl | A=4
& 4x* —16x+C = Ax’ +2ABx+ AB* +2 M1 | Attempt to expand RHS or other
valid method (may be implied)
& A=4,8=-2,C=18 A2,1 | 1 mark each for B and C, c.a.0.
[4]
2(i) | 2x-5y=9 Bl
3x+7y=-1 B1
[2]
. ; 1(7 5
23i) | M7 = 2—9{_3 2} M1 | Divide by determinant
Al c.a.0.
[2]
1 759 _ 1 58 M1 Pre-multiply by their inverse
291-3 2){—-1) 29(-29 Al(ft) | For both
—x=2,y=-1 2]
3 | z=1=-2j Bl
. o
1+2j+1-2j+a = B Ml Valid attempt to use sum of roots, or
3 other valid method
So=—-=
2 Al c.a.0.
—k . . 5 .
—=—=(1-2j)(1+2j)=—— M1 | Valid attempt to use product of roots,
2 or other valid method
Al(ft) | Correct equation — can be implied
k=15 Al c.a.o0.
[6]
OR
(z—(l+2j))(z—(1—2j))=z2—21+5 M1 | Multiplying correct factors
Al Correct quadratic, c.a.0.
2Z3—Z2+4Z+k=(Z2—2Z+5)(2Z+3) M1 | Attempt to find linear factor
o= AL(ft)
2
k=15 Al c.a.0.

[6]
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4 w=x+l=>x=w-1 B1 Substitution. For x=w+1 give BO
but then follow for a maximum of 3
X =2x*—8x+11=0, w=x-1 marks
3 2
= (w-1) =2(w-1)"=8(w-1)+11=0 M1 | Attempt to substitute into cubic
=W -5w —w+16=0 M1 | Attempt to expand
A3 -1 for each error
(6] (including omission of = 0)
OR
a+pf+y=2 Bl All 3 correct
off+oy+ Py=-8
offy=-11
Let the new roots be k, [ and m then
ktl+m=a+f+y+3=243=5 Ml Vahd.atter.npttousethelrsumof
roots in original equation to find sum
kl+km+Im=(af+oay+By)+2(a+B+y)+3 of roots in new equation
=_8+4+3=—1 M1 Valid attempt to use their product of
roots in original equation to find one
kim = +(af+oay+ py)+(a+p+y)+1
m=ofy+(af+ay+fy)+(a+f+y) of 3o or afy
=-11-84+2+1=-16
=>w —5w—w+16=0 A3 -1 each error
(including omission of = 0)
[6]
5 n Z
< (5r ~ )(Sr N 4 P 5r 4 M1 Attempt to use identity — may be
implied
BRI 1 1 1 1
- g Z‘g + g_a toet Sn_1 Sn+d Al Terms in full (at least first and last)
11 1 Sn+4-4 n _
== == - = M1 Attempt at cancelling
5 4 5n+4 5 4(5n+4) 4(5n+4)
Al ( 11 j
4 Sn+4
1
Al | factor of 3
Al

[6]

Correct answer as a single algebraic
fraction
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6(i) 2
2 2 3 2 M1 | Use of inductive definition
M2=E=§,M3=—2=g Al | ca.o.
1+— [2]
3
.o . 2
6(ii) Whenn=1, =2,sotrue forn=1 B1 | Showing use of u, =
2x1-1 2n—-1

A _ 2 El | Assuming true for k

ssume u, =——

2k -1
2
Su = 2k _21 M1 Uy
1+
2k -1
2

__2%k-1 2 Al | Correct simplificati

142 2kl orrect simplification

2k -1

B 2

2(k+1)-1
But this is the given result with £ + 1 replacing k.
Therefore if it is true for £ it is also true for k + 1. El | Dependent on Al and previous E1
Since it is true for k = 1, it is true for all positive
integers. El | Dependent on B1 and previous El

[6]

Section A Total: 36
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Section B
7G) ( ! j Bl
0, -~
2
1
(-3.0), (_’Oj Bl For both
2 (2]
7Gi) | x=3,x=2andy=2 B1
B1
B1
[3]
7(iii) | Large positive x, y — 2" M1 | Must show evidence of method
(e.g. substitute x =100 to give 2.15..., or
convincing algebraic argument) Al | A0 if no valid method
B1 | Correct RH branch
(3]
7(iv
() (2x-1)(x+3) _ Or other valid method to find
N, T M1 ) . . .
( x=3)(x-2) intersection with horizontal
asymptote
= (2x-1)(x+3)=2(x-3)(x-2) ymp
From graph x<1lor2<x<3 Bl | For x<1
Bl | For 2<x<3
[4]
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8 argor =, a| -9 B1 Modulus of o
Bl Argument of ¢ (allow 307)
V4
arg f = 57 ﬂ| =3 Bl Both modulus and argument of
(allow 90°)
[3]
8(ii) .

off =(3+])3j=-3+33j M1 | Useof j=-1
Al Correct

B 3] 3j(\/§ - j) M1 Correc"[ use of conjugate of

—= - = denominator

a V3+j (Va+j)(v3-))

. . Al Denominator = 4
= % = 3 + 3_\/§J Al All correct
4 4 4 [5]
8(iii)
M1 Argand diagram with at least one
correct point
Al(ft) | Correct relative positions with
[2] | appropriate labelling
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Qu | Answer | Mark | Comment
Section B (continued)
9(i) | P is arotation through 90 degrees about the B1 Rotation about origin
origin in a clockwise direction. B1 90 degrees clockwise, or equivalent
Q is a stretch factor 2 parallel to the x-axis B1 Stretch factor 2
B1 Parallel to the x-axis
9(ii) (4]
op (2 OJ[O 1] (o 2)
= = Ml Correct order
0 1/-10 -1.0 Al c.a.0.
(2]
9(iii)
0 2)2 1 3 0 4 2 Ml Pre-multiply by their QP - may be
1 0)lo 2 1) (=2 -1 -3 implied
A'=(0, =2),B'=(4, -1), C'=(2, -3) Al(ft) | For all three points
(2]
9(iv) 0 -1
R = B1 One for each correct column
-1 0 B1
(2]
V) 0 -1(0 2} (1 0
RQP = = M1 Multiplication of their matrices in
-1 0)\~-1 0 0 -2 correct order
Al(ft)
g —1(-2 0
(RQP)" =— | .
200 1 M1 Attempt to calculate inverse of their
RQP
Al c.a.0.
[4]
Section B Total: 36
Total: 72
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1 G (7 9) B1B1 2 Each element correct
SC (7,9) scores Bl
(ii) (1 8) B1* Obtain correct value
depB12  Clearly given as a matrix
12 -4 . .
(iii) Ml Obtain 2 X 2 matrix
6 -2
Al Obtain 2 correct elements
Al 3  Obtain other 2 correct elements
2. (1) -—12+13i B1B1 2  Real and imaginary parts correct
(i) Bl 7* seen
M1 Multiply by w*
27 14, .
———1 Al Obtain correct real part or numerator
37 37
Al 4  Obtain correct imaginary part or denom.
Sufficient working must be shown
3 B1* Establish result true forn =1 or 2
M1* Use given result in recurrence relation in a
relevant way
Al* Obtain 2" + 1 correctly
depAl4  Specific statement of induction conclusion
4 Either B1 Correct value for z r stated or used
Ml Express as sum of two series
a o 2 bn . . o
Z n“(n+1)” + 7(11 +1) Al Obtain correct unsimplified answer
Ml Compare coefficients or substitute values
forn
a=4 b=-4 Al A16  Obtain correct answers
Or
Ml Use 2 values for n
a+b=04a+b=12 Al Al Obtain correct equations
Ml Solve simultaneous equations
a=4 b=-4 Al Al Obtain correct answers
5 Bl (A" = A seen or implied
Ml Use product inverse correctly
A? Alcao3  Obtain correct answer
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6 (i) (a B1* Vertical line
depB12  Clearly through (4,0)
(b) Bl Sloping line with +ve slope
Bl Through (0,-2)
Bift 3 Half line starting on y-axis 45° shown
convincingly
(ii) B1ft Shaded to left of their (i) (a)
Blft Shaded below their (i) (b) must be +ve
slope
Blft 3  Shaded above horizontal through their

0,-2)
NB These 3 marks are independent, but
3/3 only for fully correct answer.

1 3
7 @) [0 J B1B12  Each column correct
(ii) B1* Enlargement or stretch in x and y axes
depB12  Scale factor \/g
(iii) (a) B1 (2,0),(6,2) indicated
B1 (8,2) seen
Bl 3  Accurate diagram, including unit square
(b) detC=4 B1 Correct value found
Bl 2 Scale factor for area

8 (i) Either
3

1
o+ f=—,0f==
p 2 i 2

o+ f 2
o+ [+ of or 05+,B+3(0(+ﬂ)

3u’ —u+2(=0)

B1

M1

Ml
Al 4

Bl

Ml
M1

Al

State or use both correct results in (i) or (ii)

Express sum of new roots in terms of

o+ Band off

Substitute their values into their expression

Obtain given answer correctly

Substitute X = — and obtain correct
u

quadratic (equation)
Use sum of roots of new equation
Substitute their values into their expression

Obtain given answer correctly
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1 o
(i) o'f'=0f+—+ s +— Bl Correct expansion

off o pf
£+Z=(a+ﬂ)2—2aﬂ

M1 Show how to deal with & + ﬂz
a p of
Al Obtain correct expression
1
q= 3 M1 Substitute their values into Ot’ﬂ’
Al 5  Obtain correct answer a.c.f.
9 (@) Mi Show correct expansion process for 3 x 3
M1 Correct evaluation of any 2 x 2
detM=a’*—-Ta+6 Al 3 correct answer
(ii) M1 Solve detM =0
a=1lor6 A1A1 3  Obtain correct answer, ft their (i)
(iii) Ml Attempt to eliminate one variable
Al Obtain 2 correct equations in 2 unknowns

Al 3 Justify infinite number of solutions
SC 3/3 if unique solution conclusion
consistent with their (i) or (ii)

10 (i) MI Use correct denominator
Al 2 Obtain given answer correctly

(ii) M1 Express terms as differences using (i)
M1 Do this for at least 3 terms
Al First 3 terms all correct
Al Last 2 terms all correct
1 1 1
—= + M1 Show relevant cancelling

2 n+l n+2
Al 6  Obtain correct answer a.e.f.

(iii) — Blft S stated or start at 7 + 1 as in (ii)
1 1 o .
- M1 S.. - their (ii) or show correct cancelling
n+l n+2
1 .
_— Al 3  Obtain given answer correctly
(n+DH(n+2)
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Qu | Answer | Mark | Comment
Section A
0 -1
1(3i) 1 0 B1 Accept expressions in sin and cos
1(ii) 0 1 B1
1 0
1(iii) 0 1) 0 -1 _ Y M1 Ans (ii) X Ans (i) attempt evaluation
1 o){1 O 0 -1 Alft
1(iv) | Reflection in the x axis Bl
[5]
z+w —=1—-j —4—j
2(i) w4+ i X~ 4] M1 | Multiply top and bottom by -4 - j
_3+5_3 .5, Al | Denominator = 17
17 17 17 ! Al Correct numerators
3]
2(iii) |w| _J7 Bl
argw =7 — arctanl =2.90 Bl Not degrees
w=1/17 (c0s2.90 + jsin2.90) Bl | c.a.0. Accept (\/ﬁ, 2.90)
3 Accept 166 degrees
2(iiii) 31
B1 Correct position
Bl Mod w and Arg w correctly shown
2]
3 a+pf+y=4=—p M1 May be implied
p= -4 Al
2
(a+B+y) =+ B +y* +2(ef+ay+ ) M1 | Attempt to use (@ + /S +7)
=16=6+2¢9 Al | o.e. Correct
=q=5 Al | c.a.0.
[5]
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4 5x
T, <X MI1* | Method attempted towards
x +4 . .
3 factorisation to find critical values
=5x<x +4x
=0<x —x Al 1 x=0
30<x(x+1)(x—1) Al x=1,x=-1
Mildep* | Valid method leading to required
=x>1 —l<x<0 intervals, graphical or algebraic
Al x>1
Al -1<x<0
[6]
SC B2 No valid working seen
x>1
-1<x<0
5 i 1 1 i[ 1 1 }
. (3r ~ 1)(3r N 2) =3 213,21 342 M1 Attempt to use identity — may be
implied
11(1 1 1 1 1 1 Al Correct use of 1/3 seen
SlTE) G TR) T v Tw
Al Terms in full (at least first and last)
_ l(l B Lj _ 5 Ml Attempt at cancelling
3\2 62 31 Al c.a.o.
[5]
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6 1
Whenn=1,zn2(n+1)2:1, Bl
so true forn=1
Assume true forn =k El Assume true for k
Zr =—k (k+1)
k+1
:)Zr = k (k+1) +(k+1) M1 | Add (k+1)th term to both sides
1 2., 1 2
zz(kJrl) [k +4(k+1)] M1 Factor of Z(k+1)
1
Z(k+1) (k> +4k + 4]
1 2 . . . .
Z(k + 1) (k + 2) Al c.a.o. with correct simplification
1
4(k+1) ((k+1)+1)’
But this is the given result with £ + 1 replacing )
k. Therefore if it is true for k it is true for k + 1. g1 | Dependenton Al and previous E1
Since it is true forn =1, itistrue forn =1, 2, 3 El Dependent on B1 and previous E1
and so true for all positive integers. and correct presentation
[7]

Section A Total: 36
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Section B
7G) | (0,18) Bl
8
(-9, 0), (—,o) Bl
3 Bl
131
. Bl
7 =2,x=-2andy=3
(i) | x X and y B1
Bl
131
7(iii) | Large positive x, y — 3" from above Bl
Large negative x, y — 3~ from below Bl
(e.g. consider x =100, or convincing algebraic M1 Must show evidence of working
argument) 3]
7(iv)
B1 3 branches correct

B1 Asymptotes correct and labelled
B1 Intercepts correct and labelled

[3]
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8(i) | Because a cubic can only have a maximum of
two complex roots, which must form a conjugate El
pair. 1]
8(ii)
2+3, —1-2] B1
Bl
P =(G-(-DG-Ce)G- (1)) -(1-2)) | ML | Useof factor theorem
2 2

= ((Z - 2) + 1)((2 + 1) + 4) M1 Attempt to multiply out factors

= (22 —4Z+5)(Z2 +2z +5)

=24 2734222102+25 A4 | -1 for each incorrect coefficient

OR

a+f+y+o=2=a=-2

af+oay+ad+Py+po+yo=2=>b=2

affy +afd +ayo + fyd =10 = c=-10 M2 | M1 for attempt to use all 4 root

afyd=25=d =25 relationships. M2 for all correct

P(z)=z"—2z° +22 —10z +25 Bl |a=-2

=P(2)=z z z z A3 b, ¢, d correct -1 for each incorrect
-1 for P(z) not explicit, following A4
or B1A3

8(iii) (8]
B1 All correct with annotation on axes

or labels

|Z| = \/g Bl

[2]
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Qu | Answer | Mark | Comment
Section B (continued)
9(i) 2 -1 B2 | -1 each error
M=l5 & 2]
9(ii) | M does not exist for 2k +3 =0 M1 | May be implied
=22 Al
2
1
M = ! k Bl Correct inverse
2k+3(-3 2
1S Ll M1 | Attempt to pre-multiply by their
13{-3 2)\21 inverse
Alft | Correct matrix multiplication
2
= Al c.a.0.
3
—x=2,y=3 Alft | Atleast one correct
(7]
9(iii) | There are no unique solutions Bl
1]
9(iv) (A) Lines intersect Bl
(B) Lines parallel Bl
(C) Lines coincident Bl
[3]

Section B Total: 36

Total: 72
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Annotation in scoris | Meaning

vand %

BOD Benefit of doubt

FT Follow through

ISW Ignore subsequent working

MO, M1 Method mark awarded 0, 1

A0, A1 Accuracy mark awarded 0, 1
BO, B1 Independent mark awarded 0, 1
SC Special case

A Omission sign

MR Misread

Highlighting

Other abbreviations | Meaning

in mark scheme

E1

Mark for explaining

U1 Mark for correct units

G1 Mark for a correct feature on a graph

M1 dep* Method mark dependent on a previous mark, indicated by *
cao Correct answer only

oe Or equivalent

rot Rounded or truncated

SOi Seen or implied

wWww Without wrong working
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Subject-specific Marking Instructions for GCE Mathematics (MEI) Pure strand

a

Annotations should be used whenever appropriate during your marking.

The A, M and B annotations must be used on your standardisation scripts for responses that are not awarded either 0
or full marks. It is vital that you annotate standardisation scripts fully to show how the marks have been awarded.

For subsequent marking you must make it clear how you have arrived at the mark you have awarded.

An element of professional judgement is required in the marking of any written paper. Remember that the mark scheme is
designed to assist in marking incorrect solutions. Correct solutions leading to correct answers are awarded full marks but work
must not be judged on the answer alone, and answers that are given in the question, especially, must be validly obtained; key
steps in the working must always be looked at and anything unfamiliar must be investigated thoroughly.

Correct but unfamiliar or unexpected methods are often signalled by a correct result following an apparently incorrect method.
Such work must be carefully assessed. When a candidate adopts a method which does not correspond to the mark scheme,
award marks according to the spirit of the basic scheme; if you are in any doubt whatsoever (especially if several marks or
candidates are involved) you should contact your Team Leader.

The following types of marks are available.

M

A suitable method has been selected and applied in a manner which shows that the method is essentially understood. Method
marks are not usually lost for numerical errors, algebraic slips or errors in units. However, it is not usually sufficient for a
candidate just to indicate an intention of using some method or just to quote a formula; the formula or idea must be applied to
the specific problem in hand, eg by substituting the relevant quantities into the formula. In some cases the nature of the errors
allowed for the award of an M mark may be specified.

A
Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. Accuracy marks cannot be given unless
the associated Method mark is earned (or implied). Therefore MO A1 cannot ever be awarded.

B
Mark for a correct result or statement independent of Method marks.
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E
A given result is to be established or a result has to be explained. This usually requires more working or explanation than the
establishment of an unknown result.

Unless otherwise indicated, marks once gained cannot subsequently be lost, eg wrong working following a correct form of
answer is ignored. Sometimes this is reinforced in the mark scheme by the abbreviation isw. However, this would not apply to a
case where a candidate passes through the correct answer as part of a wrong argument.

d When a part of a question has two or more ‘method’ steps, the M marks are in principle independent unless the scheme
specifically says otherwise; and similarly where there are several B marks allocated. (The notation ‘dep *’ is used to indicate
that a particular mark is dependent on an earlier, asterisked, mark in the scheme.) Of course, in practice it may happen that
when a candidate has once gone wrong in a part of a question, the work from there on is worthless so that no more marks can
sensibly be given. On the other hand, when two or more steps are successfully run together by the candidate, the earlier marks
are implied and full credit must be given.

e The abbreviation ft implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect
results. Otherwise, A and B marks are given for correct work only — differences in notation are of course permitted. A
(accuracy) marks are not given for answers obtained from incorrect working. When A or B marks are awarded for work at an
intermediate stage of a solution, there may be various alternatives that are equally acceptable. In such cases, exactly what is
acceptable will be detailed in the mark scheme rationale. If this is not the case please consult your Team Leader.

Sometimes the answer to one part of a question is used in a later part of the same question. In this case, A marks will often be
‘follow through’. In such cases you must ensure that you refer back to the answer of the previous part question even if this is
not shown within the image zone. You may find it easier to mark follow through questions candidate-by-candidate rather than
question-by-question.

f Wrong or missing units in an answer should not lead to the loss of a mark unless the scheme specifically indicates otherwise.
Candidates are expected to give numerical answers to an appropriate degree of accuracy, with 3 significant figures often being
the norm. Small variations in the degree of accuracy to which an answer is given (e.g. 2 or 4 significant figures where 3 is
expected) should not normally be penalised, while answers which are grossly over- or under-specified should normally result in
the loss of a mark. The situation regarding any particular cases where the accuracy of the answer may be a marking issue
should be detailed in the mark scheme rationale. If in doubt, contact your Team Leader.

g Rules for replaced work

If a candidate attempts a question more than once, and indicates which attempt he/she wishes to be marked, then examiners
should do as the candidate requests.
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If there are two or more attempts at a question which have not been crossed out, examiners should mark what appears to be
the last (complete) attempt and ignore the others.

NB Follow these maths-specific instructions rather than those in the assessor handbook.
For a genuine misreading (of numbers or symbols) which is such that the object and the difficulty of the question remain
unaltered, mark according to the scheme but following through from the candidate’s data. A penalty is then applied; 1 mark is

generally appropriate, though this may differ for some units. This is achieved by withholding one A mark in the question.

Note that a miscopy of the candidate’s own working is not a misread but an accuracy error.

January 2012
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Question Answer Marks Guidance
G! AT .
AB= 0 4 2 2|= M1 Attempt to multiply in correct order
P 1 -3 2p-4 “2p+l2 A2 Correct and simplified -1 each error
3]
1 | (ii) 0 * k%
BA =|2 22 2 -1 T s % =« M1 Valid method to compare products
% ok 3k
BA # AB hence not commutative Al Reason for conclusion stated
2]
2 2x3—3z(x+3)(Ax2+Bx+C)+D Bl 4=2
Ml Evidence of comparing coefficients or other valid method (may be
implied)
B=-6,C=18,D=-57 A3 1 mark each for B, C and D, c.a.o.
[5]
3 6 —10x6*+37x6+p=0 M1 Substituting in 6, or other valid method
=p=-78 Al cao
z3—1022+37z—78:(z—6)(zz—4z+13) Ml Valid attempt to factorise
Al Correct quadratic factor
4++/16-52 .
z= f =2+3]j Ml Valid method for solution of their 3 term quadratic
So other roots are 2+ 3j and 2 — 3] Al One mark for both cao
[6]
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Question Answer Marks Guidance

4 n n n

2’” ’ (” - 1) ZZ - Z” ’ M1* Attempt to split into two summations.

r=1 r=l1 r=1

_1,2 ( n+ 1)2 1, ( n+ 1) ( 7+ 1) Ml Attempt to use at least one standard result appropriately

4 6 Al Correct
=%}’l(n+1)(37’l2 —n—2) , oe
M1 dep * | Attempt to factorise using either n(n—1) or n(n + 1)
or %n(n—l)(&z2 +5n+2), oe
Z%n(n+l)(n—1)(3n+2) A2 All correct
SC A1 correct but (3kn + 2k) / 12k seen
[6]
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Question Answer Marks Guidance
5 z
0’25“32:2(0’—1) Bl Substitution
( ) ( o 1))3 _5 (2 ( w— 1))2 +3 ( P ( o — 1)) _4-0 Ml Substitute their expression for z into cubic and attempt to expand
—dar - 220> +350—19=0 A4 Minus 1 each error (allow integer multiples)
[6]
OR OR
a+pf+y=35
af+ay+ By =3 B1 Correct sums and products of roots
afy =4
Let new roots be £, [, m then
1 -B
k+ltm=—(a+f+y)+3=—=— M1 Attempt to use root relations of original equation to find all three
7 4 p g q
. sums and products of roots in related equation
ki + km + Im =Z(aﬂ+ay+ﬂy)+
35 C
a+pf+y)+3=—=—
( ) 4 A
1 1
klm = gaﬂy+z(aﬂ+ﬁ7 +py)
1 19 -D
+—(a+p+y)+l=—=—
2 ( d 7) 4 4
11 35 19
3 2
>0 -——o +—o-——=0
4 4 *)

3 2 _
=40 220" +350-19=0 A4 SC (%) A3

Minus 1 each error (allow integer multiples)

[6]
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6 "
Whenn=1, Y 73" =1x3’ =1
r=1
Ir., 1
and 2[3 (2n—1)+1]= Z[3X(2_1)+1] =1,sotrue forn=1 Bl
k
a1
Assume Z’”3 ‘= Z[3k (2k-1)+ 1] El Assuming true for k
r=1
k+1 1 . . .
z 3 _[3,c (2k B 1) N 1] N (k N 1) ghet M1 Adding (k + 1) th term (incorrect expressions on LHS lose final
r=1 4 El)
L k . 1
= 2[3 (2k-1)+1+4(k+1)3 ] M1 dep* Attempt to obtain factor of "
L3 k-1 a (k1)) +1] Mldep* | For [ 3" (ak+b)+c| ¢ =0
4 P
Lo
= Z[3 (6k+3)+1]
_ 1 k+1
_2[3 (2k+1)+1] Al
=l[3k+1(2(k+1)—1)+1:| Or target seen
4 g
Therefore if true for n = k it is also true forn = k+1. El Dependent on Al and previous E1
Since it is true for £ = 1, it is true for all positive integers. El Dependent on B1 and previous El
[8]
7 1M -1,0), (4,0
( . ) (2 ) B1 Both x-intercepts
(07 ?) B1 y-intercept
2]
7 | (i) x=—V3, x=+3,y=2 B1,B1,BI*
3]




PMT

4755 Mark Scheme January 2012
Question Answer Marks Guidance
7 | (iii) Evidence of method needed e.g. evaluation for ‘large’ values or Ml
convincing algebraic argument
(A)Large positive X, y—> 2% so from above Al dep* Allow lfy =2 indicated but not explicit in (11)
(B) Large negative x, y — 2" so from below Al dep* | SCBI dep* Correct (4) and (B) following MO
3]
7 | (iv)
Bl Correct asymptotes shown and labelled
B1 Correct central branch with intercepts labelled
B1 Correct shape. Allow asymptotes atx =43 and y =k, k> 0.
asymptotic behaviour shown with clear minimum in the LH
branch.
3]
7™ (x+1)(2x-1)=2(x*-3)
5 Ml Finding where curve cuts y =2 (or valid solution of an inequality)
X=-
x<-=5 B1
or
~S3<x<3 Bl
3]
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8 | ()
B3 Circle, B1; centre 4, B1; radius 3 with evidence of scale B1;
[3]
8 | (ii) Bl Tangent OA
Bl Tangent OB
2]
8 | (iii) B1 Region outside their circle indicated
B1 Correct region shown
2]
8 [ (iv) .
a= arcsmz M1 Valid method ft their tangents if circle centred on any axis
o =0.848
[ =—0.848 A2 ft One for egch; accept 48.6° and —48.6°
Al maxif a< p
[3]
9 | (@) R represents a rotation through 90° B1
R’ represents 4 successive rotations through 90°, making 360°, Bl 4 successive rotations
which is a full turn, which is equivalent to the identity El Interpretation of R*and I required
[3]
9 | (i) R’ represents a rotation of 90° clockwise about the origin. B1 Rotation, angle, centre and sense
R - 0 1
1.1 o Bl
2]

10
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9 | (iii) 1 3
S = j_ 2 B2 One mark for each correct column (allow 3sf)
3 1
2 2
2]
9 | (iv) m=3
n=2 Bl m=3andn=2
S’ = R? because both represent a rotation through 180° E1l
[2]
2 1M 1oB) (A
0 -1\ 5 5 T, o
RS=( J 2 20 2 2 M1 Alft | ft their S
Lo ﬁ ! 1 _ﬁ -1 each error
2 2 2 2
RS =SR because RS represents a 60° rotation anticlockwise
about the origin followed by a 90° rotation anticlockwise about
the origin, making a total rotation of 150° anticlockwise about El Convincing explanation, correct, no ft

the origin. SR represents these two rotations in the opposite
order, but the net effect is still a rotation of 150° anticlockwise
about the origin.

31

11
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1 |3 Transformation A is a reflection in the y-axis. B1
Transformation B is a rotation through 90" clockwise about the Bl
origin.
[2]
1 (i) 0 1) -1 0) (0 1 M1 | Attempt to multiply in correct order
= Al
-1 0)lo 1) {1 o cao
2]
1 | (iii) Reflection in the line y = x B1
1]
2 | () 2 M1 Use of Pythagoras
|Zl|=\[32 +(3\/§) =6 Al cao
33 o« MI
arg(z, )= arctanT =3 Al | cao
[4]
2 | (i) 5 53 M1 May be implied
= 2 + TJ Al cao
[2]
2 | (iii) Because z, and z, have the same argument El Consistent with (i)
1]
3 a -8 _ M1 Attempt to use sum of roots
a+g+a—7—?:a— Al Value of & (cao)
1
Other roots are -5 and 3
- - Ml Att tt duct of root
Product of roots = ?zﬁ:qzlo Al q:efl(l)pc‘;;l‘se PrOGuet o7 Toots
) ) p M1 Attempt to use sum of products of roots in pairs
Sum of products in palrs:§=—11:>p =-33 Al »=-33 cao
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OR, for final four marks
(x—2)(x+5)(3x—1) M1 Express as product of factors
=3x" +8x —33x+10 M1 Expanding
= p=-33andg=10 Al p=-33 cao
Al q =10 cao
[6]
4 M1* . 2
3 >1:>3(x—4) >(x—4)2 Multiply through by (x—4)
x—4
= 0>x" —11x+28
=0>(x—4)(x—7) MIldep* | Factorise quadratic
=>4<x<7 B2 One each for 4 <x and x <7
OR
3 7—x M1* Obtain single fraction > 0
-1>0 = >0
x—4 x—4
Consideration of graph sketch or table of values/signs Mldep*
=4<x<7 B2 One each for 4 <x and x <7
OR
3=x—-4= x =7 (each side equal)
x =4 (asymptote)
Critical values at x=7 and x =4 M1* Identification of critical values at x=7 and x=4
Consideration of graph sketch or table of values/signs Mldep*
4<x<7 B2 One each for 4 < x and x <7
OR
Consider inequalities arising from both x <4 and x > 4 MI1*
Solving appropriate inequalities to their x > 7 and x <7 Mldep*
d<x<7 B2 One for each 4 < x and x <7, and no other solutions

[4]
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5 | @ 1 1 2r+3-(2r+1) 2 M1 | Attempt at common denominator
2r+1 2743 (2r+1)(2r+3) (27 +1)(2r +3) Al
[2]
5 | (ii) 320 1 1 i 1 1 M1 Use of (i); do not penalise missing factor of £
S (2r+1)(2r+3) 25[2r+1 2r+3
1 [( 11 ) ( 11 j ( 11 j ( 11 ﬂ M1 | Sufficient terms to show pattern
=—||——=|+|——— |+ t| ——— |[+| ———
2[\3 5 5 7 59 61 61 63
171 1 10 Ml Cancelling terms
:E 3 63 :5 Al Factor Y2 used
Al o€ cao
[5]
6 (i) a2:3)(2:6,a3:3)(7:21 B1 cao
1]
6 | (ii) 5%3°_3 5x3"" -3
Whenn=1, ><Tzl,sotrue forn=1 Bl Showing use of ansz
5x37-3
Assume a, = T El Assuming true for n =k
5x37 -3
=a, =3 Y +1 Ml a,., , using a; and attempting to simplify
5x3° -9 5x3°-9+6
=—+3=————
2 2
_5x3f -3 5 30kehl_3 Al Correct simplification to left hand expression.
-—5— = ER—
But this is the given result with £ + 1 replacing . May be identified with a ‘target” expression using n =k +1
Therefore if it is true for n = k it is also true forn = k+1. El Dependent on Al and previous E1
Since it is true for n = 1, it is true for all positive integers. E1l Dependent on B1 and previous E1

[6]
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7

®

(-5. 0), (5, 0)’(0’ %

Bl
B1
B1

[3]

-1 for each additional point

(i)

2
x=3, x=-4, xz—g and y=0

Bl
B1
B1
Bl

[4]

(iii)

Some evidence of method needed e.g. substitute in ‘large’
values or argument involving signs

Large positive x, y — 0"
Large negative x, y >0~

Mi

Bl
Bl

[3]

@iv)

BI1*
Bldep*
B1
Bl

[4]

4 branches correct

Asymptotic approaches clearly shown
Vertical asymptotes correct and labelled
Intercepts correct and labelled
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8 1 3(1+3j)3 —2(1+3j)2 +22(1+3j)+40 M1 Substitute z=1+3j into cubic
-\ 2 . 3 .
=3(-26-18j) - 2(~8+6j)+22(1+3])+40 Al AL | (143]) =-8+6j, (1+3j) =-26-18]
=(-78+16+22+40)+(-54—-12+606)]
=0 . Al Simplification (correct) to show that this comes to 0 and so
So z=1+3 isaroot A
z=1+3j isaroot
[4]
8 | (ii) All cubics have 3 roots. As the coefficients are real, the complex El Convincing explanation
conjugate is also a root. This leaves the third root, which must
therefore be real.
1]
8 | (iii) 1-3j must also be a root Bl
_ Ml
Sum of roots = —?2 =§ OR product of roots =—— Attempt to use one of Z a.apy, Z ofp
22
OR ZO{ﬂ = ?
40 A2,1,0 | Correct equation
(1+3j)+(1—3j)+a=§ OR(1+3))(1-3))a =~ d
. . . . 22
OR (1-3/))A+3))+(1-3))a+(1+3))x :?
4 Al Cao
>oa= 3 is the real root
OR
1—3j must also be a root B1
(z=1+3j)(z-1-3j)=2z"-2z+10 M1 Use of factors
Al Correct quadratic factor
322 =222 +222+440= (2> =2z +10)(3z+4) =0 Al Correct linear factor (by inspection or division)
Al Cao

-4
=z= ? is the real root

[5]
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9 @) p=Tx(-4)+(-1)x(-19)+(-1)x(-9) =0 El AG must see correct working
q=2x11+1x(=7)+kx(2-k) M1
=q=15+2k-k Al AG Correct working
31
9 | (i) 79 0 0 B2 -1 each error
AB= 0 79 0
0 0 79
-4 -5 11 Ml Use of B
A L -19 -4 -7
79
-9 31 5
Bl 1
79
Al Correct inverse
[5]
9 | (iii) N -4 -5 11\ 14 2 M1 | Attempt to pre-multiply by their A™'
y|i=—|-19 -4 -7|-23|=-3
79
z -9 31 5 9 8
=>x=2,y=-3,z=8 Al SC A2 for x, y, z unspecified
Al sSC B1 for A™ not used or incorrectly placed.
Al
[4]

10




PMT

OCR®
RECOGNISING ACHIEVEMENT GCE

Mathematics (MEI)

Advanced Subsidiary GCE
Unit 4755: Further Concepts for Advanced Mathematics

Mark Scheme for January 2013

Oxford Cambridge and RSA Examinations



PMT

OCR (Oxford Cambridge and RSA) is a leading UK awarding body, providing a wide range of
qualifications to meet the needs of candidates of all ages and abilities. OCR qualifications
include AS/A Levels, Diplomas, GCSEs, Cambridge Nationals, Cambridge Technicals,
Functional Skills, Key Skills, Entry Level qualifications, NVQs and vocational qualifications in
areas such as IT, business, languages, teaching/training, administration and secretarial skills.

It is also responsible for developing new specifications to meet national requirements and the
needs of students and teachers. OCR is a not-for-profit organisation; any surplus made is
invested back into the establishment to help towards the development of qualifications and
support, which keep pace with the changing needs of today’s society.

This mark scheme is published as an aid to teachers and students, to indicate the requirements
of the examination. It shows the basis on which marks were awarded by examiners. It does not
indicate the details of the discussions which took place at an examiners’ meeting before marking
commenced.

All examiners are instructed that alternative correct answers and unexpected approaches in
candidates’ scripts must be given marks that fairly reflect the relevant knowledge and skills
demonstrated.

Mark schemes should be read in conjunction with the published question papers and the report
on the examination.

OCR will not enter into any discussion or correspondence in connection with this mark scheme.

© OCR 2013



PMT

4755

Annotations

Mark Scheme

January 2013

Annotation Meaning
vand x
BOD Benefit of doubt
FT Follow through
ISW Ignore subsequent working
MO, M1 Method mark awarded 0, 1
A0, A1 Accuracy mark awarded 0, 1
BO, B1 Independent mark awarded O, 1
SC Special case
A Omission sign
MR Misread
Highlighting
Other abbreviations in Meaning

mark scheme

E1 Mark for explaining
U1 Mark for correct units
G1 Mark for a correct feature on a graph
M1 dep* Method mark dependent on a previous mark, indicated by *
cao Correct answer only
oe Or equivalent
rot Rounded or truncated
SOi Seen or implied
WwWwW Without wrong working
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Subject-specific Marking Instructions
a Annotations should be used whenever appropriate during your marking.

The A, M and B annotations must be used on your standardisation scripts for responses that are not awarded either 0
or full marks. It is vital that you annotate standardisation scripts fully to show how the marks have been awarded.

For subsequent marking you must make it clear how you have arrived at the mark you have awarded.

b An element of professional judgement is required in the marking of any written paper. Remember that the mark scheme is
designed to assist in marking incorrect solutions. Correct solutions leading to correct answers are awarded full marks but work
must not be judged on the answer alone, and answers that are given in the question, especially, must be validly obtained; key
steps in the working must always be looked at and anything unfamiliar must be investigated thoroughly.

Correct but unfamiliar or unexpected methods are often signalled by a correct result following an apparently incorrect method.
Such work must be carefully assessed. When a candidate adopts a method which does not correspond to the mark scheme,
award marks according to the spirit of the basic scheme; if you are in any doubt whatsoever (especially if several marks or
candidates are involved) you should contact your Team Leader.

c The following types of marks are available.

M

A suitable method has been selected and applied in a manner which shows that the method is essentially understood. Method
marks are not usually lost for numerical errors, algebraic slips or errors in units. However, it is not usually sufficient for a
candidate just to indicate an intention of using some method or just to quote a formula; the formula or idea must be applied to
the specific problem in hand, eg by substituting the relevant quantities into the formula. In some cases the nature of the errors
allowed for the award of an M mark may be specified.

A
Accuracy mark, awarded for a correct answer or intermediate step correctly obtained. Accuracy marks cannot be given unless
the associated Method mark is earned (or implied). Therefore MO A1 cannot ever be awarded.

B
Mark for a correct result or statement independent of Method marks.
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E
A given result is to be established or a result has to be explained. This usually requires more working or explanation than the
establishment of an unknown result.

Unless otherwise indicated, marks once gained cannot subsequently be lost, eg wrong working following a correct form of
answer is ignored. Sometimes this is reinforced in the mark scheme by the abbreviation isw. However, this would not apply to a
case where a candidate passes through the correct answer as part of a wrong argument.

d When a part of a question has two or more ‘method’ steps, the M marks are in principle independent unless the scheme
specifically says otherwise; and similarly where there are several B marks allocated. (The notation ‘dep * is used to indicate
that a particular mark is dependent on an earlier, asterisked, mark in the scheme.) Of course, in practice it may happen that
when a candidate has once gone wrong in a part of a question, the work from there on is worthless so that no more marks can
sensibly be given. On the other hand, when two or more steps are successfully run together by the candidate, the earlier marks
are implied and full credit must be given.

e The abbreviation ft implies that the A or B mark indicated is allowed for work correctly following on from previously incorrect
results. Otherwise, A and B marks are given for correct work only — differences in notation are of course permitted. A (accuracy)
marks are not given for answers obtained from incorrect working. When A or B marks are awarded for work at an intermediate
stage of a solution, there may be various alternatives that are equally acceptable. In such cases, exactly what is acceptable will
be detailed in the mark scheme rationale. If this is not the case please consult your Team Leader.

Sometimes the answer to one part of a question is used in a later part of the same question. In this case, A marks will often be
‘follow through’. In such cases you must ensure that you refer back to the answer of the previous part question even if this is not
shown within the image zone. You may find it easier to mark follow through questions candidate-by-candidate rather than
question-by-question.

f Wrong or missing units in an answer should not lead to the loss of a mark unless the scheme specifically indicates otherwise.
Candidates are expected to give numerical answers to an appropriate degree of accuracy, with 3 significant figures often being
the norm. Small variations in the degree of accuracy to which an answer is given (eg 2 or 4 significant figures where 3 is
expected) should not normally be penalised, while answers which are grossly over- or under-specified should normally result in
the loss of a mark. The situation regarding any particular cases where the accuracy of the answer may be a marking issue
should be detailed in the mark scheme rationale. If in doubt, contact your Team Leader.
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g Rules for replaced work

If a candidate attempts a question more than once, and indicates which attempt he/she wishes to be marked, then examiners
should do as the candidate requests.

If there are two or more attempts at a question which have not been crossed out, examiners should mark what appears to be
the last (complete) attempt and ignore the others.

NB Follow these maths-specific instructions rather than those in the assessor handbook.
h For a genuine misreading (of numbers or symbols) which is such that the object and the difficulty of the question remain
unaltered, mark according to the scheme but following through from the candidate’s data. A penalty is then applied; 1 mark is

generally appropriate, though this may differ for some units. This is achieved by withholding one A mark in the question.

Note that a miscopy of the candidate’s own working is not a misread but an accuracy error.
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1 | @) A is a reflection in the line y = x B1
B is a two way stretch, (scale) factor 2 in the x-direction and B1 Stretch, with attempt at details.
(scale) factor 3 in the y-direction Bl Details correct.
[3]
1 | (i) 2 00 1 0 2 Ml Attempt to multiply in correct order
BA = = Al
0 3)\1 0O 30
2]
2 z a+bj ( a+ bj)z Ml Multiply top anq bottom by a + bj and
—= = - - attempt to simplify
z a-bj (a-bj)(a+bj)
_d® +2abj- b’ ML | Using j2 =-1
a+b
Lrel 2o a?—b? and Im( z j_ 2ab Al cao correctly labelled
o 4’ + b2 = a4+ b’ Al cao correctly labelled
[4]
3 z=2-] isalso aroot Bl Stated, not just used.
afy =L, or aff+ Py +ya =2, with M1 Attempt to use roots in a relationship Allow incorrect signs
af =2+ /)2~ j)=5used. Al Correct equation obtained for J .
OR (az + b)(Z -2+ J) (Z —-2- ]) =27"+pz’ +222-15 M1 | Attempt use of complex factors. Allow incorrect signs (z+...)
2 _n.3 2 B
= (aZ + b) (Z —4z+ 5) =22+ pz +222-15 Al Correct complex factors; one pair of
factors correctly multiplied
OR 2(2+11j)+ p(3+4))+22(2+ j)—-15=0 ML | Substitution Allow an incorrect sign
Al correct equation
Complete valid method for then obtaining the other unknown. M1 Root relation, obtaining linear factor, Signs correct
equating real and imaginary parts
Al Al | FT one value

real root Z%,p =-11

[6]
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4 i 2 _ i _ 2 _ E2,1,0 | Discriminant < 0 shown and sign of Allow complex roots found, with
x° —x+ 2 has discriminant -7, so X~ —x+2 # 0 and when ) i X
eg x=0, x’ —x+2>0 so positive for all x X" —x+2 or curve position discussed. etsion
OR
xP—x+2= (x —1?11>750 forallx. E2,1,0 | Completing square and minimum value
2 4 discussed
ORusing y= x* —x+2
dy 1 , &
a =2x-1=0whenx =3 and y =%; >=2>0 E2,1,0 | Calculus, showing minimum value>0.
Hence y has minimum value, and y > £ >0 for all x.
2]
4 | (i) 2x
————>x
X —x+2
=2x>x —x* +2x M1 Valid attempt to eliminate fraction Or combine to one fraction > or<0
—=0>x —x2=0> x> ( x— 1) M1 Simplification and factors In numerator
0, 1 critical values Al Both, no other values given.
x<1 Al
=x<0or0<x<l or x<Lx#0 Al cao
[5]
OR
Graphical approach by sketching
2x 2x M2,1,0 | Accuracy of sketch
y=———and y=Xor y=——-—X
X' —x+2 X' —x+2
Critical values 0 and 1 Al Both
x<1 Al
=>x<0or0<x<l or x<lLx#0 Al cao

5]
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5 (i) 100 1 100 1 1 M1
= (5+3r)(2+43r)  SL2+43r 543
1 1 1 1 Ml Write out terms (at least first and last
= k[(g - §J + (g - ﬁj terms in full)
1 1 Al
302305 )
. ( 1 1 j Ml Cancelling inner terms
(5 305
20 4
305 61 Al cao
[5]
(i) n
15 Bl
1
6
Whenn=1, (—1)02 =1
2
) Bl
and 1° =1, so true forn =1
Assume true forn =k
g+ 3 ( l)H e ( 1)H k(k+1) El Assuming true result for some 7 . Condone series shown incomplete
=1 -2 +3 - +(- =(- —_—
2
=1 -2 +3 ()T (=) (k1) .
i (k N 1) Ml Adding (k + 1) th term to both sides.
:(_l)kfl 2 +(_1)k+171 (k+1)2
—k(k+1
= (—l)k {(—) + (k + 1)2} M1 Attempt to factorise (at least one valid
2 Dep* | factor)
_ (_l)k (k N 1) —k k4l Al Correct factorisation Accept (—1)**"
2 provided expression correct.
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k+2
=(-1) (% H)(T) Al | Valid simplification with (-1)*
a n(n+1
=(—1)[ ﬂ%, n=k+1 El Or target seen
Therefore if true for n = k it is also true forn = k+1 Dependent on A1l and previous E1
Since it is true for n = 1, it is true for all positive El Dependent on B1 and previous E1
integers, n.
[8]
7 | (@) Asymptotes
y=0, Bl
x=5x=8 B1 both
Crosses axes at (4, O), (O,—%) Bl Bl
x—4
————>0=x>8o0rd<x<5 Bl BI1
(x -5 )(x - 8)
[6]
7 | (i) x—4 Attempt to remove fraction and simplify
X k= x—4=k —13kc+40k Mi
(x=35)(x-8)
= kx? —(13k+1)x+40k+4=0 Al 3 term quadratic (= 0)
5 L
b —dac = (1 3k + 1) — 4k (40k + 4) Ml Attempt to use discriminant
=9k +10k +1 Al Correct 3-term quadratic
Critical values —1,-1/9 Al Roots found or factors shown
For no solutions to exist, 9k +10k +1<0
= -1<k<-1 El
No point on the graph has a y coordinate in the range El Accept equivalent statement
=>-l<y<—35
[7]
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8

(@

Im

Re

The set of points for which |Z - (—8 + 15j)| <10 is all points

inside the circle, radius 10, centre (—8, 15) , excluding the

points on the circumference.

B4

[4]

Circle, B1; radius 10, B1;

centre (—8, 15 ) , Bl;all points inside but

not on circumference of the correctly
placed circle, B1

The circle should be reasonably
circular.

The radius should be shown to be 10
by annotation as in the diagram or by
other positions marked.

The centre point should be indicated
and correct.

The region should be shown by a key
or by description. Accept a “dotty”
outline to a shaded interior.

Correctly placed: the “circle” must lie
above the Re axis and intersect the Im
axis twice as in the diagram.
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i M1 +8+15/
8 | ) Origin to centre of circle =1/(—8)2 +15* =17. Allow centre at £8+15/ and FT
Origin to centre of the circle £ 10 M1 Use of radius of circle
Point A is the point on the circle furthest from the origin. Since El Correct explanation for both
the radius of the circle is 10, OA = 27. Point B is the point on
the circle closest to the origin. Since the radius of the circle is
10, OB=7. Hence for z in the circle
7<|7|<27
3]
8 | (iii) P is the point where a line from the origin is a tangent to the B1 Correctly positioned on circle Allow circles centred as in (ii)
circle giving the greatest
argument 0, —7<0<7x
|p| =177 =10° =189 =13.7 (3 s.)) Bl | Accept v/189 or 3+/21 or 13.7
T 8 10 Ml Attempt to calculate the correct angle. Correct circle only
arg p = — + arcsin — + arcsin—
2 17
=2.69 3s.f) Al cao Accept 154
[4] . :
9 | @) (8x4)—(7x5)—(12x1)=-15 M1 | Any valid method soi
1 Al No working or wrong working
=k=-15 SCB1
2] -
9 | (i) X | 4 2 3)\ 14 -1 Bl Use of A~ in correct position(s) Condone missing &
Y= _E 54 0)=25= 2 M1 Attempt to multiply matrices to obtain
z 1 -1 2){ 3 -3 column vector
x=-1,y=2,z=-13 A2 —1 each error
[4]
9 | (iii) (1 % a) + (_g x _4) T (_21 x 2) =0=>a=10 MI Attempt to multiply BB~ matrices to
find a or b soi
(=7x5)+(5x1)+(15xb)=0=b=2 Al | Forboth
2]

10
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9 | (iv) ( AB)fl B'A™ B1 By notation or explicitly
1 0 5 4 2 3 Ml Attempt to multiply in correct sequence, | Must include &
may be implied by the answer (at least 7
=54 3 ljx—7|5 4 0 elements correct)
2 1 2 I -1 2
9 -3 13 A2 —1 each error FT their value of b.
= —L -30 -21 -10
45
15 6 10

[4]

11
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1 2 2 Evidence of comparing coefficients, or multiplying out
2 - = -2)(A B D . .
* (x > ) (¥ )( X+ BrrC ) N Ml the RHS, or substituting. May be implied by A =2 or
D=-4
Comparing coefficients of x*, A = 2 Bl
Comparing coefficients of x°, B—2A=0= B = 4 Bl
Comparing coefficients of x, C —2B =-10= C = -2 Bl
Comparing constants, D - 2C = 0 = D = —4 B1 Unidentified, max 4 marks.
[5]
2 3. ,
= —isaroot = (2z - 3)isa factor. M1 3
2 Use of factor theorem, accept 2z + 3,z + —
2
- (2z—3)(z2+bz+c)=(2z3+9z2+2z—30) M1 Attempt to factorise cubic to linear x quadratic
Other roots when z> + 6z + 10 = 0 M1 Compare coefficients to find quadratic (or other valid
complete method leading to a quadratic)
Al Correct quadratic
z = “6£V36-40 Ml Use of quadratic formula (or other valid method) in
2 their quadratic
=-3+jor —3-j Al oe for both complex roots FT their 3-term quadratic
provided roots are complex.
3 9 3 3 3 .
OR —+B+y=-—,—By=15,0or =B+ By +—y=1 M1 Two root relations (may use o )
2 2 2 2 2
B+y=-6B8y=10 M1 leading to sum and product of unknown roots
2 4+62+410=0, M1 and quadratic equation
Al which is correct
z= Z6£V36-40 Ml Use of quadratic formula (or other valid method) in
2 their quadratic
=-3+jor —3—j Al oe For both complex roots FT their 3-term quadratic
provided roots are complex.
or roots must be complex, soa + bj,2a = -6,9+b" =10 M1 . . L
Al SCMOBI1 if conjugates not justified
z2=-3+j,z=-3-]
[6]
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3 14 —2-4p=0 Ml Any valid row x column leading to p
1
= p=-— Bl
2
[2]
3 | (i) (%) (-39) Correct solution by means
| | | . of simultaneous equations
N Attempt to use N
y =N 5 M1 can earn full marks.
z L 22 J
(1 0 2 )(=39) M1 elimination of one
| I | unknown,
=2 1 3 5 Ml Attempt to multiply matrices (implied by 3x1 result) M1 solution for one
_ _ unknown
Ry
(5 Al one correct,
| ‘ Al One element correct Al all correct
= -7
L 5 J Al All 3 correct. FT their p
[4]
4 | @)
z,=5 cos—+ jsin ) M1 May be implied
SRy
BEAL " > \/2_ i Al oe (exact numerical form)
2 2
[2]
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4 | (ii) ( \
542 52
z,+z,=3+ \/_+L—2+ \/_Jj—6.54+1.54j
2 2 M1 Attempt to add and subtract z, and their z, - may be
s o o s ) implied by Argand diagram
4 -z, =3~ \/_+L—2—£Jj— —0.54 - 5.54]
2
<,
+ Z,
B3 For points cao, -1 each error — dotted lines not needed.
Z1
zZ, -2,
[4]
° z 1 lir : L] M1 F litti ion i All issing 1/4
PN - or splitting summation into two. OW missin
“(ar-3)(4r+1) 4=lar—3 ar+1) PHHRE su W W &
1fer 1y (11 1 1] : .
=—| - —— = M1 Write out terms (at least first and last terms in full)
4{(1 J L 9J L4n—3 4n+1JJ
Al Allow missing 1/4
17 . 1 M1 Cancelling inner terms; SC insufficient working shown
T L dn +1 J above, MIMOMI1AT1 (allow missing 1/4 )
Al Inclusion of 1/4 justified
1[4n+1-1] n .
= — = Al Honestly obtained (AG)
4 L 4n +1 J 4n +1
[6]
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6 x
w=—+1=3(w-1)=x Ml
3
x =5x +3x-6=0
:(3(w—1))3—5(3(w—1))2+3(3(w—1))—6:O M) | Substituting
Al Correct
= 27(w' =3w  +3w-1)-45(w 2w +1)+9w-15=0
= 27w 126w > +180w —87 =0 A3 FT x=3w+3,3wx1 , -1eacherror
= 9w’ — 42w’ +60w—-29=0 Al | cao
OR
In original equation ' & =5,> af =3,a8y =6 MIAL | all correct for Al
New roots A,B,T’
a aff 2
ZA=Z—+3,ZAB=z +=> a+3
3 9 3
apy YaB Ya MI At least two relations attempted
ABT = + + +1 Correct -1 each error FT their 5,3,6
27 9 3 A3
Fully correct equation Al Cao, accept rational coefficients here
[71
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7 |d .
@ Vertical asymptotes at x = -2 and x = L occur when
2 Ml Some evidence of valid reasoning — may be implied
(bx-1)(x+a)=0
= a=2and b=2 Al Al
3
Horizontal asymptote at y = — so when x gets very large, Al
2
ex’ 3
—— > —= =3
(2x-1)(x+2) 2 [4]
7 | (i)
Valid reasoning seen M1 Some evidence of method needed e.g. substitute in
‘large’ values with result
3
Large positive x, y > — from below
23 Al Both approaches correct (correct b,c)
Large negative x, y - — from above
2
1
x=,-2 = —
: 1 2

Bl LH branch correct
B1 RH branch correct
Each one carefully drawn.

[4]
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7 | (iii) 32 ,
(2x-1)(x+2) 1= 3= (e (xr2) Ml Or other valid method, to values of x (allow valid solution of
inequality)
= 0=(x-2)(x-1)
Explicit values of x
= x=lorx=2 Al
3x
From the graph ——— <1
(2x-1)(x+2)
1
for -2<x<—orl<x<?2 B1 B1 | FT their x=1,2 provided >1/2.

2

[4]
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8 (i) n n n
Z[r(r—l)—l]=2r2—2r—n M1 Split into separate sums
r=1 r=1 r=1
1 1
=—n(n+1)(2n+1)=—=n(n+1)-n Ml Use of at least one standard result (ignore 3™ term)
6 2
Al Correct
1
=—n[(n+1)(2n+1)=3(n+1)-6] Ml Attempt to factorise. If more than two errors, MO
6
1 2
=—n[2n" —-8]
6
1 ) . 1
=—n[n" —4] Al Correct with factor —n oe
3 3
1 .
=—n(n+2)(n-2) Answer given
3
[5]
8 | (ii) Whenn=1,
z [r(r—l)—l]: (le)—lz -1
r=1
1 1
and —n(n+2)(n—2):—><l><3><—1: -1
3 3
So true forn =1 Bl
Assume true forn =k El Or “if true for n=k, then...”
k
1
S{r(r=1)-1]=—k(k+2)(k-2)
r=1 3
k+1
MI1* Add (k + 1)th term to both sides

=3 Z[r(r—l)—l]:1—k(k+2)(k—2)+(k+l)k—1
3

4
Kk - —k+k—1
3
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1
=—(k+ 1)(k P42k - 3) Ml*d °P Attempt to factorise a cubic with 4 terms
3
1
=—(k+1)(k+3)(k-1) Al
3
1 Or=1% 2)(n —2) wh =k+1;
= —(k+1)((k+1)+2)((k+1)-2) r=gn(n+2)(n-2) where n = k +
3 or target seen
But this is the given result with n = k + 1 replacing n = k.
Therefore if the result is true for n = £, it is also true for n = El Depends on Al and first E1
k+1.
Since it is true for n = 1, it is true for all positive integers, n. El Depends on B1 and second E1
[7]
9 | (i) Q represents a rotation B1
90 degrees clockwise about the origin Bl Angle, direction and centre
[2]
YL@ o Sy (-2) "
CIEDCVNEY
P=(-2,2) Al Allow both marks for P(-2, 2) www
[2]
9 | (iii) (0 —1\x) (=) Or use of a minimum of two points
= Ml
o))
[ is the line y = —x Al Allow both marks for y = —x www
[2]
9 | (iv) (0 —1\(x) (=-y) (-6) Use of a general point or two different points leading to
- - Ml | [=6)
LO IJLYJ LYJ L6J L J
6
n is the line y = 6 B1 y=6; if seen alone M1Bl1
[2]
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91|\ detM = 0 = M is singular (or ‘no inverse’). Bl WWW

The transformation is many to one. El Accept area collapses to 0, or other equivalent statements

[2]

9 | (vi) (0 1)(0 -1} (0 1) .

R=QM = = M1 Attempt to multiply in correct order

rollo )7l )

(0 1\ x) (y) Or argue by rotation of the line y = —x

LO 1M yJ L YJ

q is the line y = x Al y = x SC B1 following M0

[2]
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1 i r(r—2) :i P2 2i ’ M1 Separate sum (may be implied)
7=l 7=1 4
= én(n +1)(2n+1)—n(n+1) A1,A1 | 1 mark for each part oe
= én(n +D[(2n+1)-6] Ml n(n+1)(linear factor) seen
= én(n +1)(2n-5) Al Or n(n+1)(2n—5)/ 6 only, ie 1/6 must be a factor
[5]
2| -3 2 BLBI 1 mark for each column. Must be a 2x2 matrix
-2 1 ’ Condone lack of brackets throughout
[2]
2 | (ii) 1 0
B1
0 -1
[1]
2 | (i) =3 =2 BLBI 1 mark for each column (no ft). Must be a 2x2 matrix
2 -1 ’
[2]
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3 z=2-3j is also a root B1
Either
(z—(2+3)))(z-(2-31))=((z=2)+3)))((z-2)-3]) M1 | Condone (z+ 2+ 3j)(z+ 2-3))
=7"—4z+13 Al Correct quadratic
=57 4157 —-5z-26= (ZZ —47+ 13)(22 —z— 2) M1 Al Valid method to find the other quadratic factor. Correct
quadratic
(22 —z—2)=(z—2)(z+1)
So the other roots are 2 and —1 Al,A1 | 1 mark for each root, cao
(7]
Or
243j+2-3j+y+5=50¢e B1 Sum of roots with substitution of roots 2+3j for a and S
(2+3/)(2-3))yd =-26 M Attempt to obtain equation in ¥ using a root relation and
o =-2 2+3j
=>4+y+5=5=>y=1-0
and 130 =-26=>y5=-2 M1 Eliminating ¥ or ¢ leading to a quadratic equation
= 5(1 - 5) =2=6-5-2=0 Al Correct equation obtained
= (5+1)(6-2)=0
So the other roots are — 1 and 2. AlAl 1 mark for each, cao
If 2, -1 guessed from y+6 =1 and 0 =—-2 give Al Al for
these equations and A1A1 for the roots.
SC factor theorem used. M1 for substitution of z =—1(or 2) or
division by (z + 1) (or by z— 2), Al if zero obtained, B1 for the
root stated to be — 1(or 2). For the other root, similarly but
MI1A1A1 Max [7/7]
Answers only get MOMO, max [1/7]
[7]
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4 n 1 1 i 1 1 M1 Split to partial fractions. Allow missing Y%
(2r+3)(2r+5) 24 2r+3 2r+5

1171 1 1 1 M1 Expand to show pattern of cancelling, at least 4 fractions
= 5 (g - ;j + (; ) +to..t+ ( - e Sj Al All correct, allow missing % , condone r
111 1 n Ml Cancel to first minus last term must be in terms of #.
515 ahes T 5(2n N 5) Al oe single fraction
[5]
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5 Either
+1 -1
y=3x-1=>x= yT MI1* | Change of variable, condone y3 ,% +1.
3 2 . . . .
y+1y  (y+l y+1Y) o M1ldep* | Substitute into cubic expression
33( 3 ] 9( 3 j —i{ 3 =0 Al Correct
Correct coefficients in cubic expression (may be fractions) A3ft | ft their substitution (-1 each error)

=y —6y"—12y-14=0 Al cao. Must be an equation with integer coefficients
(7]
Or
9 Ml All three root relations, condone incorrect signs
a+pf+y=—=3
3
1
aff+ay+ Py = 3
1 Al All correct
afy ==
3
Let new roots be &, [, m then Using (3a-1) etc in Zk, Zkl ,klm , at least two attempted, and
= 3= M1
k+l+m=3(a+B+y)-3=6 using Y, S . afy
kl+km+Im=9(af+ay+pr)—6(a+pB+y)+3=-12
11
kim=27afy —9(af+ By + Pr)+3(a+p+y)—1=14 A3ft | One each for 6, — 12, 14, ft their 3,5,5.
=y =6y —12y-14=0 Al cao. Must be an equation with integer coefficients

[7]
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6 11
Whenn=1, —=—
Ix3 3 I 1
n 1 Bl Condone eg “—=—
and =—,sotrue forn=1 33
2n+1 3
Assume true for n =k Assuming true for k, (some work to follow)
If in doubt look for unambiguous “if...then” at next E1
El .
Statement of assumed result not essential but further work
should be seen
Sum of k£ + 1 terms NB “last term = sum of terms” seen anywhere earns final EO
k 1
= k1 + (2k N 1)(2k +3) Ml Adding correct (k + 1)th term to sum for k terms
k(2k+3)+1
(2k +1)(2k +3) M1 | Combining their fractions
2k 43k 41
(2k +1)(2k +3)
_ (k+1)(2k+1) k1 Al | Complete accurate work
(2k+1)(2k+3)  2k+3
which is with n=k +1 May be shown earlier
2n+1
Therefore if true for n = k it is also true forn= k+1. El Dependent on Al and previous E1.
Since it is true for n = 1, it is true for all positive integers, n. El Dependent on B1 and previous E1
EO if “last term”= “sum of terms “ seen above
[7]
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7| 1) 5 5
0,—8 B1 Allow for both x=0 and y = —g seen
(\/g, 0), ( J5, 0) Bl (both) Allow (£+/5,0) or for both y=0andx = +/5 seen
[2]
7 | (ii) a=2 B1
y=0 Bl
x=-3,x=2 B1 Must be two equations
[3]
7 | (iii) y
Two outer branches correctly placed
B1 Inner branches correctly placed
Correct asymptotes and intercepts labelled
B1 For good drawing.
-5 Dep all 3 marks above
o o Bl Look for a clear maximum point on the right-hand branch, ( not
\5 X really shown here).
-5/6
: o 1
Bl Condone turning points in —/5 < x < E ,y<0
- =1 x=2
X=— 3 X /2 [4]
(iv) 1 . . NG
By \/g lex<d x> \/g B3 One mark for each. Strict inequalities. Allow 2.24 for «/5
2 (if B3 then — 1 if more than 3 inequalities)
[3]

10
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8|3
|w| = (22+(2J§)2)=4 Bl
2\/5 Ml

arg w = arctan T =

w | a

I .. T
w= 4(cos—+Jsm—j
3 3

Al

[3]

Accept (4, gj , 1.05rad , 60J in place of g , or 46’/5

11
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8 | (ii) Im W Bl Circle, or arc of circle, centre the origin
B1 Radius 4
. ... T T .. .
Bl Half line from origin Z <angle < 5 with positive real axis
or acute angle labelled as /3
Re Bl Use of negative Im axis clearly indicated
Bl Correct region indicated. Dependent on first 4 B marks
Ignore placing of w.
B1 w at intersection of g line and circle (dep 1% 3 B marks)
Maximum |Z ~ w| _ \/(2 2 (4 ) \/§)2) 173G sh) . Maximum |z - w| indicated by chord on diagram oe or sight of
—4j—(2+23)) oe
Or 2x 4cosl511 = 2v6 +2\/5 Mi Valid attempt to calculate maximum |Z - W|
Al allow 32+ 16\/§ oe (accept 2 s.f. or better)
[9]

12
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9| M B=(-1)(Ba-1)+5a+(-1)(2a+1) M1 | multiply second row of A with first column of B
=3a+1+5a0-20-1=0 Al Correct
[2]
9 | (ii) y= (1) ( 30— 1) +15+ (_1) (Za + 1) M1 Attempt to multiply relevant row of A with relevant column of
B. Condone use of BA instead
=a+13 Al Correct
[2]
9 | (iii) When o =2, y =15 o ] )
Ml Multiplication of B by ,(y # 1) using & =2 in both
5 8 -1 their y
1
Al=—|5 1 2
15 5 _s Al Correct elements in matrix and correct v.
A" does not exist when a = —13 Bift | fttheir y =0 . Condone “a #—13”
[3]
9| (v) 5 -8 —1\(25) (x
1
E 5 1 2 11 |=|y Ml Set-up of pre-multiplication by their 3x3A™", or by B
5 5 5 )\ -23) \z (using @ =2)
60 4
1 ,
= s 9 |=| 6 Bl (60 90 —45) soi need not be fully evaluated
—45 -3
—=>x=4,y=6, z=-3 A3 cao Al for each explicit identification of x, y, z in a vector or a
list. (-1 unidentified)
Answers only or solution by other method, MOAO
[5]

13
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