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8(x—4)x—-14)
4-x° ’

1  Acurve has equation y=

(i) Write down the equations of the three asymptotes. [3]

| 48(3x2 = 20x+12
(ii) Show that g—xX =— ( )

(47
Hence find the coordinates of the stationary points. [6]
(iii) Sketch the curve. [4]
(iv) On a separate diagram, sketch the curve with equation | y? = 8x _44) (;2— 14) .
Give the equations of the asymptotes and the coordinates of the stationary points on this curE/;].
2 (a) Find the sum of the series
1X9 + 2x33 + 3X73 +...+ nf8n? +1),
giving your answer in a fully factorised form. [5]
(b) Solve the inequalityv;(c;_lg) <3. [6]
(¢) Prove by induction that g (r:-'(I;(; _1*_)3) = o _'(_';;-(’11)_:_ 3 - é 9]
3 In this question, « is the complex number —1 + 3j.
(i) Find o2 and o3. [3]
It is given that A and p are real numbers such that 103 +8a2 + 340+ p=0.
(ii) Show that A =3, and find the value of . - [4]

(iii) Solve the equation A/lz3 +87%2 +34z+ 1 =0, where A and y are as in part (ii).

Find the modulus and argument of each root, and illustrate the three roots on an Argand
diagram. [11]

(iv) On your diagram, draw the locus of points representing complex numbers z which satisfy

|z|=]z-al 2]
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3

(i) Find the equation of the line of intersection of the two planes

Sx-2y+2z=28 and 3x-4y-5z=0. [5]
5 2 k -1 3k+8 4k+10
(ii) Find AB, where A=| 3 -4 -S|andB=|-2 2k+20 3k+25
-2 3 4 1 -~11 -14 _

Hence write down the inverse matrix A-1, stating a necessary condition on k for this inverse
to exist. [6]

(iif) Using the results in parts (i) and (ii), or otherwise, solve the equation

in each of the cases
(A) k=8, giving x, y and z in terms of m,
(B) k=1andm=4,

(C) k=1landm=2. [9]
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MARKING SCHEME
1() x=2, x=-2, y=-8 B1BIBI
3
(it) dy  8(4- x2)(2x ~18) - 8(x2 ~18x + 56)(—2x) Mi Use of quotient rule (or equivalent)
o= 373 Al Any correct form
dr 4-x%) 3
_ —48(3x% - 20x +12) ’
- (4-x?) Al (ag) Correctly obtained
=0 when x= % . 6 M1 Solving to obtain one value of x
Stationary points are (—;- , 100) and (6, 4) A2 cao Give Al for one stationary point, or for
6 | both values of x correct
(iii)
' BI LH branch (negative gradient, below
( x-axis)
1
' ' B1 Middle branch with minimum in
| ! correct (or consistent) place
: ) TN B1 RH branch (cutting x-axis at 4 and 14)
=21 2" ™ €3 )
1 Bl Fully correct shape and approaching
..... i 3l B B 4| asymptotes correctly
1 -
t
! !
! !
1 t
. f
(iv)
1 A
\ V|
' )
' 1
1
1
‘ '
¢ ! B4 ft Give B1 (f) for every two of:
' | * No graph in x <2, graphin x> -2
1' ! m > » Graph in 4 < x <14and no graph on
- 4 "\__’/“" x either side
. ' « LH section above x-axis
t ! « LH section below x-axis
! ' » RH section above x-axis
t ( « RH section below x-axis
! . * Vertical tangent at x =4
: ! « Vertical tangent at x =14
Asymptotes are x =2, x=~2 Bl ft BO if any others given
Stationary points (-';- s IO), (% , - IO)
(6,2), (6.-2) B2 ft Give B1 for any two correct
7
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2 (a) n 5 n
Sr@rf+)=> (8 +r) MI
r=1 r=1
=2n%(n +1)* +%n(n+1) AlAl
= %"(" + (A +4n+1) M1 Two linear factors, e.g. n(n+1)
=dn(n +12n+1)? Al

(b)

3x°(x — 4) = x(x ~ 4)(x +10) > 0 M
x(x — 4)(3x2 —13x—-10)>0

xX(x — 4)3x+ 2)(x - 5)> 0 INUN!

M1

2 .
x<-3, O<x<4, x>5 AZ cao

:r+10—3x(.\r—4)<O
x(x-4)

Or

Or writing =3 as a quad egn

x(x-4)

Factors (3x +2)(x - S)or x=-2%_5
(Give Al if both signs wrong)

(If MO then B1B1 for factors or values)
Considering intervals defined by four
critical values —2,0,4,5 (ft)
Always award 6 marks if correct

Give Al for < etc

(©)

When =1, LHS=0
RHS = 2 1 =0 Bl
3x4 6

SO it is true when n=1

Assume true for » = & _ then

’i‘ __ (kD! 1 (kDK

ol (k+2)k+3) 6 (k+2)(k+49)
Gk D{k+ Ak +3)) 1
T k+2Xk+3)k+4) 6 Ml
(R + Dk +2)? 1
Tk k3K 6
kD +2) 1
T k+3)Nk+4) 6 M1
 (k+ 2 1 Ml
Tk+3)k+4) 6 Al

Trueforn=4% = Trueforn=% +1 Al

(Hence true for all positive integers 7 )

MI1A2

Use of common denominator

2nd, 3rd and 4th M1'’s are each
dependent on the first M1

Cancelling to denom (k + 3)(k + 4)
Use of (K + DI(k +2)=(k+ 2)!
Correctly obtained

Stated or clearly implied
Dependent on previous 7 marks
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3() a3:_8_6j Bl
at=(-8- 6j)(-1+3j)=8+6j—24j+18 Mil Multiplying out and using jz =-1
=26-18j Al cao
3
(i) | 226 —18j)+8(~8=6j) +34(~1+3j)+ g =0
Equating imaginary parts,
~181-48+102=0 Ml
Ai=3 Al (ag)
Equating real parts,
264 -64-34+p=0 Ml
1=20 Al cao
4
(iii) [Tworootsare ~1+3j, —1-3j Bl
Ml For (z +1-3j)(z+ 1+ 3j) or finding
. sum (-2) and product (10)
These are the roots of z° +2z+10=0 Al
Cubic is 3z° + 822 +34z +20=0
(22 +2z+10)3z +2)=0 Ml
Third root is — % Al cao Abwvays give 4 marks for — %
OR (~1+3j)(-1-3j)y =-% M1Al M1 for relating product of roots to the
3 constant term in cubic
-2 MIAl
r=-3
_____________________________________________________________________ L F U
OR (~1+3j)+(~1-3j)+y=-28 MIAl M1 for relating sum of roots to the
3 . 2
coefficient of :z
y=-2 MIAI
—~1+ 3} has modulus JB , argument 1.89 B1B1 Accept 3.16; 108°
—1-3j has modulus 10 , argument —1.89 Bl ft Or -108°, 439, 252°
-2 hasmodulus 2, argument 7 B1 ft ft for any real number
. 4
A
. / Bl Points —1 + 3
\
' Bl ft Real root
vl > > 11
®
(iv) |Line drawn on diagram (see above) B2 ft Perpendicular bisector of points 0, a
2
|
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4(i) |(When x=0, -2y+2z=28, ~4y-5=0 Ml Finding one point
y=-10. z=8 Al One point correct
75 ' (3 ) [ 14 \]
Direction is given by | ~2 {x[ -4 [=| 28 i ] Mi Or finding a second point,
1) 1 s 14! eg (5.0,3). (8,6.0) and using
\ 7 7 AN J R .
1 it to find direction
Directionis | 2 i Al cao
-
s
0 1
Equation of lineis r ={ —10 |+ A 2 Al ft Dependent on MIM]I. Accept any form
AOif ' r =" omitted
8 -1
OR Eliminatingy, 7x+7z=156 MI1Al Eliminating one variable
MI1Al Expressing (e.g.) y and z in terms of x
x=A4, y=-10+24, z=8-2 Al ft
(if) k-1 0
’ AB=| 0 k-1 0 B2 (k —1) ’s on main diagonal
0 k-1 (Give B1 for one correct)
B2 For zeros (Give B1 for two correct)
Al-_L g Bl
k-1
provided & =1 B1
(i) [(4) Mi Finding A7l when k=8
AY
x 28 (‘1 32 42 28) Or eliminating one variable in 2 ways
=AM o|=H-2 3 4910 , -
) 7 L Ml Using A ! correctly
Z) m 1 -11 -14 ”’) Or solving to obtain one of x, y, z
( —28+42m Dependent on previous M1
=1l _3
7| =36+ 49m A2 cao Give Al for two correct
\ 28—14m
If MO then B4 for all correct
x=—4+6m, y=—8+7Tm, z=4-2m B2 for two correct
B1 for one correct
(B) When k =1 the first two equations have solution
x=A, y=-10424, z=8~14
Substituting into —2x + 3y +4z=4, L . .
tHhng tato —ex &5y M1 Or eliminating one variable in 2 ways
24 +3(=10+21)+4(8-2)=4 Can be earned in (C) if not in (B)
Inconsistent; there are no solutions Al f Or two equations in two variables cao
Al cao ‘No solutions’ correctly shown
(C) Substituting into —2x +3y+4z=2,
—2A+3(-10+24)+4(B-A)=2 .. .
. 3 A). ( ) . Al ft Or two equations in two variables cao
Consistent; there are infinitely many solutions,
xX=A4, y=-10+22, z=8-4
Al cao
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General Comments

This paper was found to be more straightforward than most of the previous ones. There were many excellent
scripts, with about 30% of candidates scoring 50 marks or more (out of 60). There was nevertheless a wide
range of performance, and about a quarter of the candidates scored less than 30. Most candidates appeared to
have sufficient time to complete the paper; indeed a fair number attempted all four questions. Questions 1
and 3 were considerably more popular than questions 2 and 4. The work on vectors and matrices (Q.4) was
of markedly lower quality than that seen on the other topics.

Comments on Individual Questions
Question 1 (Curve sketching)

This was the best answered question, with half the attempts scoring 17 marks or more (out of 20). In part (i)
the vertical asymptotes were almost always found correctly, but some candidates were unable to find the
horizontal asymptote. The differentiation in part (ii) and the graph in part (iii) were well understood. The
square root graph in part (iv) was often correctly drawn, but the most common reason for dropping a mark in
this question was failure to show clearly the infinite gradients at x =4 and x=14.

[G) x=2, x=—2, y=—8; (i) (, 100) and (6, 4);
(v) x=2, x=-2; (2, 10), (2, -10), (6,2), (6,-2)]

Question 2 (Inequalities and series)

This question was fairly well answered, and the average mark was about 13. In part (a) the majority of
candidates obtained the sum of the series as 82 r+ Zr =2n*(n+1)* + %n(n +1), but surprisingly many

were unable to simplify this efficiently, typically multiplying it out to givea quartic expression instead of
factorising. . Co

For the inequality in part (b), a great variety of methods were used, and there was considerable success.

Many candidates multiplied by x*(x —4)?, but then multiplied everything out to obtain a quartic and were
unable to proceed further. Some ignored the critical values 0 and 4 completely, but this was less prevalent
than in similar questions in the past.

There was a lot of good work in part (c). The process of induction was well understood, and a fair proportion
of candidates completed the algebraic steps successfully.

(@ $n(r+DQ2r+1)*; (b) x<~%, 0<x<4, x>5]



Question 3 (Complex numbers)

This question was answered well, with half the attempts scoring 16 marks or more. In part (i), @ and <°
were usually calculated correctly. Part (ii) was also done correctly by most candidates, although some did
not seem to know the technique of equating real and imaginary parts; such candidates just assumed the given

result A =3 and were able to find x. In part (iii), almost every candidate knew that there were two
conjugate complex roots and one real root. However, finding the real root caused some difficulty; in

particular the coefficient 3 of z* was often overlooked, leading to z=-2 instead of z = ~2 . Finding the

modulus and argument, and drawing the Argand diagram, were done well, but the locus in part (iv) was very
often drawn as a circle instead of a straight line.

[() a® =-8-6j, &’ =26—18j; (ii) p=20;
(i) z=-1%3j, —%; |-123j|=+10, arg(-1%3j)=+1.89, [-2|=2, arg(~2)=7]

Question 4 (Vectors and matrices)

This was the least popular question, but even so it was attempted by about half the candidates. It was
certainly the worst answered, with the majority of attempts scoring less than half marks. In part (i) most
candidates knew a method for finding the line of intersection, and many completed it successfully. The
equation of the line could be given in any form (e.g. vector, parametric or ratio form), but a proper equation
was required; many candidates lost a mark for omitting ‘r =’ from the vector equation. In part (ii) the matrix
product was often found correctly, but few candidates drew the correct conclusion about the inverse. Many

stated that A~ =B when k =2; this is a particular case of the general result required and it did not earn
any marks. In part (iii) very few candidates made use of the earlier results. Elimination of variables was the

most popular method; although this was quite often successful in part (4), the lack of a systematic approach
usually prevented much progress in parts (B) and (C).

0 1 k-1 0 0 1
[) r=|-10]+4 2 |; G)| 0 k-1 o0 ,A-‘z—ln, k#1;
8 ~1 0 0 k-1 B

()4d) x=-4+6m, y=-8+7Tm, z=4-2m; (B) no solution;
(CO)x=4, y=-10+24, z=8-1]






