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1. (a) By considering the series
l+t+t>+3 +...+1",

or otherwise, sum the series

1+26+3t2 +48° +...+nt"!

fort#1.
)
(b) Hence find and simplify an expression for
14+2x3+3x3% +4%3% +...+2001x3*.
(0}
(c) Write down an expression for both the sums of the series in part (a) for the case
where ¢ = 1.
(0}
% 2x %
2. Giventhat S= € sinxdx and C= J e** cos x dx,
0 0
(a) show that S=1+2C,
3)
(b) find the exact value of S.
(6)
3. Solve for values of 4, in degrees, in the range 0 < 6 < 360,
V2 X (sin 260 + cos ) + cos 36 = sin 26+ cosé.
(12)




4. A curve C has equation y = f(x) with f ’(x) > 0. The x-coordinate of the point P on the
curve is a. The tangent and the normal to C are drawn at P. The tangent cuts the x-axis at
the point 4 and the normal cuts the x-axis at the point B.

(a) Show that the area of AAPB is

%[f(a)]z[%}

f'(a)
®
(b) Given that f(x) = ¢** and the area of AAPB is ¢**, find and simplify the exact value
of a.
“4)
5. The function fis defined on the domain [-2, 2] by:
—kx(2+x) if —2<x<0,
fx)= .
kx(2—-x) if 0<x<2,
where £ is a positive constant.
The function g is defined on the domain [-2, 2] by g(x)=(2.5)> — x°.
(a) Prove that there is a value of & such that the graph of f touches the graph of g.
3)
(b) For this value of & sketch the graphs of the functions f and g on the same axes, stating
clearly where the graphs touch.
“4)
(¢) Find the exact area of the region bounded by the two graphs.
6




6. Given that the coefficients of x, x> and x* in the expansion of (1+kx)", where n >4 and k
1s a positive constant, are the consecutive terms of a geometric series,

6(n—1)

(a) show that k =—————.
(n—=2)(n-3)

(b) Given further that both » and £ are positive integers, find all possible pairs of values
for n and k. You should show clearly how you know that you have found all possible
pairs of values.

(c) For the case where & = 1.4, find the value of the positive integer #.

(d) Given that k£ = 1.4, n is a positive integer and that the first term of the geometric
series is the coefficient of x, estimate how many terms are required for the sum of the

geometric series to exceed 1.12x10"”. [You may assume that log,, 4= 0.6 and
log,,5=0.7.]

(6)

S))

2)

S))




7. The variable y is defined by
y=In(sec’ x+cosec’x) for O<x<Z.
A student was asked to prove that

d_y =—4cot 2x.

The attempted proof was as follows:

y=In(sec’ x + cosec’x)
=In(sec’ x) + In (cosec’x)
=2Insecx +2Incosecx

d—y=2tanx—200tx
dx

_ 2(sin® x —cos” x)

sin x cos x
_ —2cos2x

1sin2x

=—4cot2x

(a) Identify the error in this attempt at a proof.

(b) Give a correct version of the proof.

(¢) Find and simplify a general relationship between p and ¢, where p and ¢ are variables
that depend on x, such that the student would obtain the correct result when
differentiating In (p + ¢g) with respect to x by the above incorrect method.

(d) Given that p(x) = k sec rx and g(x) = cosec? x, where k and r are positive integers, find
the values of £ and » such that p and ¢ satisfy the relationship found in part (c).

0y

C))

®

C))
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ADVANCED EXTENSION AWARD in MATHEMATICS
SPECIMEN PAPER - MARK SCHEME

No Working Marks
(a) "™ -1 MI
GP. a=1r=¢ §,6 = — Al
n—1 d :
S=14+2t+...+nt =4 (1st series) M1
t
d (t=)(n+1)" (""" =1)1  Quotient | M1
_(Sn): 2 Al
de (t-1) rule
nt"™ —(n+1)t" +1
(t-1Y (5)
(b) | £=3, n=2001
2001.3 —2002.3*" +1 _ 4001.3*"' +1 Bl
= Sum= 5 = (1)
2 4
© | 1+t+...+t"™" sn+1; 1+2t+...+nt"" %M B1 (both)
(1)
(@)
@ 1 . % MI
S = e’ d(-cosx)dx = [— cosxe™ |2 +2[e* cosx dx Al (ignore
0 0 limits)
S=(-0)-(-1)+2C or 1+2C Al cso 5
(b) 5 3 M1
C= Iezxd(sin x)= [sin xe™ | —2_[6:“ sin xdx Al (ignore
0 0 limits)
C=(e")-(0)-28 ie.C=¢"-2§ Al
Solving
S=1+2(e" -25) MI
=1+2¢" —48
1 M1, Al
55 =1+2¢" and S =—(1+2¢7) ©
> (&)
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ADVANCED EXTENSION AWARD in MATHEMATICS

SPECIMEN PAPER - MARK SCHEME

No Working Marks
(\/E—IXsin29+cost9)+cos30:O Ml
(\/E—l)cose(l +2sin@)+cos30 =0
cos36 = cos26 cosf —sin 260sin 0 Ml
Ecostﬁ?[cos26?—2sin2 9] MI
= cos Ol —4sin? 6] Al
So: cose((\/a — IXI +2sin6)+ (1-2sin Q)1+ 2sin 6’)): 0 Ml
i.e.cos6(1+25in6)(\/§—l+1—2sin6’):O Ml
ie. \/Ecosﬁ(l+23in0)(l—\/zsin9):O Mi
cos6 =0 = 6 =90°, 270° Al (both)
1+25in0 =0 = sin@ =—1 = @ =210°, 330° Al Al
' . 1 oo Al, Al
1-+/25in =0 = sinf = - = 6 =45°, 135 12)
@1 ya
Equation of tangent: y — f(a) = f’(a)(x — a) Ml
P
, f(a) Al
) = A is (a f’(a)’OJ
0 A B >x
Gradient of normal is — ﬁ ; M1
Equation of normal: y —f(a)= —,L(x—a) M1
£'(a)
= B is (a+f(a)f’(a),0) Al
Area APB is %AB.f(a):%f(a)[f(a)f’(a)+ ff,(("))} ML Al
a
f'(a)] +1 Al cs.o.
=1[f(a)P L________
2[ (a)] ( f'(a) (8)
5a 2
(b) f'(a) — SeSa - eSa — %(esa )2(%J Ml, Al
e
10(e™ ) =(e* ) (25" +1)
e =2 = a==+In(L)=1In3 M1
Al cs.o.
(4)

a2)
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ADVANCED EXTENSION AWARD in MATHEMATICS

SPECIMEN PAPER - MARK SCHEME

No Working Marks
(a) | By symmetry consider RHS: 2 —x? = 2kx — kx? Ml
ie. (k—1x* —2kx+2=0 Ml
Equalroots = 4k*> =4xZx(k-1) Ml
ie. 4k*—-25k+25=0 Al
ie. (4k-5)k-5)=0 MI
ie. k=5 or Al
x=_—b= 2k = k and ' x<2,weneedk=75 M1, Al
2a 2(k-1) k-1 (8)
(b) VA
6.25 Symmetric | Bl
\ s touch x 2 | B
! ! touch at (+£,2) | BL, Bl
/) | o (4)
. 0 2
© 1 Area=2x [(6.25-x* ~[10x—5x] dx Ml
= 2[6.25)c—5x2 +§x3]§ MI Al
=2[(Ex5-5x 3 +4x22)-(0)] Ml
()
an
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ADVANCED EXTENSION AWARD in MATHEMATICS

SPECIMEN PAPER - MARK SCHEME

No Working Marks
(a) ( ) n(n—l)(n—2)(n—3)
Let 7 = ratio of geometric series
_ n(n—l)xﬁz n(n—1)(n—2)n-3)k*x2 M1
2 nk N n(n—1)k’
-1 —2)n-3)k’ -1
ie. (n )k:(n )(n 3) ie. k=M M1, Al cso
2 12 (n—2)n-3) (©6)
b . .
O zas k=839, hosou =92y BL,BI
2.1 3.2
n=6=>k=25n=7 = k=18,n=8= k=14, n=93k:§ Ml
k<l => 6n-6<n*-5n+6 f(n) .
ie. 0<n?—1ln+12 M
So k<1 Vn=10 Al
(5)
Root betw en 9 and 10
© | k=1.4= 7(n’=5n+6)=30n-30
Tn* —=65n+72=0 Ml
(7n-9)n—-8)=0  ..n=8 is the integer solution Al )
d
D = 14n=8 a=nk=112, r= =Dk 7.7 49 B1, Bl
2 2 5
S >1.12x10° = 1L 11.24.9"-1) >1.12x10" Ml
49" -1>3.9x10"
Al
49" >3.9%x10" +1=3.9x10"
S log3.9+11 11.6 _
log4.9 0.7
Soneedm =17 Al
(5)

(18)
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ADVANCED EXTENSION AWARD in MATHEMATICS

SPECIMEN PAPER - MARK SCHEME

No Working Marks
(@) | In line 1 the student assumes that In (¢ + b)=Ina +In b B1
[Although it can be shown that for these functions this is true, it
is not a general statement. | (1)
(b) ( 1 1 j
y=In —+t—
cos“x sin”x
1
=ln| ———— Mi
(cos2 xsin® xj
= —2In(sin x cos x) Ml
=—2In1-21In(sin 2x) M1
d -2
L= x2cos2x =—4cot2x
dx sin2x M1,A1
(5)
(c) | Require
p+q _p . 4 M1, M1
prtq P 4
_DPatpq Al
Pq
ie.
d
S n(p+a)l=—lin(pq) M1, AL Al
In(p+¢)=1In(pg)+1n 4 M1
(p+4q)=A(pq) Al
(8)
() pll-4q)=~q
_ 4
P Ag—1 M1
s cosec’x sin” x Ml
g =cosec’ x = p= > X| ——
Acosec’x—1 \sin”"x
p=ksecrx = ksecrx = —
A—sin” x M1
A=1 = ksecrx = 2
cos2x
Lk=r=2 Al
“4)
(18)
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SPECIMEN PAPER - MARK SCHEME

Presentation
1 (a) 1 mark may be awarded for a good and largely accurate attempt at the whole paper.
1 (b) For anovel or neat solution to any question award, in each of up to 3 questions. 2 marks

if the solution is fully correct and 1 mark if the solution is sound in principle but a minor
algebraic or numerical slip occurs.
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