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Question 4 continued

(Total for Question 4 is 13 marks)
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y = tan’x
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| | y=4cos2x— 1

Figure 3

Show that the area of the finite region between the curves y = tan’x and y = 4 cos2x — 1

in the interval —% <x< %, shown shaded in Figure 3, is given by

W23 - 2243 -3
(12)
(+S1)
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(Total for Question 5 is 13 marks)
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6. (i) Eden, who is confused about the laws of logarithms, states that

(log, p)* = log,(p*)
and log, (¢ — p) = log, g —log, p
However, there is a value of p and a value of ¢ for which both statements are correct.

Determine these values.

(7)
(i))(a) Letr € R*, r# 1. Prove that
log A=1log.B=A>=B
(2)
(b) Solve
log, (3x* + 26x* + 40x) = 2 + log,(x + 2)
(7)
(+S2)
_ J
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Question 6 continued

(Total for Question 6 is 18 marks)
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DO NOTWRITEIN THIS AREA DO NOT WRITE IN THIS AREA

DONOTWRITEINTHIS AREA

4

Figure 4

A circular tower of radius 1 metre stands in a large horizontal field of grass. A goat is
attached to one end of a rope and the other end of the rope is attached to a fixed point O
at the base of the tower. The goat cannot enter the tower.

Taking the point O as the origin (0, 0), the centre of the base of the tower is at the point
7(0, 1), where the unit of length is the metre.

The rope has length 7 metres and you may ignore the size of the goat.
The curve C shown in Figure 4 represents the edge of the region that the goat can reach.

(a) Write down the equation of C for y < 0

When the goat is at the point G(x, ), with x > 0 and y > 0, as shown in Figure 4, the
rope lies along OAG where OA is an arc of the circle with angle OTA = 6 radians and
AG is a tangent to the circle at 4.

(b) With the aid of a suitable diagram show that

x =sin 6 + (7 — H)cos O
y=1-cos 8+ (x—0O)sin b
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r 1 2000 0%8
Question 7 continged
e dx . 553
(c) By considering yade, show that the area, in the first quadrant, between C, g
.::o.::
the positive x-axis and the positive y-axis can be expressed in the form cz> %
B %
. _— . =
JO usinudu +J0 u”sin” udu +J.o usinu cosudu e
(5) s
T 2 .9 7[3 T . E
(d) Show that fo u sin“udu = — + JO usinu cosudu S
6 (4) :::z:::
X
(e) Hence find the area of grass that can be reached by the goat. m
® ]
(+S2) S
P
S
5
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- J &5
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6. (i) Eden, who is confused about the laws of logarithms, states that
(log; p)* = log,(p*)
and log, (¢ — p) = log, g —log, p
However, there is a value of p and a value of g for which both statements are correct.

Determine these values.

(i)(a) Letr € R, r=# 1. Prove that

log A=log.B=A*=B

(b) Solve
log, (3x* + 26x* + 40x) = 2 + log,(x + 2)
(Total for Question 6 is 18 marks)
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Figure 4

A circular tower of radius 1 metre stands in a large horizontal field of grass. A goat is
attached to one end of a rope and the other end of the rope is attached to a fixed point O
at the base of the tower. The goat cannot enter the tower.

Taking the point O as the origin (0, 0) the centre of the base of the tower is at the point
7(0, 1), where the unit of length is the metre.

The rope has length 7 metres and you may ignore the size of the goat.
The curve C shown in Figure 4 represents the edge of the region that the goat can reach.

(a) Write down the equation of C for y < 0

When the goat is at the point G(x, y), with x > 0 and y > 0, as shown in Figure 4, the
rope lies along OAG where OA is an arc of the circle with angle OAG = 6 radians and
AG is a tangent to the circle at 4.

(b) With the aid of a suitable diagram show that

x=sin 0 + (& — H)cos 0
y=1-cos @+ (x—0O)sin b

Pearson Edexcel Advanced Extension Award in Mathematics - Sample Assessment Materials
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Question 7 continued
Dy dx .
(c) By considering I y£d9, show that the area, in the first quadrant, between C,

the positive x-axis and the positive y-axis can be expressed in the form
T . TS5 L, T .
IO usinudu +J0 u”sin” udu +IO usinu cosudu

3
T

(d) Show that J”uz sin®udu = — + J”u sinu cosudu
0 6 0

(e) Hence find the area of grass that can be reached by the goat.

(Total for Question 7 is 25 marks)
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AEA Mark scheme

1(a) (1=»)2=1+2p+ 31> + 4> +... B1 AO1
(1)
2
(b) S:1+2( al j+3( al j b Identifies y = M1 | AOI
x+3 x+3 x+3
)
S 142y 43y 2| 1 X Uses(a)toforrp Al AO2
X+3 correct expression.
(x+3-x N (x+3 ? Combines terms and M1 | AO2
| x+3 3 reciprocates.
= (1 + %x)2 (soa= % and n=2) Correct answer. Al AO2
“4)
(© Need 13 <1 or |x|<|x+3| Correct condition. Bl | AOI
X
A Critical value
is when
y=lx+3 »=]x} x+3=_x,
: _ SOX=... Any suitable strategy
ek g for critical value. Mi AO3
So convergent on {x eR:x> —%} Accept equivalent set notation
Al AO2
3 3 3
forms, e.g. x:xeR,x>—=torqx:x>—=—¢0r | ——,®©
2 2 2
3)
(8 marks)
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2(a) (i) (ii)
V A Y A
8 8
) _ _
o 4 x 4 0O 4 x
@) Correct shape and (0, 8) B1 AOl1
Crossing x-axis at —2 and 4 B1 AO1
(i) Symmetrical shape with 2 maxima and crosses at +4 B1 AO1
Correct shape at (0, 8) - not curved as a minimum B1 AO3
(iii) Y A Correct for x >0 and (4, 0) Bl AO]
8 marked
Correct for x <0 with —2x/§ Bl AO3
marked and zero gradient at (0, 8)
Clear “kink” at (0, 8) B1 AO3
242 _
0 4\ %
(7
(b) Considers x>0 : 0< x<4
B1 AO3
Correct inequality with both end points included.
Considers x <0 : attempts ~ —(8 —x?)=8 - 2x—x> = x=... M1 | AO3
x<0,2x" +2x-16=0=>x= ﬂ only (withhold A if second M1 | AO3
. 2 Al | AO3
root given).
Q)
(11 marks)
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3(a) AC =kq Bl | AOIl
1)
BO=BD+DO =—kp - ther suitable vect tion leading t
(b) BO + kp — q or other suitable vector equation leading to M1 AOI
BO used.
BO=kCD or CD = %% or equivalent used (or implied by use). Bl AO3
— 1 1
CD:E(—kp—q):—p—;q* Al* | AO2
3
(c) Use of p+ AB+BC+CD = q or equivalent vector equation used. B1 AO3
—=p+A4C+CD=q
1 5 M1 AO3
:>p+kq—p—;q=q:> (k"=k-1)q=0
—(=1) £+/(=1)* —4(1)(~1
R k120 k= SCDEVED 40D M1 | AO3
2(1)
(So as k> 0, we must have)
s Al | AO2
2
(S+)
“)
(d) c Use the symmetry of the shape to deduce
@ relevant angle
e.g. ZBCD = 180° — 72° = 108°. (May Bl | AOI
; 36° . use another triangle within the shape.)
Correct work in their
. IDB 1kOA 1
Hence sin54°=2—=2 =—k triangle to reduce to an M1 | AO3
BC o4 2 expression in k
NG Al | AO3
4
3
S1 mark: Award S1 for a clear and concise solution that is either
- 11 marks with correct notation for vectors in the main.
S1 or 1) AO2
- that scores 10+ and includes the S+ point but may have some
poor notation.
(11 + 1 marks)
Notes:
(c) S+ for clear consideration of which root is needed.
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4(a) Resolves parallel to
) B plane with correct value
(Parallel to plane): 1.2W cos@=0.6W of sin a used. M1 AO3
(S
T Accept 60°
0=— Al AO3
3 ($)
2
(b) (Parallel to plane): F =12 cos@—0.6% | Mresolves in both M1 | AO3
directions.
(Perpendicular to plane): A for both correct.
R=0.8W +1.2W sin@ Al | AO3
(S
Minimum value of § when F = uR Uses F'=uR to form M1 AO3
=1.2¢c0s6—-0.6=0.4+0.6sin 6 equation in ¢ only.
:>2cos6’—sin6’=§:> 5cos(6’+7)=§ Applies Rcos(60+a) M1 AO2
= 0 = arccos (?J —arctan (%) * Al* | AO2
©))
© (Parallel t9 plane): F=0.6/W—1.2W cosf . Resolyes both M1 AO3
(Perpendicular to plane): R =0.8W + 1.2W sin directions.
F = 4R = 0.6 —1.21 cos 0 = 0.4 + 0.6 sing | COmectequation o1 s
using F'= uR
: 1 1
= 2c0s 6 +sin =3 5c0s(6’—7/):§
i Coqect strategy for M AO3
6t 6(1 —t ) , finding 6
OR ~+ —=1=7t"-6:-5=0
1+¢ 1+¢
Greatest value of
et
0 = arccos| — |+arctan| —
15 2 Either form for 6 Al AO3

OR 6=2 arctan(

3+2ﬂ]
7
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4(¢) Allow ‘least value’ of 0 is
continued | So range is % (% < 0)i.e lower
z < @ <arccos ﬁ + arctan l (oe) stric‘F inequality not Al AO2
3 15 2 required for this mark but
incorrect inequality is.
(G
(©))
S1 mark: Award S1 for a clear and concise solution that is either
- fully correct and does not include an S— point.
S1 or 1) AO2
- that scores 11/12 and includes an S+ point but not an S—
point.
(12 + 1 marks)
Notes:
(a)+(b) S+ for good reasoning for the angle, good use of diagrams etc.
S— for giving answer in degrees.
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5 tan’ x =4cos2x—1
2 g 2. Reduces RHS to single
= sec x—1=4(2cos"x=1) -1 angle and adapts tan2x M1 | AOl
.2 .
OR sm2x 4208 x—1)—1 suitably.
cos’ x
= 1—cos?x=8cos*x—5cos’x Achieve equation in justcosx | M1 | AOI
=8cos*x—4cos?x—1=0 Correct quartic. Al | AOl
J16—4x8x—1
= cos’ x = 4+v16 164><8>< ! =... Attempts roots. M1 | AO3
Intersection point « satisfies . .
) Correct root identified. Al AO3
coszaz—(1+\/§) (SH)
4
So sin’a =1—l(1+\/§) =l(3_\/§) Correct expressions for Bl | AO2
4 4 sin® a or sin o and
Y tan® o or tan a seen
2, _ _
And tan”a= 143 =233 anywhere in solution. Bl AO2

Correct strategy for the area,
use of 0 and a with 2%,

or with —a and a. May M1
integrate separately and
combine later.

Area = 2><J. (4cos2x—1—tan2 x)dx AO3
0

(S+H)(S-)
Uses suitable identity to set

=2xj (4cos 2x—l—(sec2x—1)) dx | up integral (ignore 2% and M1 AO3
0 limits here).

Correct integral (ignore

= 2x[2sin(2x) - tan x| limits etc.)

Al AO3

2% (4 S cos ¢ —tan a) Uses the expression in

1 1 cos a, sin a and tan a M1 AO3
- 2X(4XE\/3_‘/§ XE‘/I"'\/E _\/2\/5_3J in their integral.
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5 - 2\/ 23 — 2\/ 23 -3% Completes to given answer. Al* | AO2
continued 12)
S1 mark: Award S1 for a clear and concise solution that is either
- fully correct with no S— point.
S1 or §)) AO2
- that scores 11/12 and includes an S+ point and no S—.
(12+1 marks)
Notes:

S+ for showing consideration and rejection of the negative root for cos’x
S+ for good use of symmetry and/or odd and even function nature of the trig functions.

S- if the strategy is cumbersome — e.g. Separate integrals, no use of symmetry etc.
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6(i) (log5 p)2 =log, (p2 ) = (log5 p)2 =2log, p Applies power rule. M1 AOl
= log; p(log; p—2)=0=1log, p=0..p=1 Al | AO2
or =log, p=2 .. p=25 Al AO2
logs(q — p) =logs g —log, p i
q Applies correct M1 AOl
= log(¢—p) =log,| — rule.
p
_4q
=4q4-pP=— Al AO2
p
Makes ¢ the
2 subject, no need to M1
(p=1=g—1=gq is impossible)so g = P see p = 1 rejected AO3
-1 for M
(Ch)
2
Sop=25 and ¢g= % (only) Al AO3
(7
n Adopts a correct
ii)(a log, (A log , (B X
e log,.(4)=log ,(B)= (r2 ) et _ (rz) °8,2(5) strategy, raise both
r r . M1 AO2
sides to base 72 or
use change of base.
— p2log, () _ p s g (4) _ p s 42 _ p* | Achieves result correctly. Al* AO2
2
(i)(b) | 2=log,(4)or 2=log,(16) Seen anywhere. Bl | AOI
. 3 2 _ Combines to just
~.log, (3x” +26x° +40x) = log, (4(x +2)) (oe) o log torms, M1 | AO3

230 +26x%+40x=16(x + 2)°

Applies the result of (ii)(a) M1 AO3

e.g. x(3x+20)(x+2) = 16(x + 2)>
or 3x° + 10x? — 24x — 64 = 0 leading to
(x+2)(3x° +kr£32) =0

Identifying a linear factor. M1 AO3

(x+2)(3x" +4x-32)=0

Correct quadratic reached Al
(no need for (x + 2) for Al AO3

(Chp)
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6(ii)(b) | (x+2)Bx—8)(x+4)=0 Factorises M1 AO3
continued | But equation not defined for (x = -2 and) x = —4
(but equation works for x = gj .So x =§ is only solution. Al AO3
(S
()
Award S2 for a fully correct solution that is succinct and includes
some S+ points (see notes below).
S2 Award S1 for either
- a fully correct solution that is succinct but does not mention
any S+ points.
or ?2) AO2
- a fully correct solution that is slightly laboured but includes an
S+ point.
or
- part (i) or (i1) fully correct and contains an S+ point.
(16 + 2 marks)
Notes:

(i) S+ for giving reason p # 1

(ii) S+ for dealing correctly with (x + 2) and not just “cancelling” — if statement x # —2 is given,
cancelling is fine.

S+ for correct reasoning for the only valid root with check that equation does work for

the given value.
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7(a) x?+y*=x? or equivalent. B1 | AOI
1)
(b) 04 =0 seen or implied. B1 AOl
AG =7 —86 seen or implied. B1 AOl1
Clear method for x or y e.g.
Let X be the point vertically below G such that angle GXA= 90° M AO2
OR identifies x =sin@+ GAcos@ or y=GAsinf+1—-cosl
(8+)
So x=TAsinO@+ AX =sin0+(z—0)cos* Al* | AO2
and y=1-TAcosf+GX =1-cos@+(7—0)sinO* Al* | AO2
)
(©) dx 0 . .
0 cosf — (7z - 9) sinf —cos@ (allow one slip) M1 AOl
Arca [y 40 = ["T1-cos0+ (- 0)sin8 0)sin 0] do
So eaL:o Y —L[ —cos@+(7—6)sin :|[—(7r— )sin 6] Al | Aol
(ignore limits)
Identifies suitable substitution: Let u =7 —6 M1 AO3
Applies cos(z —6)=—cos@ and sin(zr —60) =sin @ to their integral. M1 AO3
Simplifies to given answer, with limits correctly derived.
Area = —J.Oﬁ(—u sinu —u cosusinu —u’ sinzu) du — ans* Al* | AO2
(8+)
)
p w1 ru’ Use of sin?u in t f
(@) J. u’sin’u du :J. Y du —j % cos2u du 5¢ OT ST I fefms 0 M1 AO2
0 02 02 cos 2u
72_3
3 2 4 . achieves — Alcso | AO2
V4 u . 7 sin2u 6
= ?,— {Tsmw} —JO u 3 du
0 Use integration by parts M1 AO2
on second integral.
3 —
:E—+J' usinucosu du * S.how.s [.]=0and Al* | AO2
6 Jo simplifies to answer.
“4)
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7(d) Alternative
continued
Use of sin® « in
terms of cos 2u and
Isinz udu= Il —lcos 2udu = lu + lsin 2u | integrates to use in M1 | AD2
2 2 2 4 parts.
ruz sin” u du =| u’ (lu —lsin2uj —I”ZM lu —lsin2u du
0 2 4 o 0 2 4
Y "1 p
== J. u® du +j —sin2u du achieves — Alcso | AO2
2 J0 0 2 6
3
= % Having attempted parts directly. M1 AO2
3
= % + IO usinucosu du * Correct work and simplifies to answer. | Al1* | AO2
4)
T (7 Use of parts on this
e =
() JO usinu du [ ucosu]o +I0 cosu du integral (ignore limits). M1 AO2
=7 Al AO1
V4 . T 1 2 2 " T 2
J usinu cosu duzJ. usm udu:[_ucos u} +J cos 2u du M1 AO2
0 0 2 4 |,
__r M1 — use of parts Al AOl
4 Al — correct result
3 3
Area between curve and +ve axes =2— + T—2x r.r.,.z Al AO2
6 4 6 2
T . - N - . .
otal area available tower + semicircle Suitable strategy M1 AO3
(S
3
Area of semicircle =% or area of tower’s base = 7 B1 AO2
7 A
So area reachable is T m° Al AO3
6]
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7(e) Award S2 for a fully correct solution that is succinct and includes
continued | some S+ points (see notes below).
Award S1 for either
- a fully correct solution that is succinct but does not mention
any S+ points.
or ) AO2
S2 - a fully correct solution that is slightly laboured but includes an
S+ point.
or

- ascore of >20 but solution is otherwise succinct or contains an
S+ point.

(23 + 2 marks)

Notes:

(b) S+ for a clear and well expressed explanation or clear diagram with accompanying work.
(¢) S+ for clear demonstration of the change of limits.
(e) S+ for a concise strategy using symmetry.
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