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fx)=x+2x" -8 +5
(a) Find f"(x)

(b) (i) Solve f"(x)=0
(i1)) Hence find the range of values of x for which f(x) is concave.
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Question 1 continued
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2. Asequence u,, u, u,... is defined by X\
o
u_ =u + 7cos[%)— 5(-1)" gi
(a) (i) Show that u,=40 r%t
(i) Find the value of u, and the value of u, \é\
Given that the sequence is periodic with order 4 :é:
(b) (i) write down the value of -z
SR
(i) find the value of iu %
3) o
. sen
o 1) (/{'Z: a,—l’760§/u' ‘5(_——[)
:35 +7 @5%,5(-//)
< Lf—b
r L
Uy = H4p o Tcov(ZE) - S(-1)
\ v/ /
= l%
U 4= 3
b)) 05, 40,128,313 55,40
(/{.s = 35
’n/ 36t U0 tL8r33 =136
C(1236) + 35— 35|
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3. Given that

log,(x +3) +log,(x + 10) =2 + 2log, x
(a) show that

3x* - 13x-30=0

(b) (1) Write down the roots of the equation
3~ 13x-30=0
(i1) Hence state which of the roots in part (b)(i) is not a solution of
log,(x +3) +log,(x + 10) =2 + 2log, x

giving a reason for your answer.

o/ log . [(esdlawe)) = 2« (/031761

(2 P15 7 36) _ Lj:l =2

(,032

2415 v 3o

L(’jl( D — ) = 0L
2t %2 tle ~ ¢
LL

—

xq_ 4+ 12 4 2 — L‘rq,i

&)

2)

o tgli—lgl”go

.. =
1’/ ’% \0€La.u.3—€, 24 #
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. Coffee is poured into a cup.

The temperature of the coffee, H °C, t minutes after being poured into the cup is
modelled by the equation

H=A4e"+30
- ~R¢
where 4 and B are constants. /7/ - 5 ge t 30
Initially, the temperature of the coffee was 85 °C.

(a) State the value of 4.

AH ,,1'5 (1)

Initially, the coffee was cooling at a rate of 7.5 °C per minute. ’E ’ w\en t - O

————

(b) Find a complete equation linking H and ¢, giving the value of B to 3 decimal places.

3)
WL(/\,[/CO H‘:A’I’go

at/ A= 95

-6t
b/ y_a\‘.—;b‘ﬁeg
dt

when £=0 %: -75

_REt
- 55 Re - - 7.5

-564 = - 7.5
B = ©.136

_ o0 136 %
H = 55e 30

N A IO =
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. The curve C has equation y = f(x)
The curve

* passes through the point P (3, —10)

* has a turning point at P fllx): D) % - 0

Given that

d—y=2x3—9x2+5x+k

where £ is a constant,

(a) show that k=12

2
(b) Hence find the coordinates of the point where C crosses the y-axis.
3
G / whhtn 2z 3 da —o
od
3 g e
2(3) —9(3) *sl3)+k=o
— Z + K =0
Kk < IL
o 2
b/ 3—‘\_l/'?(/ —gi?(/ 'f;lh'f,/lz, + C
~ v

= 4 e t
10 = = (3)" - 3(3) € 5(2) fi2(3) +C
- 16 = |8+ C
3

_ | o F 2 Xt 4+ 1L+~ —

(r055¢5$ Y wher 2= o 9T - 29

MR O 0 O A =
p 7 2 8 0 5 A0 1 0 4 8
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12

. Relative to a fixed origin O,
* A is the point with position vector 12i
* B s the point with position vector 16j
C is the point with position vector (50i + 136j)
* D is the point with position vector (22i + 24j)

(a) Show that AD is parallel to BC.
(2)

Points 4, B, C and D are used to model the vertices of a running track in the shape of
a quadrilateral.

Runners complete one lap by running along all four sides of the track.

The lengths of the sides are measured in metres.

Given that a particular runner takes exactly 5 minutes to complete 2 laps,

(b) calculate the average speed of this runner, giving the answer in kilometres per hour.

C))

Al ) () s () aen e
AP = (w D 2y
—

- = (5¢)

Bz = S?D ?Mm—l(d
I()Z) >
= (50 -\l

C

A = (ﬁ,)‘

_ (IZ) - (};3;’) 50| + 120)

(’/2
16
R Czs>
IRVET)

Tolal distarce =~ 20+ 130 ¥ 26 + 20§17 = 291 4m

2x .4 0.582% b
A0 0 OO0 0 0
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In this question you must show all stages of your working.
Solutions relying on calculator technology are not acceptable.
A curve has equation

X+ 2xy + 3y° =47 l

(a) Find % in terms of x and y

The point P(-2, 5) lies on the curve.

(b) Find the equation of the normal to the curve at P, giving your answer in the form
ax + by + ¢ =0, where a, b and c are integers to be found.

d dy —
al B2t )y 217%/ *é’jﬁ 0

C))

3

5 = '3 t 2

g-5 - 2l v2)

H:j—SS:lle kl)
O 0 OO0 0 0

16
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Question 7 continued
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18

. (a) Express 2cosf + 8siné in the form Where R and a are constants,
’M

R>0 and 0<a<%

Give the exact value of R and give the value of « in radians to 3 decimal places.

3)

The first three terms of an arithmetic sequence are

CcOoSX cosx + sinx cosx + 2sinx X #nw
Given that S, represents the sum of the first 9 terms of this sequence as x varies,
(b) (i) find the exact maximum value of S
(i1) deduce the smallest positive value of x at which this maximum value
of §, occurs.

3)

v

(o5 (A -8)

o> A osR 1 sin#A sald

ey g = 2 R <inl =3

bong, = Y4
= . 326

e - [+ =207

Qm (s (B -1 3)6)

—

]0/ 7 (D> X +3é Sia AL

4.5 < 2017 cos (6 - 132¢)

Max 15 wle (6 “.3w) = |

p 7 2 8 0 5 A 0 1 8 4 8
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Question 8 continued
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. The curve C has parametric equations

x=t"+6t—16 y=6In(t+3) t>-3

—

(a) Show that a Cartesian equation for C is

y=Aln(x + B) x>-B
where 4 and B are integers to be found.
3
The curve C cuts the y-axis at the point P
(b) Show that the equation of the tangent to C at P can be written in the form
ax +by=clIn5
where a, b and c are integers to be found.
C))

> = (€ 13) —9-1¢
v =Ers)t —as
2426 = (& t3)
(L t25) = C+3 |
ﬂ:glvx(l/*lg)—;

Y= 31ln (ztr25)

b/ LDsse ) 3wa L = O yIZ)AlS'

ﬂzdg whor =0 .i'l_J-:/B'
dx

lr  xt1S 2>
j—-&lw?»? = =2 z
LS

22

R O A A =
p 7 2 8 0 56 A 0 2 2 4 8
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10.

o 3ke—18
T (x+4)(x-2)

£(x)

where £ is a positive constant

(a) Express f(x) in partial fractions in terms of &.

€))

(b) Hence find the exact value of k for which

j_l3f(x)dx:21
)
) Skx —19 - A + /‘é_
<l1"l'>(7(/‘;> Xty x - L
dhkx -1 ¢ -frtlfz.)‘rtiﬁx’rbﬁ
() i A bk-1§ = bf
B = k-3
leb 2= -4 12k -1§ = ~ LA
Ak +3 = A
TR SN S
7£(7°>' Lty -2
I S S 2 S PR
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11.

30

Jom

< 20m

v

Figure 1
A tank in the shape of a cuboid is being filled with water.

The base of the tank measures 20m by 10m and the height of the tank is Sm, as shown
in Figure 1.

At time ¢ minutes after water started flowing into the tank the height of the water was
hm and the volume of water in the tank was ¥’'m’

In a model of this situation
 the sides of the tank have negligible thickness
+ the rate of change of V' is inversely proportional to the square root of /

(a) Show that

where 1 is a constant.

3)
Given that
 initially the height of the water in the tank was 1.44m
» exactly 8 minutes after water started flowing into the tank the height of the water
was 3.24m
(b) use the model to find an equation linking / with ¢, giving your answer in the form
h% =At+ B
where 4 and B are constants to be found.
3)
(c) Hence find the time taken, from when water started flowing into the tank, for the
tank to be completely full.
(2)
M 0 A O S
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b/ dh - _,)_1-
At [
y(m A = y At
l
S e dh = j/\ dE
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12. 4

Figure 2

The number of subscribers to two different music streaming companies is
being monitored.

The number of subscribers, N,, in thousands, to company A is modelled by
the equation

WV
o

N, =t=3|+4 t
—_—
where 7 is the time in years since monitoring began.

The number of subscribers, N, in thousands, to company B is modelled by
the equation

N, =82t -6 t>0
where ¢ is the time in years since monitoring began.
Figure 2 shows a sketch of the graph of N, and the graph of N, over a 5-year period.
Use the equations of the models to answer parts (a), (b), (¢c) and (d).

(a) Find the initial difference between the number of subscribers to company A and the
number of subscribers to company B.

(2)
When ¢#=T company A reduced its subscription prices and the number of
subscribers increased.
(b) Suggest a value for 7, giving a reason for your answer.
(2)
(c) Find the range of values of ¢ for which N, > N, giving your answer in set notation.
3)
(d) State a limitation of the model used for company B.
1)
34
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13. In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

(a) Find the first three terms, in ascending powers of x, of the binomial expansion of

B+x°
writing each term in simplest form.
“4)
(b) Using the answer to part (a) and using algebraic integration, estimate the value of
RS SN G C—S’CID-?'
giving your answer to 4 significant figures.
C))
(c) Find, using algebraic integration, the exact value of
0.4 6.x
2
0, B+ X)
giving your answer in the form alnb + ¢, where a, b and ¢ are constants to
be found.
3)
-2 1 -1
- 1
0"/ 5 ('*/_5) [ +Nx + M=l 5t

Tt -2(2) + DED(3) )

l/(l -2 x +J§11>

9 3
L L + _L—xl
9 &1 R
—
o l z S d
Io/ Sb 62 _51—’_;7&4’271) =
T
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14. In this question you must show all stages of your working.

Solutions relying entirely on calculator technology are not acceptable. - 0
St
how that th i -~
(a) Show that the equation 60*" b P {50
2tanf (8 cos O + 23 sin” H) = 8sin26 (1 + tan’ 6)
1 . 15 = l
may be written as ) g -t e e 2 o
Ly = SLC
sin26(Acos” @+ Bcosh + C)=0 | + 60{)
where A4, B and C are constants to be found.
3)
(b) Hence, solve for 360° < x < 540°
2tanx (8 cosx + 23 sin’ x) = 8sin2x (1 + tan’ x) xeR x#450°

“4)

. 1 — ‘ R
o) L0 (2 st 425 50 6) = 95016 - sec'd
59
. - 2 — - .
Lsinb ( § coyB +Z$(/ 73N’/ ) = ¢ sinlH —/1;‘
— Cos' Y
73,

Lsin Beosh [ §cost+28- 13cty ) = € 5alh
%n LB ( § (os@ 23 — 13 cwig): Y siado

1126 (Feosd +23-2%0]6) - 501 =D

SIN D6 (K’cw@ t23-23w> 6 — 85 =0
Sia2d( Feosd * IS ’76(,0;16) =0
A LE ZO Deosb t |6 - 2iw:ms 9 =0
24 70/)30/350/ (os b = | Coxf < /l/§3
54D, 719,900, =0, 260,
10 %0 720, |0 %O b =130.7,229.¢

- 407 534.3
VA0 YO OO O O O —
P 7 2 8 0 5 A 0 4 2 4 8

YIHV SIHLNIZLIHM LON Od V3YY SIHLNIILIHM 1ON Od

Y3dY SIHLNIEILIIM LON Od



( )
Question 14 continued
M [a}
v 14 —
= 2360, 540 6~ u90.77
_—
—/ ‘—% 7/-—"—’
— ] o o o
= 360, 4qo0.71°, Suo
—_— —_— —
3
&
.
< ‘>\
g
S
\_ J

43

o R O 0 Turm over »
P 7 2 8 0 5 A 0 4 3 4 8



s

J
¢
%o

G RIRRKIRKS,

<

Question 14 continued

<R IRRELIKRRKL K

XX

St setesetotetoetete!

o5

ORI

%

GIRLLES
BeSasesesatatetetetetole!

o200
3R

LK
0RRE

%% %
KK
KK
00%,‘

%S

QIKRIKIKRIRIRRK K IKRK

X
%
5

0503000 5IIIIIIIK LK

KR RIRKIIKRKIIKRKIRKKX
X KKK LK LIELLIKLELLKL

RROEECOOEEO0000
XX

S5
R X

" @

<

005
RS

35

S
094,293
QSRR
prote ~ 20
Bose® = 28
I
SR
SRR
€§§5§$
SSKREK,
KRR
35&&&
SR80S
RS
SRS
LR
RS

O
%

o%
posess

K
>4

PO #oes
BotSmriets
S
<K
ML
XM
SR
o>

<X
RRRXS
v
«
=
0RXKS

= B

9
KK KKK
SNy
X3
CRRXIILLLLME W,

e
23

R
R

fotatetetototole!
K
19%%

oS
QIIREKKIEKKIK,

(OO
3%

2R

ode%s

SIS

7
\
0
<X
K
bo%es
%%

44

R 0 O o
P 7 2 8 0 5 A 0 4 4 4 8



o
o

%
X
258

00
SRR
o2otetetotets

RRRLKS

X

o =
RHLRRL
00:?p
3R

%
<
0

S
botstesesatasoteteses
Q‘QQqup€%¢
oggbwé@bﬁg
R

00
<K
2K
55

OO
dodeelotodedes
30RRRK

A

RIS
LS

KX

0SS

O
togetetetores
B
REA
edraitel
R

oo At

SIS
SRS
LXK
Bo%8 V2 193¢

X
09008
\]

S0 e
S
Ose o%%
0.“ 9’0‘0
BRI,

$%0%%
0y
T
2N
$%%%
S

o 19598
Ko
SRR

¢
09

o
o%
O
)|
o
%%
X

&

OO
posssesetetotototetotetel
2RRAHLL

oSotototetetetels!
LSS

%
o%

3

3%
225
3RS
05!

X
RS
S9%0o%
QIR
S
SRRKKKRK,
QREEEELLLES

XX

O 00\/'00 B

s
oS tatesesesesesesess
KKK

5>

QR
%!

A

KR
S
oS0l

s ~
Question 14 continued
(Total for Question 14 is 7 marks)
L _J

O m

VRV O R0 N
Turn over »
P 7 2 8 0 5 A 0 4 5 4 8 urnove



15. A student attempts to answer the following question:

Given that x is an obtuse angle, use algebra to prove by contradiction that

sinx — cosx > 1

The student starts the proof with:

Assume that sinx —cosx < 1 when x is an obtuse angle

= (sinx — cosx)’ < 1

The start of the student’s proof is reprinted below.

Complete the proof.
3)

Assume that sinx — cosx < 1 when x is an obtuse angle

= (sinx — cosx)’ < 1

~
5lﬂl T — S X codx — 3]rp;Co>:(_ 4 co> x < |

=">’,n]':x_ — ;)—$‘IA‘LC0.>JL {'LO.blx_ <I
Lﬁ)nlx ‘?C9>1‘2,> - 25\r\’140.}3@ 4 I
0 | —_— Q%ln;a cos < ‘

- Q.,a(pr\o; c &> ol < O
¢
T when dobuye NAaX P 0 ond cosx < o
-v€ X v x -ve  yull ke

{)osfhu({
(;a/\{»{omol‘lolfiwx .ooSAx —(odx 2 |
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Question 15 continued
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Question 15 continued
(Total for Question 15 is 3 marks)
L TOTAL FOR PAPER IS 100 MARKS )
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